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Article Info Abstract
Background: Lemea is a traditional fermented food originating from Bengkulu,
Article history: Indonesia, and is produced from bamboo shoots and fish. Traditionally, lemea has

been fermented using various simple containers, which may affect the fermentation
process and the quality of the resulting product. Differences in container materials
may influence moisture retention, microbial growth, and sensory characteristics
during fermentation.
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Aims: This study aimed to determine the effect of different fermentation vessels on
the physicochemical, microbiological, and sensory characteristics of lemea.

Keywords: Methods: An experimental study was conducted using a Completely Randomized
Bamboo shoot Design (CRD) consisting of five fermentation vessel treatments: glass jar, plastic jar,
Bengkulu ethnic food bamboo container, food-grade polypropylene (PP) plastic container, and
Fermentor Tupperware container. Each treatment consisted of bamboo shoots
Lemea (Dendrocalamus asper) and tilapia fish (Oreochromis mossambicus) at a ratio of 2:1.

The fermented products were analyzed based on moisture content, bacterial count,
and sensory characteristics, including aroma, texture, and color.

Results: The results showed that the type of fermentation vessel affected the
quality characteristics of lemea. The highest moisture content was observed in the
Tupperware treatment (40.54%), while the lowest was recorded in the plastic jar
treatment (38.74%). The highest bacterial count was found in the glass jar
treatment (7.0 x 10° CFU/mL), whereas the lowest bacterial count was observed in
the Tupperware treatment (1.1 x 10° CFU/mL). Sensory evaluation showed that
lemea fermented in the bamboo container received the highest preference scores
for aroma and texture, while the plastic jar treatment received the highest
preference score for color.

Conclusion: The type of fermentation vessel influences the physicochemical,
microbiological, and sensory characteristics of lemea. The findings demonstrate
that fermentation vessel selection is an important factor in maintaining and
improving the quality of traditional lemea products.
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INTRODUCTION

Traditional fermented foods and beverages play a crucial role in food resilience and human
health across various cultures (Anyogu et al, 2021). These foods enhance nutritional content,
digestibility, and microbial stability while providing food security, particularly in underdeveloped
regions (Hariyadi, 2024). Fermentation, one of the oldest food preservation techniques, extends shelf
life and improves organoleptic properties (Assan et al., 2026; Samantaray & Saha, 2026). Studies
have shown that consuming traditional fermented foods is associated with numerous health benefits,
including weight maintenance, reduced cardiovascular disease risk, improved glucose and lipid
levels, and enhanced immune function (Ginzle et al., 2023; Zannou et al., 2023). Traditional and local
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knowledge in food practices contributes to food resilience, defined as the capacity of a food system
to provide sufficient, appropriate, and accessible food in the face of disturbances (Marco et al., 2021;
Materia et al., 2021). While traditional fermented foods offer significant potential for industrial
growth, there is a need to improve ingredient quality and integrate food safety management systems
(Ilikkan et al., 2025).

Lemea is a traditional fermented food of the Rejang tribe in Bengkulu, Indonesia, made from
bamboo shoots and fish (Kumar et al., 2022). The fermentation process is spontaneous and involves
lactic acid bacteria, primarily Lactobacillus species (Deka etal., 2021). Different bamboo species yield
different bacterial strains, with L. fermentum found in yellow bamboo and L. plantarum in both yellow
and betung bamboo. Lemea production has been studied to improve quality through modifications
like blanching and container selection (Goyal et al., 2024; Siddiqui et al., 2023). Beyond these process
optimizations, researchers have successfully isolated probiotic-potential strains such as
Lactobacillus rossiae LS6, which exhibit notable resilience to acidic environments and thermal stress
(Aini & Mustakim, 2025; Utama et al., 2023).

Fermentation is a complex process influenced by various factors that affect the quality of
fermented foods (Canoy et al., 2023; Marco et al., 2021). These factors include incubation time, pH,
and microbial activity (Gabriele et al., 2026; Kalaiselvan et al., 2025). The fermentation process can
enhance the nutritional and biochemical qualities of foods, leading to increased antioxidant activity,
improved organoleptic properties, and reduced anti-nutrient levels (Sharma et al., 2020; Siddiqui et
al, 2023). However, maintaining consistency and quality in small-scale fermentation processes
remains challenging. Upgrading these technologies while preserving product authenticity is crucial
(Gabriele et al., 2026). The use of fermentor has shown promise in improving production efficiency
and quality control (Khan et al., 2025; Niyigaba et al., 2025). Additionally, the implementation of a
consortium-based approach facilitates the necessary collaboration between industrial practitioners
and scientists to refine traditional techniques without sacrificing unique regional characteristics
(Muhammad, 2024; Suhaera et al., 2026).

A fermenter is a container for the growth of microorganisms whose conditions are regulated
to prevent contamination and allow microorganisms to produce the desired product to the
maximum. At the household level, Bengkulu residents use a variety of simple containers as traditional
food fermenters, such as plastic jars, glass jars, and bamboo. This study was conducted to determine
the effect of different fermenters on the quality of the resulting lemea.

METHOD

This study employed an experimental design using a Completely Randomized Design (CRD) with
five treatments and five replicates. The treatments differed in the type of container used for the
fermentation of bamboo shoots and tilapis (Oreochromis mossambicus), as follows:

P1: Glass jar containing 80 g of bamboo shoots and 40 g of tilapia.

P2: Plastic jar containing 80 g of bamboo shoots and 40 g of tilapia.

P3: Bamboo container containing 80 g of bamboo shoots and 40 g of tilapia.

P4: Food-grade polypropylene (PP) plastic container containing 80 g of bamboo shoots and
40 g of tilapia.

5. P5: Tupperware container containing 80 g of bamboo shoots and 40 g of tilapia.

B W

a. Preparation of Bamboo Shoot and Fish Materials

The raw materials used for lemea fermentation consisted of bamboo shoots (Dendrocalamus
asper) and tilapia (Oreochromis mossambicus). The bamboo shoots were harvested from bamboo
plants using a machete and collected in a clean container. The fish were cleaned and prepared prior
to fermentation. The bamboo shoots and fish were used at a ratio of 2:1 (w/w).

b. Lemea Fermentation Experiment

The bamboo shoots were thoroughly washed and mixed with the cleaned Mozambique tilapia
and an adequate amount of clean water. The mixture was then transferred into five different types
of fermentation vessels: glass jars, plastic jars, bamboo containers, food-grade polypropylene (PP)
plastic containers, and Tupperware containers. Each vessel was tightly sealed and incubated under
controlled conditions for 3 days.
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c. Determination of Lemea Moisture Content

The moisture content of the wet lemea was determined using the oven-drying method. A
sample of wet lemea was weighed and dried in an oven at 105°C for 18-24 h. The dried sample was
then cooled in a desiccator and weighed. The drying, cooling, and weighing steps were repeated until
a constant weight was obtained. Moisture content was calculated based on the loss in sample mass
following drying at 105°C.

d. Determination of Lemea pH

The pH of the lemea samples was measured using a calibrated pH meter. A 5-g sample of
lemea was homogenized with 5 mL of distilled water. The pH electrode was then immersed in the
resulting suspension, and the pH value was recorded once a stable reading was obtained.

e. Observation of Bacterial Colony Morphology

The macroscopic morphology of bacterial colonies was observed directly on agar media. The
observed characteristics included colony color, shape, margin, surface, and elevation, following the
criteria described (Pintavirooj et al., 2026).

f. Microbial Enumeration

The total bacterial count was determined using the serial dilution plate count method. Briefly,
20 g of homogenized lemea was aseptically transferred into 180 mL of sterile distilled water and
homogenized thoroughly. Serial dilutions were then prepared from the homogenized sample. A 1-
mL aliquot from the appropriate dilution was aseptically transferred into a sterile Petri dish, followed
by the addition of 10 mL of sterile nutrient agar. The inoculum and medium were mixed thoroughly
to ensure even distribution of the sample. The plates were incubated at 35°C for 48 h. After
incubation, bacterial colonies were counted, and the microbial population was expressed as colony-
forming units (CFU) per gram of sample.

g. Organoleptic Test

A sensory evaluation of lemea was conducted using a scoring method, in which higher scores
indicated greater preference or better sensory quality. The sensory attributes evaluated included
texture, color, and aroma. Panelists assessed each attribute using a predetermined rating scale and
provided their individual evaluations of the lemea samples.

RESULTS AND DISCUSSION

Result:

The pH values of lemea fermented in five different types of vessels glass jars, plastic jars,
bamboo containers, food-grade polypropylene (PP) containers, and Tupperware containers are
presented in Table 1.

Table 1. Effect of Fermentation Vessel on the pH of Lemea

Treatment pH
Glass jar 4
Plastic jar 4,2
Bamboo 4,2
Food-grade polypropylene (PP) containers 4
Tupperware container 4

The pH values of lemea fermented in the five different vessels were relatively similar, ranging
from 4.0 to 4.2. This pH range is considered favorable for the fermentation process. The optimal
acidity range for fermentation is approximately pH 4-5, whereas fermentation activity may decrease
at pH values below 3. The decrease in lemea pH can be attributed primarily to the metabolic activity
of lactic acid bacteria (LAB), which produce lactic acid as a major end product of carbohydrate
metabolism. The accumulation of organic acids consequently lowers the pH of the fermented
product. (Ibrahim et al., 2021) reported that an increase in the population of LAB is associated with
greater utilization of fermentable sugars and increased organic acid production. Therefore, the
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greater the availability of metabolizable sugars, the greater the production of organic acids and the
subsequent reduction in pH.

The moisture content of lemea also varied among the fermentation vessels. The highest mean
moisture content was observed in the Tupperware container (P5), at 40.54%, whereas the lowest
was recorded in the plastic jar (P2), at 38.74%. Statistical analysis indicated that the moisture content
of lemea fermented in the Tupperware container did not differ significantly from that fermented in
the food-grade polypropylene (PP) container. However, it differed highly significantly from the
values obtained for the glass jar, bamboo container, and plastic jar treatments (Table 2).

Table 1. Effect of Fermentation Vessel on the Water Content of Lemea

Treatment Water content
Tupperware container (P5) 40,54a
Food-grade polypropylene (PP) containers 38,99ab
(P4)
Glass jar (P1) 38,84b
Bamboo (P3) 38,80b
Plastic jar (P2) 38,74b

The highest mean moisture content was observed in lemea fermented in the Tupperware
container (P5), with a value of 40.54%. Tupperware is made of high-density polyethylene (HDPE), a
material characterized by relatively high strength, hardness, and opacity, as well as good thermal
resistance, making it suitable for freezer storage at temperatures as low as -50°C (Oliveira et al.,
2020). The relatively high moisture content observed in P5 may be associated with the moisture
barrier properties of the container. During fermentation, water can be lost through evaporation,
which involves the transfer of water molecules from the liquid phase to the vapor phase (Suri et al.,
2025). This mass transfer process is significantly influenced by the surrounding environmental
conditions and the physical configuration of the storage system (Shrivastava et al., 2023). The
relatively low permeability of HDPE to water vapor may limit moisture transfer between the lemea
and the surrounding environment, thereby reducing evaporative water loss and contributing to the
retention of moisture within the product.

This finding is consistent with (Giovani et al., 2024), who reported that a lower water vapor
transmission rate (WVTR) of packaging materials limits the transfer of water vapor through the
packaging. Therefore, packaging with low water vapor permeability can reduce moisture exchange
between the product and its surroundings, resulting in greater moisture retention (Feng et al., 2025).
In contrast, the lowest mean moisture content was observed in lemea fermented in the plastic jar
(P2), at 38.74%. This result may be related to the relative humidity (RH) inside the container and the
thickness and permeability of the plastic material. Thinner plastic packaging generally exhibits
greater water vapor permeability, allowing water vapor to escape more readily and consequently
increasing moisture loss from the product (Hosseini et al., 2020). Thus, the greater permeability of
the plastic jar may have facilitated water vapor transfer and contributed to the lower moisture
content observed in P2.

The bacterial colony counts obtained using the spread plate method are presented in Table 3.

Table 3. Bacterial Counts of Lemea Fermented in Different Types of Fermentation Vessels

(CFU/ml) Bacterial Count (CFU/mL)
Tupperware container (P5) 1,1x105
Plastic jar (P2) 1,5x105
Bamboo (P3) 1,8x 105
Food-grade polypropylene (PP) containers (P4) 5,2x105
Glass jar (P1) 7,0 x 105

The highest bacterial count, 7.0 x 10° CFU/mL, was observed in the glass jar treatment (P1),
whereas the lowest count, 1.1 x 10° CFU/mL, was recorded in the Tupperware container treatment
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(P5). The lower bacterial count observed in P5 may be associated with the limited availability of
oxygen within the tightly sealed container. Oxygen availability is one of several environmental
factors that can influence microbial growth in fermented foods, along with pH, nutrient availability,
and storage and processing temperatures (In et al., 2026).

Macroscopic examination of bacterial colonies isolated from the fermented lemea revealed
small, punctiform, white colonies with undulate margins and flat elevations. Gram staining further
indicated that the isolates were Gram-positive, rod-shaped bacteria

The bacterial colonies exhibited yellowish-white coloration, regular undulate margins, flat
elevation, and a regular colony shape. Gram staining indicated that the isolates were Gram-positive
bacteria. Previous research on lemea fermentation by (Kurnia et al., 2020) identified lactic acid
bacteria (LAB), particularly Leuconostoc, which are Gram-positive, non-motile, non-spore-forming
cocci that typically occur in pairs or short chains. Based on the colony morphology and Gram-staining
characteristics observed in the present study, the isolates were presumptively identified as LAB. This
preliminary identification is consistent with the characteristics reported by (Sam et al., 2024), who
described LAB colonies as white, opaque, and convex, with colony sizes of approximately 2-3 mm.
LAB play an important role in fermentation by metabolizing fermentable substrates and producing
lactic acid and other organic acids as metabolic products.

An organoleptic evaluation was conducted with 15 panelists to assess the color, aroma, and
texture of the fermented lemea. The mean scores obtained for each sensory attribute are presented
in Table 4.

Table 4. Sensory Evaluation Results for Lemea

Sensory Evaluation Scoring
Most Preferred Least Preferred
Color Bamboo Tupperware container
Aroma Plastic jar Tupperware container
Texture Bamboo Plastik PP foodgrade

Based on the results presented in Table 4, the highest color preference score was recorded
for lemea fermented in the bamboo container, with a mean score of 55, whereas the lowest score was
observed for the Tupperware container, with a mean score of 41. For aroma, the plastic jar treatment
received the highest mean score (50), while the Tupperware treatment received the lowest score
(33). In terms of texture, lemea fermented in the bamboo container received the highest mean score
(56), whereas the food-grade polypropylene (PP) container received the lowest score (37).

Discussion:

Overall, the mean sensory scores indicated that lemea fermented in the bamboo container
and plastic jar received the highest levels of panelist preference across the evaluated sensory
attributes. In contrast, the Tupperware and food-grade PP plastic containers generally received
lower preference scores. These findings highlight the importance of sensory characteristics in
determining consumer acceptance of fermented food products. That even nutritionally valuable and
palatable food products may be rejected if their appearance, particularly color, is perceived as
unattractive or deviates from the expected characteristics (Rai et al., 2023). Color is an important
quality attribute in food products because it strongly influences consumer acceptance, although it is
not necessarily directly related to nutritional value, aroma, or other functional properties (Hassoun
etal., 2022).

In the present study, lemea fermented in the bamboo container exhibited a cloudy-white
color. This observation differs from the description reported by (Aziz & Aji, 2024), who noted that
consumers in Bengkulu generally expect fermented bamboo shoots and fish (lemea) to have a
yellowish-white color. Differences in color may be associated with the fermentation conditions,
including the type of fermentation vessel and fermentation duration (Ritter et al., 2024). That both
fermentation vessel and fermentation duration can influence the rate of fermentation and,
consequently, the characteristics of the resulting product (Garrido-Galand et al., 2021). Thus, the
selection of an appropriate fermentation vessel may contribute to the development of desirable
sensory characteristics in lemea.
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Aroma is another important determinant of food acceptability. Aroma plays a major role in
sensory perception and is an important indicator of food quality (Kaur et al., 2025). In this study,
lemea fermented in the plastic jar received the highest aroma preference score, which was
characterized by a distinct acidic aroma without an excessively pungent odor. This characteristic may
have contributed to its higher acceptance among the panelists (Borthakur et al., 2025).

Regarding texture, lemea fermented in the bamboo container received the highest preference
score. The relatively firm texture may be associated with continued microbial activity during
fermentation at room temperature. Temperature is an important factor influencing microbial growth
and metabolic activity, which can subsequently affect the physical characteristics of fermented foods
(Silande et al., 2025). These characteristics may have contributed to the higher texture preference
observed among the panelists (Mefleh et al., 2024).

The findings of this study demonstrate that the type of fermentation vessel can influence the
physical, microbiological, and sensory characteristics of lemea. Although the pH values remained
relatively consistent across the five fermentation vessels, ranging from 4.0 to 4.2, differences in
vessel material and design were associated with variations in moisture content, bacterial counts, and
sensory acceptance. The Tupperware container treatment resulted in the highest moisture content
but the lowest bacterial count, whereas the bamboo container treatment received the highest
sensory preference scores for color and texture. In contrast, the glass jar treatment exhibited the
highest bacterial count, suggesting more favorable conditions for bacterial growth under the
experimental conditions. These findings indicate that the selection of a fermentation vessel should
consider the intended quality characteristics of the final product and requires a balance between
microbiological performance and sensory acceptance.

This study contributes empirical evidence on the relationship between fermentation vessel
characteristics and the quality of lemea, providing useful information for traditional lemea producers
when selecting fermentation vessels according to specific product-quality objectives. The findings
also contribute to the growing body of knowledge on the role of packaging and vessel materials in
traditional food fermentation. Furthermore, the results may provide a basis for developing
alternative fermentation vessels that combine the sensory advantages associated with bamboo
containers with the favorable microbiological characteristics observed in glass jars.

Several limitations should be considered when interpreting these findings. First, only five
types of fermentation vessels were evaluated, and other materials, structural designs, and vessel
capacities may produce different outcomes. Second, pH measurements were performed using pH
paper, which provides lower measurement accuracy and resolution than a calibrated digital pH
meter. Third, the sensory evaluation involved only 15 panelists, limiting the generalizability of the
findings to a broader consumer population. Finally, environmental conditions, particularly
fermentation temperature and relative humidity, were not strictly controlled, which may have
introduced variability that could not be attributed solely to the type of fermentation vessel.

Future studies should employ more precise analytical instruments, including calibrated
digital pH meters and moisture analyzers, and evaluate a broader range of fermentation vessel
materials and designs. Increasing the number and diversity of sensory panelists would also improve
the representativeness and generalizability of sensory evaluations. In addition, strict control and
monitoring of fermentation conditions, including temperature, relative humidity, and fermentation
duration, are recommended to better isolate the effects of fermentation vessel characteristics.
Further characterization of the fermented product, including protein content, lactic acid
concentration, and volatile compounds, would provide a more comprehensive understanding of how
fermentation vessel characteristics affect the physicochemical, microbiological, and sensory quality
of lemea.

Implications:

The findings provide practical implications for traditional lemea producers by showing that
fermentation-vessel selection can be considered according to specific product-quality objectives. The
differences in moisture retention, bacterial counts, and sensory acceptance indicate that vessel
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characteristics may be relevant when producers seek to maintain or improve particular quality
attributes.

Research Contributions:

This study contributes empirical evidence on the relationship between fermentation-vessel
characteristics and lemea quality. It adds to knowledge on the role of packaging and vessel materials
in traditional food fermentation and provides a basis for considering alternative fermentation vessels
that combine desirable sensory characteristics associated with bamboo containers with favorable
microbiological characteristics observed in other vessels.

Limitations:

Several limitations should be considered. First, only five types of fermentation vessels were
evaluated, and other materials, structural designs, and vessel capacities may produce different
outcomes. Second, pH measurements were performed using pH paper, which provides lower
measurement accuracy and resolution than a calibrated digital pH meter. Third, the sensory
evaluation involved only 15 panelists, limiting generalizability to a broader consumer population.
Finally, environmental conditions, particularly fermentation temperature and relative humidity,
were not strictly controlled, which may have introduced variability that could not be attributed solely
to the type of fermentation vessel.

Suggestions:

Future studies should employ more precise analytical instruments, including calibrated
digital pH meters and moisture analyzers, and evaluate a broader range of fermentation-vessel
materials and designs. Increasing the number and diversity of sensory panelists would improve the
representativeness and generalizability of sensory evaluations. Strict control and monitoring of
fermentation conditions, including temperature, relative humidity, and fermentation duration, are
also recommended to better isolate the effects of vessel characteristics. Further characterization of
the fermented product, including protein content, lactic acid concentration, and volatile compounds,
would provide a more comprehensive understanding of how fermentation-vessel characteristics
affect the physicochemical, microbiological, and sensory quality of lemea.

CONCLUSION

The type of fermentation vessel significantly affected the moisture content of lemea. The
highest moisture content was observed in the Tupperware container (40.54%), whereas the lowest
was recorded in the plastic jar (38.74%). The highest bacterial count was observed in the glass jar
treatment (7.0 x 10° CFU/mL), while the lowest was recorded in the Tupperware treatment (1.1 x
10° CFU/mL). Sensory evaluation showed that lemea fermented in the bamboo container received
the highest preference score for aroma and texture, whereas the plastic jar treatment received the
highest preference score for color.
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