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Avrticle History ( Abstract )
Received Bakdéng Asdé is a typical Acehnese snack that older people in Aceh, Indonesia have loved since ancient
6 September 2023 times. This snack is made from wet tobacco which is used as chewing tobacco. The open-air drying
Accepted process of Bakéng Asdé exposes it to heavy metal contamination from air pollution caused by motor
24 October 2023 vehicle emissions. The wet storage process also promotes microbial growth of bacteria and fungi due
to the aqueous environment. The purpose of this study was to determine the levels of heavy metal
Available Online contamination (Pb, Cd, Se, Cu and Hg) and microbiological contamination from bacteria
29 October 2023 (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa) and fungi (Candida albicans and
Keywords Aspergillus niger) in Bakéng Asdéé sold along roadsides without adequate hygiene controls. The
research utilized a qualitative approach with a descriptive design. This study showed that heavy metal
Bakéng Asée exposure to Pb, Cu and Se in the three samples was still within safe limits for consumption. However,
Heavy metf“ Cd and Hg levels in all samples exceeded consumption safety standards. Microbiological analysis of
Balit;r; the three Bakéng Asdé samples detected bacterial and fungal contamination, with cocci-shaped
bacteria being most prevalent and Aspergillus sp the dominant fungus. In conclusion, this study found
evidence of chemical and microbiological contamination in Bakong Aséé sold at markets in Aceh, Ulee
Kareng and Lambaro.
4 y,
Introduction

Indonesia is globally recognized for its vast tropical forests and biodiversity [1-3], including
tobacco (Nicotiana tabacum L.) [4]. In 2019, Indonesia had a total national tobacco production
of 197.40 thousand tons, making it one of the most widely cultivated crops in the country. Aceh
is a major tobacco-producing province, with its annual output steadily increasing. Aceh
produced 1.90 thousand tons of tobacco that year. According to the Indonesian Tobacco Society
Alliance (AMTI), Aceh has enormous potential for expanding tobacco cultivation, given the
suitable climate and soil conditions, which could significantly boost the local economy and
livelihoods of the Acehnese people if properly tapped [5,6].

Some Acehnese, particularly senior citizens (older adults) in rural regions, like a tobacco-based
snack known as Bakéng Aséé. Some Acehnese people have consumed Bakéng Aséé for years
since it has numerous characteristics and purposes, including reducing bad breath and as an
anti-inflammatory treatment, particularly for teeth and gums. This is most likely owing to the
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presence of alkaloid compounds in Bakéng Aséé, which have been shown to serve as pain
relievers (anti-inflammatory) and to inhibit the growth of halitosis bacteria, which produce bad
breath [7]. The alkaloid compounds such as piperine and nicotine are known to have
pharmacological effects as antioxidants [8]. Bakéng Asdéé can be used as one of the natural
sources of antioxidants. The primary function of antioxidants is to balance the adverse effects
of free radicals produced during metabolic processes, which is done by donating one electron
to the oxidant, thus becoming more stable [9].

Since ancient times, this snack has been a favorite of the senior citizens in Aceh. Until now,
Bakéng Asdé, however, remains in demand among senior citizens, particularly older adults, for
its ability to prevent tooth and gum irritation. The Bakéng Asde is a wet tobacco variety used in
chewing tobacco thatis ingested by chewing between the teeth, which then sucks and swallows
the tobacco water produced. Usually, the tobacco is utilized after drying to clean the tooth gaps
and discard the waste [10].

Bakbéng Asdé is produced once a year in Aceh, and the annual demand exceeds 100 kilograms,
which may be stored and conserved for the next two years. To make Bakéng Asdé, harvested
tobacco leaves (four months old) are incubated in a container for four days until they become
yellow, then chopped till smooth and rolled to form Bakéng Asdé [11]. This processing takes 7-
8 days, ready to be consumed and marketed in traditional markets in the open (Figure 1).

4

Figure 1. Bakéng Asdéé from leaf to lip: A. Plant of tobacco Nicotiana tabacum L; B. dried o leaves tobacco;
and C. Aceh's Traditional Chewing Tobacco (Bakéng Asdé).

Bakong Asoé is highly vulnerable to both heavy metal contamination (such as Pb, Cd, Fe, Hg)
and microbiological contamination during the processing, storage & sale process (Coliform
bacteria, such as members of the Escherichia genus). Intoxication caused by the Coliform
bacteria group has several symptoms in human digestive tract disorders such as diarrhea,
vomiting, and fever. Therefore, this study aimed to analyze metal and microbial contamination
in Aceh's Traditional Chewing Tobacco (Bakéng Asdé).

Bakong Asoé is highly susceptible to heavy metal contamination (such as Pb, Cd, Fe, and Hg)
and microbiological contamination from Coliform bacteria like Escherichia during processing,
storage, and sale [12]. Intoxication caused by Coliform bacteria can result in human digestive
tract disorders such as diarrhea, vomiting, and fever [13-15]. Therefore, this comprehensive
study aimed to thoroughly analyze and quantify the levels of heavy metal contamination and
identify and enumerate the microbial contaminants present in Aceh's traditional chewing
tobacco (Bakéng Asdé). The results will provide important insights into the safety and quality
control measures needed to ensure Bakong Asoé is free from hazardous chemical and
microbiological contaminants that could pose a health risk to consumers.
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Materials and Methods

Materials

The materials used were Bakéng Asdéé samples, Nutrient Agar (NA), Potato Dextrose Agar
(PDA), chloramphenicol, distilled water, 70% alcohol and spirits.

Sample

The samples of Bakéng Asdé (BA) were obtained from the Aceh traditional market from three
different locations. BA1, BA2, and BA3 samples were obtained from Pasar Aceh, Ulee Kareng,
and Lambaro.

Metal Contamination Analysis

The metal contamination was analyzed using the Atomic Absorption Spectrophotometry, AAS
(Agilent) instrument. The parameters observed in this study were heavy metals Pb, Cd, Hg, Cu
and Se in the Bakéng Aséé sample [16,17].

Preparation and Dilution

All glass utensils are sterilized before using an autoclave at 21°C and a pressure of 2 atm for
15 minutes. Two grams of Bakdng Asdé were soaked in distilled water, homogenized with a
vortex, and left for 15 minutes. The immersion result is 1 mL and is placed in a test tube
containing 9 mL of sterile distilled water, the serial dilution until 10-8 dilution is obtained [18,19].

Microbial contamination analysis

Bakéng Asdé microbiological contamination analysis was performed on bacterial and fungal
contamination. Nutrient Agar (NA) is used for bacterial growth, while Potato Dextrose Agar
(PDA\) is used for mushroom growth. The dilution results were taken as much as 1 ml, put into
a sterile petri dish. PDA medium (which had been added with chloramphenicol) was poured into
a petri dish for observing fungal growth and NA media for observing bacteria, then homogenized
and incubated. After that, a mixed culture will be obtained so that purification is carried out by
transferring one colony of bacteria and fungi to sterile NA and PDA media, then incubating again
[20].

Macroscopic and microscopic observations of bacterial isolates

Macroscopic observations were made by observing the properties of bacterial colonies based
on the margins of the colonies and their color. Gram staining was used to make microscopic
observations on all isolates. This procedure is carried out by pouring distilled water over the
slide, then taking a little bit of the bacterial isolate and rubbing it onto the slide with the loop
needle, and finally fixing it. After that, one drop of methylene blue was applied and left for 60
seconds before being rinsed with distilled water. One drop of methylene blue was added and
allowed to stand for 60 seconds before washing with distilled water. One drop of Lugol's iodine
(disinfectant solution) was added and allowed to stand for 60 seconds before washing with
pure water. Added one drop of 70% alcohol and allowed to stand for 60 seconds, then washed
with distilled water. Added one drop of safranin and allowed to stand for 30 seconds, then
washed with distilled water. The next stage is to dry the glass preparations resulting from Gram
staining and observe using a microscope [21].

Macroscopic and microscopic observations of fungal isolates

The macroscopic properties of the colonies, such as color, edges, and surface of the colony, were
used to identify pure cultures of fungal isolates [22]. Pure fungal cultures were collected using
a needle preparation and deposited on the surface of the object glass, then distilled water was
added for microscopic observations. The preparations were then covered with a cover glass and
examined under a microscope. The microscopic characteristics studied were hyphae,
conidiophores, and the conidia color of the isolates [23].
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Results and Discussion

Metal Contamination Analysis on Bakéng Asoé

Table 1 shows the results of heavy metal contamination in each Bakéng Aséé sample. The table
results, Bakéng Asdéé 1 (BA 1) has the most significant Pb contamination of 1.0863 mg/kg.
According to the standard reference of the Food and Drug Supervisory Agency Regulation
number 5 of 2018, the maximum level of heavy metal contamination in processed food is 2.0
mg/kg, so the three Bakéng Aséé samples still fulfill the criteria. The content of Cd metal
contamination in the three samples was very high, as much as 2.8492 mg/kg in the BA1 sample,
1.7204 mg/kg in the BA2 sample, and 1.4691 mg/kg in the BA3 sample. Based on the previous
standard, the maximum Cd contamination is 0.2 mg/kg. This shows that the Cd contamination
in the three Bakéng Asdéé samples is unsuitable for consumption [24]. The high level of Cd metal
pollution in Bakéng Asdé is hazardous to the body because elemental Cd has a long biological
half-life, owing to its poor elimination rate from the body. As a result of the accumulation of Cd
in numerous tissues over time, including the kidneys, liver, central nervous system (CNS), and
peripheral nervous system, continuous exposure to Cd will result in toxic effects [25].

Table 1. Results of analysis of heavy metal contamination in Bakéng Aséé samples.

No. Test Unit Sample Indonesian National
Parameter BA1? BA2° BA3*© Standard (SNI) (mg/Kg)

1. Pb mg/Kg 1.0863 1.0863 1.0863 2.0

2. Cd mg/Kg 2.8492 2.8492 2.8492 0.2

3. Cu mg/Kg 2.0580 2.0580 2.0580 3.0

4. Hg mg/Kg 0.0824 0.0824 0.0824 0.03

5. Se mg/Kg <0.0009 <0.0009 <0.0009 0.55

The BA2 sample has the highest level of Cu contamination compared to the other samples, at
4.9337 mg/kg. Because it does not exceed the maximum standard level of 30 mg/kg, it is still
classified as safe. The measurement of Hg contamination in the BA3 sample revealed the
highest contamination level of 0.0824 mg/kg, compared to 0.1361 mg/kg in the BA2 sample
and 0.6038 mg/kg in the BA3. Based on the previous standard, the levels of Hg contamination
in the three samples were high and exceeded the standard limits. This can affect health
problems, especially in the kidneys [26]. The result of Se metal contamination in the three
samples was <0.009. The National Institutes of Health suggests a daily Se consumption of 0.55
mg/kg to keep the three Bakdng Asdé samples within the safe range. Heavy metal
contamination in Bakdng Asdé can be caused by various circumstances, including agricultural
chemicals, unsanitary manufacturing and sales procedures, and direct or indirect exposure to
heavy metals, such as motor exhaust emissions and air pollution [27]. Essential heavy metals
such as Se and Cu are required in moderate quantities to maintain human metabolism. Non-
essential heavy metal contamination, such as Pb, Hg, and Cd, harms the body and can lead to
poisoning. Consumption of heavy metals with high levels of pollution in the human body is a
major health concern [28]. This contamination can occur not only by direct contact but also
through food, water and air [29].

Heavy metals are released into the water and soil environment; these elements can accumulate
in food in plants, vegetables and herbs. The main route for heavy metals into the human body
is consuming contaminated food. Some toxic heavy metals, such as Pb, Hg, Cr, Cd, and As (As
is frequently categorized as a heavy metal due to its chemical similarities), damage health,
particularly pregnant women and young children, who are more vulnerable to toxic metal
poisoning. In addition, heavy metal contamination is also dangerous for the elderly because they
have decreased organ function. Toxic metals can also disrupt many biochemical processes in
the human body, posing significant health hazards and eventually leading to an increase in

Page 27



Grimsa Journal of Science Engineering and Technology 2023

chronic diseases such as neurological disorders, central nervous system damage,
malformations, and cancer [30].

Results of Bacterial contamination results in Bakéng Aséé

There are various types of bacterial isolates produced from dilutions samples 107 and 108.
Table 2 shows the outcomes of the bacterial isolate acquisition and Gram staining. The table's
results were derived from the bacteria's microscopic and macroscopic properties. There were 30
isolates of Gram-negative bacteria in the form of cocci. One bacterial isolate for staining Gram-
negative bacteria in the form of bacilli, seven isolates of bacteria for Gram-positive bacteria in
the form of cocci, and one bacterial isolate for Gram-positive bacteria in the form of bacillus.
Staining of Gram-negative bacteria in cocci was the most common, while Gram-positive bacteria
in the form of bacilli and Gram-positive bacteria in the form of bacilli were the least found in
bacterial isolates from the three Bakéng Asdé samples.

Table 2. Observations of bacterial isolates macroscopically and microscopically.

No. Dilution Isolates Colony Color Gram Cell Forms
1. P7.1 P7.1 (A) red negative coccus
P7.1 (B) red negative coccus
P7.1 (C) red negative coccus
P7.1 (D) red negative coccus
P7.1 (E) red negative coccus
P7.1 (E)(A) rosy negative coccus
P7.1 (F) red negative coccus
P7.1(G) red negative coccus
2. pP7.2 P7.2 (A) red negative coccus
P7.2 (B) red negative coccus
P7.2(B)(A) red negative coccus
P.7.2 (B)(B) red negative bacillus
P.7.2 (B)(C) red negative coccus
P7.2 (C) red negative coccus
P.7.2 (C)(A) red negative coccus
P7.2 (D) red negative coccus
P7.2 (E) red negative coccus
P7.2 (F) red negative coccus
P7.2 (G) red negative coccus
3. pP7.3 P7.3 (A) red negative coccus
P7.3 (B) greenish blue positive coccus
P7.3 (C) red negative coccus
P7.3 (D) bluish purple positive coccus
4. P8.1 P8.1 (A) red negative coccus
P8.1 (B) bluish purple positive coccus
P8.1 (C) bluish purple positive coccus
5. P8.2 P8.2 (A) red negative coccus
P8.2 (B) red negative coccus
P8.2 (C) red negative coccus
P8.2 (D) red negative coccus
P8.2 (E) red negative coccus
6. P8.3 P8.3 (A) reddish purple negative coccus
P8.3 (B) rosy negative coccus
P8.3 (B)(A) Ungu positive coccus
P8.3 (C) red negative coccus
7. NA1 NA 1 (A) red negative coccus
NA 1 (B) bluish purple positive bacillus
NA 1 (C) red negative coccus
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No. Dilution Isolates Colony Color Gram Cell Forms
8. NA2 NA 2 (A) greenish blue positive coccus

NA 2 (B) Ungu positive coccus

NA 2 (C) red positive coccus
9. NA3 NA 3 (A) red positive coccus

NA 3 (B) red positive coccus

NA 3 (C) red positive coccus
Notes:

P7,8.1: Bacterial isolation through seventh and eighth dilutions of BA1 samples
P7,8.2: Bacterial isolation through seventh and eighth dilutions of BA2 samples
P7,8.3: Bacterial isolation through seventh and eighth dilutions of BA3 samples
NA 1, 2, 3: Isolation of bacteria on dry samples BA1, BA2 and BA3 without dilution.

The difference in color between Gram-positive and Gram-negative bacteria indicates differences
in cell wall structure between the two types of bacteria. Gram-positive bacteria have a cell wall
structure with a thick peptidoglycan content, and Gram-negative bacteria have a cell wall
structure with a high lipid content [31]. Bacterial growth is thought to be due to unhygienic
equipment and materials, and exposure to street dust due to heavy traffic during the processing
and drying of Bakéng Asdé samples. The fact is in line with Sudian [32] which states that
contaminated raw materials, inadequate sanitation, conditions (time and or temperature) that
are not controlled during the production process or storage or a combination of these conditions
will increase the rate of bacterial growth in Bakéng Aséé samples.

Result of fungal contamination in Bakéng Aséé

The isolation of fungus detected in Bakéng Aséé samples yielded 26 isolates (Table 3). The
results of fungal identification revealed that six fungus isolates were successfully isolated from
the Bakéng Asdé 1 (BA1) sample, twelve isolates from the BA2 sample, and eight isolates from
the BA3 sample. The isolates from the three types of Bakéng Asdé samples came from different
genera, namely the genus Aspergillus (23 isolates), Trichoderma (1 isolate), Trichophyton (1
isolate), and Blastomyces (1 isolate). This is in line with Pauly's (2011) study which reported
the presence of the fungus Aspergillus sp. in stored chewing tobacco leaves. Determination of
the genus of this fungus is based on the macroscopic and microscopic characteristics of each
fungal isolate.

Table 3. Results of Isolation and Microscopic Observation of Fungal Isolates

No Sample Isolate Genus Isolate

1. BA1? P7.1 A Aspergillus
P7.1B Aspergillus
pP7.1C Aspergillus
P8.1 A Aspergillus
PDA1 A Aspergillus
PDA1B Aspergillus

2. BA2® P7.2 A Aspergillus
pP7.2B Aspergillus
p7.2C Aspergillus
P7.2D Aspergillus
P8.2 A Aspergillus
P8.2 B Aspergillus
P8.2 C Aspergillus
P8.2 D Aspergillus
P8.2 E(1) Aspergillus
P8.2 E(2) Trichophyton
P8.2 E(3) Trichoderma
PDA2 A Aspergillus
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No Sample Isolate Genus Isolate

3. BA3¢ P73 A Aspergillus
pP7.3B Aspergillus
pP7.3C Aspergillus
P83 A Aspergillus
P8.3B Aspergillus
PDA3 A Aspergillus
PDA3 B Aspergillus
PDA3 C. Blastomyces

Notes:

*BA1: Bakéng As6é samples from Pasar Aceh; "BA2: Bakdng As6é samples from Banda Aceh's Ulee Kareng market;
°BA3: Bakéng Aséé samples from Lambaro market of Aceh Besar

P7,8.1: Fungal isolation through seventh and eighth dilutions of BA1 sample

P7,8.2: Fungal isolation through seventh and eighth dilutions of BA2 sample

P7.,8.3: Fungal isolation through seventh and eighth dilutions of BA3 sample

PDA 1, 2, 3: Isolation of fungi on dry samples BA1, BA2 and BA3 without dilution

Each Aspergillus sp isolate displayed distinct macroscopical hues. The isolates of P7.1 A, P7.2
A, P7.3 A, PDA1 B, PDA2 A, and PDA3 A were macroscopically blackish-brown and white to
yellow on the colony surface, changing to blackish brown once conidiophores formed.
Microscopically, the fungi in this isolate had thin-walled conidiophores, round and semi-round
vesicles and brown. Isolates P7.2 B, P8.2 A and P7.3 macroscopically were brown and had an
umbonate head shape.

Macroscopic and microscopic observations of bacterial isolates

Figure 2 depicts macroscopic and microscopic observations of bacterial isolates from Bakéng
Asdé. Macroscopic identification was performed by observing colony characteristics such as
shape, edge, and color. The macroscopically observed properties of bacterial isolates are often
purple and appear like a lobed edge. Gram staining reveals microscopically observed bacterial
characteristics. Bacterial isolates' findings are typically Gram-negative bacteria with cocci cell
shapes. Gram staining is used to detect bacterial cell shape and identify Gram-positive and

Gram-negative bacteria.

Figure 2. Characteristics of bacterial isolates macroscopically and microscopically. Characteristics of
P8.1(B) bacterial isolates macroscopically (A1) and microscopically (A2) Characteristics of P7.3(D)
bacterial isolates macroscopically (B1) and microscopically (B2) Characteristics of P7.2(B) bacterial
isolates macroscopically (C1) and microscopically (C2) Characteristics of NA.1(B) bacterial isolates
macroscopically (D1) and microscopically (D2).
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The color difference between Gram-positive and Gram-negative bacteria suggests that the cell
wall structure of the two types of bacteria differs. Gram-positive bacteria have a thick
peptidoglycan content in their cell walls, whereas Gram-negative bacteria have a high lipid
content in their cell walls [31]. The change in the cell wall structure is what generates the color
difference when observed under a microscope. Gram-positive bacteria are purple. After all, the
methylene blue dye complex is preserved even when exposed to an alcohol acetone solution.
In contrast, Gram-negative bacteria are red because the complex is soluble when exposed to
the alcohol solution, allowing the red color of safranin to adhere well to the bacteria.

Macroscopic and microscopic observations of fungal isolates

This fungus has thin conidiophores and spherical conidia under the microscope. The P8.2 B
isolate was also macroscopically brown but slightly faded and exhibited spherical vesicles,
smooth-walled conidiophores, and globose-shaped conidia microscopically. The P7.2 D, PDA1
A, and PDA 3 B isolates were macroscopically green, with white to yellow colonies on the
surface. This fungus possesses conidiophores that radiate and virtually cover the entire vesicle.
Unlike isolates P7.3 B, P8.2 E, and PDA3 B, which were macroscopically green and had brown
exudate droplets. This fungus had brown conidiophores and spherical conidia, according to
microscopic examination.

Figure 3. Macroscopic and microscopic characteristics of the genus Aspergillus sp. Notes: (A:
conidiophores; B: phialides; C: vesicles; D: conidia).

Furthermore, aspergillus colonies were discovered in isolates P7.2 C, P8.1, P8.2 C, and P8.3 B.
All of these isolates had the same macroscopic appearance, that is, grey colonies and
microscopically, these colonies had radiating conidia, thin-walled conidiophores and spherical
vesicles. According to Noerfitryani and Hamzah [33], the macroscopic characteristics of the
fungus Aspergillus sp on PDA media were light green to dark green and black, with a flour-like
texture while the microscopic characteristics were spherical conidia, with septate and hyaline
hyphae. Figure 3 shows the colony morphology of the genus Aspergillus sp. based on the
identification results.
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Aspergillus sp. is a common fungus that plays an essential part in worldwide carbon and
nitrogen recycling. Even though their primary habitat is soil or decaying plants, Aspergillus sp.
generates microscopic hydrophobic conidia that quickly travel into the air and can survive in
various environmental circumstances [34]. Conidia can infiltrate host tissues through wounds,
ingestion, or inhalation (the most common method) [35]. This allows conidia to enter the upper
respiratory tract and reach the alveolus, which binds to surfactant proteins through receptor
recognition [36].

In addition to the genus Aspergillus sp, the Bakong Asdé samples also identified other genera,
namely Trichoderma sp, Trichophyton sp, Blastomyces sp. Trichoderma sp isolates are
saprophytic fungi whose presence can be harmful under certain conditions for
immunocompromised hosts and cause infections from fungal spores such as allergies.
Trichophyton sp. morphological traits can be differentiated depending on the growth of
macroconidia and microconidia. Macroconidia are clavate to fusiform in shape and are generally
connected to the side of the hyphae or on short stalks with thin or thick-walled walls.
Macroconidia, on the other hand, are uncommon in many species. Macroscope observations
revealed a white-green fungus with a cotton-like texture. In addition, the fungus Blastomyces
sp. This fungus can be found in moist soil as well as easily biodegradable objects like leaves or
wood. This mushroom is green on the surface, with white filaments that mimic snow encircling
it. Microscopic examination revealed the existence of branching hyphae containing conidia.
Blastomycosis can be caused by Blastomyces sp contamination.

Conclusions

The analysis revealed the presence of hazardous heavy metal and microbial contaminants in
Bakéng Asdé that could threaten consumer health. Further research is warranted to fully
characterize the risks. Improving production and storage controls should be explored to reduce
contamination. Ongoing monitoring is advisable to guide evidence-based safety
recommendations for this traditional product. The study revealed a dual contamination threat
from toxic metals and disease-causing microbes in Bakdéng Asdéé, warranting further
investigation and risk mitigation efforts to ensure consumer safety.
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