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Abstract

Indonesia ranks as the second-largest global producer of seaweed. To maximize the use of these
resources, innovative seaweed-based food products are being developed. This study evaluates the
prevalence of chemical and microbiological contamination in Indonesian seaweed-based food products.
Microbiological parameters assessed included total viable count, coliforms, Escherichia coli,
Staphylococcus aureus, Vibrio species, Salmonella species, and yeast and mold. Chemical contamination
was evaluated by measuring aflatoxin B1 and conducting a comprehensive assessment of heavy metals.
Results indicated that 20% of samples contained aflatoxin B1 at concentrations ranging from 0.14 to 2.12
png/kg. Heavy metal analysis showed contamination with lead in 50% of samples, arsenic in 35%,
cadmium in 25%, and mercury in 5%. Only 25% of heavy-metal-contaminated samples exceeded the
Indonesian National Standard limits. Microbial counts ranged from fewer than 10 to 10° CFU/g,
coliforms from fewer than 3 to 830 MPN/g, and yeast and molds from fewer than 10 to 10> CFU/g. All
samples had E. coli and S. aureus counts below 10 CFU/g and tested negative for Sa/monella and Vibrio
species. Most products were assessed as safe for consumption. The findings underscore the need for
improved food-processing practices to enhance product quality, ensure higher safety standards, and
increase overall market value.

Introduction

Indonesia ranks as the second-largest seaweed producer globally, following China. With a marine area
of 5.8 million km?, the country is a major contributor to Asia’s seaweed production (FAO, 2018). Despite
this, only 9% of the approximately 12 million hectares of suitable coastal areas are currently utilized for
seaweed cultivation (Ni’mah et al., 2017; van der Heijden et al., 2022). In 2021, total seaweed production
reached 9 million tons. Most of this output consists of raw or dried seaweed, while the remainder serves
as raw material for the food, pharmaceutical, and cosmetic industries (KKP, 2023).

According to the Ministry of Marine Affairs and Fisheries of the Republic of Indonesia, the country
produces several seaweed species, including Kappaphycus alvarezii, Euchema spp., Gracilaria spp., and
Sargassum spp. (KKP, 2023). These species are primarily processed into carrageenan, agar, and alginate
products (KKP, 2023). Despite widespread production of these derivatives, demand for seaweed in the
food sector continues to increase, driven by its recognition as a functional food (Penalver et al., 2020;
Ivanov et al., 2021). This trend is expected to expand utilization across a wide range of food products
and stimulate innovation, leading to the introduction of various seaweed-based products, such as soft
candies, snacks, and biscuits. Most of these products are produced by small-scale industries, which raises
concerns about their quality and safety (van der Heijden et al., 2022). Recent studies highlight that
establishing and maintaining consistent quality parameters for dried seaweed remains a significant
challenge for the industry's future development (Setiowati et al., 2026). For instance, Setiowati et al.
(2024) found that although many parameters for Gracilaria sp. in Central Java are met, several critical
factors—including moisture content, impurities, lead (Pb) levels, and microbial contamination—often
fail to meet specifications due to inconsistent implementation of Good Aquaculture Practices.
Contamination in dried seaweed poses a substantial barrier to industry growth and food safety,
encompassing physical, chemical, and microbiological risks. These contaminants can arise at multiple
stages of the supply chain, from cultivation and harvesting to post-harvest processing and storage. For
example, conventional open-sun drying methods commonly used in Indonesia expose seaweed to dust,
insects, and other environmental pollutants, compromising hygiene and overall product quality (Putri et
al., 2018).

Common physical contaminants, such as sand and mud, result from traditional drying, in which seaweed
is spread on the ground or beaches (Setiowati et al., 2024). Seaweed absorbs minerals from its
environment, so heavy metal buildup is a concern. High Pb levels are a major risk and usually result from
contaminated harvest waters. Studies in places like Saumlaki and Flores show cadmium (Cd) levels from



0.02 to 0.92 mg/kg (Notowidjojo et al., 2021). Some regions have low levels, while others show greater
accumulation due to local conditions. Tin (Sn) and mercury (Hg) are also tracked, but they usually remain
below the detection limit in some Indonesian samples (Notowidjojo et al., 2021). Coliforms, mold, and
yeast are common contaminants in seaweed (Setiowati et al., 2024). Some samples show yeast and mold
counts from 10 to 107 cfu/g (Notowidjojo et al., 2021). High moisture levels, poor hygiene, and poor
water management increase microbial risks. Better drying and stricter hygiene are needed to meet global
quality standards (Setiowati et al., 2026).

Strong regulations and advanced processing are essential for the safe production of seaweed-based foods
(Stévant and Rebours, 2021; Cotas et al., 2024). Without clear national regulations or industry standards,
there is a global gap in seaweed food safety that needs urgent attention (Ibrahim et al., 2025). Small and
medium-sized businesses, in particular, struggle with unclear regulations, making it harder to invest in
better practices and quality control.

A comprehensive evaluation of food safety requires detailed consideration of chemical and
microbiological risks. A complete understanding of these two parameters is imperative to ensure quality
assurance and consumer protection. Exposure to chemical contaminants, such as aflatoxin and heavy
metals like arsenic (As), Pb, Hg, and Cd, can lead to serious health concerns, including cancer,
particularly at elevated levels (Choudhury et al., 2022). According to the World Health Organization
(2024), microbiological contamination, including pathogens such as Escherichia coli, Salmonella spp.,
and Vibrio spp., is responsible for many foodborne illnesses. Symptoms of this condition include fever,
headache, vomiting, abdominal pain, and diarrhea. These contaminants can arise during manufacturing,
and a high level of microbiological contamination may indicate substandard handling practices.
Implementing proper hygiene measures and following good manufacturing practices have been proposed
as effective measures to control and prevent such contamination (Tropea, 2022).

Contamination risks encountered during harvesting, processing, and packaging pose significant
challenges to the safety of seaweed-based food products. This study systematically assesses the chemical
and microbiological quality of seaweed-based processed products in Indonesia. The findings underscore
the necessity for accessible product safety information for both consumers and producers and support
recommendations to enhance product quality and safety.

Materials and Methods

Materials

The samples utilized in this study are processed local seaweed products of various types obtained from
varied regions across Indonesia. A total of 20 products were collected. Agar powder products were
collected from multiple cities in Indonesia, including Malang, Yogyakarta, and Jakarta Special Province
on Java Island. In addition, the collection included biscuits, jelly candy, and seaweed stick snack products
from Lombok, West Nusa Tenggara, Indonesia. Carrageenan and dried seaweed products were obtained
from Surabaya, East Java, Indonesia. Seaweed powder seasoning and raw seaweed crackers were
obtained from Makassar, South Sulawesi, Indonesia. Lastly, seaweed salt products and snacks were
obtained from West Java, Indonesia. All chemicals and microbiological media were from Merck (Merck
KGaA, Darmstadt, Germany), unless otherwise stated.

Methods

Aflatoxin Bl analysis

Aflatoxin B1 analysis was performed using a liquid chromatography-tandem mass spectrometry (LC-
MS) system (LCMS-8060, Shimadzu, Kyoto, Japan). A mixed standard solution of mycotoxins was
prepared in 2-mL amber vials. A 2-g sample of the test portion was weighed into a 50-mL Falcon tube,
then ultrapure water was added and vortex-mixed. Thereafter, a measured volume of extraction solvent
was added, and the mixture was shaken mechanically. Purification was then initiated using QUEChERS



CEN salts, followed by a series of manual shaking and centrifugation steps. The resultant upper layer
underwent dispersive solid-phase extraction clean-up techniques, and the purified extract was filtered
into 2 mL amber vials before being introduced into the LC-MS/MS system. Chromatographic separation
was achieved using a C18 column with a gradient elution system, where the mobile phase comprised
0.1% formic acid in ultrapure water (Phase A) and 0.1% formic acid in acetonitrile (Phase B). The flow
rate was set at 0.4 mL/min using a gradient pump system.

Heavy metal analysis

The analysis of heavy metals (As, Hg, Pb, Cd, and Sn) was carried out using inductively coupled plasma
mass spectrometry (ICP-MS 7900, Agilent Technologies, Palo Alto, USA). A calibration curve was
prepared with at least six concentration points, and a precise amount of the sample between 0.5 and 1.5
g was weighed, or an appropriate volume of the liquid test portion was pipetted into a digestion vessel.
A 10-mL solution of concentrated nitric acid (HNO3) was added, and the mixture was left to stand. The
vessel was then sealed and subjected to microwave digestion with a ramp program to 150°C for 10
minutes, followed by a hold at 150°C for an additional 15 minutes. After digestion, the sample solution
was cooled and transferred into a 50-mL volumetric flask. The digestion vessel was then rinsed
quantitatively with double-distilled water, and the rinsing solution was combined with the digested
sample in the volumetric flask. Next, 0.4 mL of an internal standard mixture of Ge, In, Bi, and Rh (10
mg/L) was added to the sample, followed by dilution to the calibration mark with ultrapure water. The
analytes As and Hg were then mixed with the internal standard Ge, while the analytes Po and Po were
mixed with the internal standard Bi. Similarly, the analytes Cd and Sn were mixed with the internal
standard In. The solution was subsequently homogenised and filtered using a 0.29-um syringe filter.
Finally, the analyte concentrations in the prepared solution were measured using I[CP-MS.

Microbiological analysis

Enumeration of total viable count, Escherichia coli, yeast, and molds

For sample preparation, 25 g of the sample was aseptically weighed and homogenized with 225 mL of
0.85% NaCl solution using a stomacher (Stomacher-80, Seward, England) for 120 seconds at room
temperature. Serial dilutions were prepared in the same diluent, and 0.1 mL or 1 mL aliquots of the
appropriate dilutions were plated in duplicate using the pour plate or spread plate method on the following
media: Plate Count Agar for total viable count (TVC), the plates were incubated at 37°C for 48 hours;
Tryptone Bile Glucuronic Agar (HiMedia Laboratories, India) for E. coli, followed by incubation at 37°C
for 48 hours; and Potato Dextrose Agar for yeast and mould, the plates were incubated at 25°C for 72
hours. Following the incubation period, characteristic colonies for each microbial group were
enumerated, and the results were expressed as colony-forming units per gram (CFU/g).

Enumeration of coliforms

Coliform enumeration was executed using the most probable number (MPN) method. A 1-mL aliquot of
each appropriate dilution was inoculated into three tubes of Lactose Broth and incubated at 37°C for 24-
48 hours (presumptive test). Positive tubes showing turbidity and gas production were further analyzed
by transferring 1 loopful from each tube into 10 mL of Brilliant Green Lactose Bile Broth (Oxoid, UK)
and incubating at 37°C for 48 hours to confirm the results.

Detection of Salmonella spp.

Salmonella spp. Detection was performed according to ISO Standard No. 6579-1:2017 (ISO, 2017a) by
suspending 25 g of the sample in 225 mL of Buffered Peptone Water (BPW) and incubating at 37°C for
24 hours (pre-enrichment). A 0.1 mL aliquot of the culture was then transferred to 10 mL of Rappaport-



Vassiliadis selective enrichment broth and incubated at 41°C for 24 hours (selective enrichment).
Following enrichment, the culture was streaked onto Xylose Lysine Deoxycholate agar and incubated at
37°C for 24 hours. Confirmation of colonies was performed using a set of biochemical tests, including
Triple Sugar Iron (TSI) agar, Urea agar, L-Lysine Decarboxylase Broth, $-Galactosidase, and Indole
tests. Serological confirmation was facilitated by agglutination with anti-O, anti-H, and anti-Vi sera.

Enumeration and detection of Staphylococcus aureus

Enumeration of S. aureus was conducted according to ISO Standard No 6888-1:2021A (ISO, 2021). A
25 g sample was aseptically homogenized in 225 mL of BPW and then serially diluted. A 0.1 mL aliquot
was spread in duplicate onto Baird-Parker Agar and incubated at 37°C for 24 hours. Positive colonies
appeared as black or grey, shiny, convex colonies surrounded by a clear or opaque halo were inoculated
into Brain Heart Infusion Broth and incubated at 35°C for 24 hours. Then, 0.1 mL of the culture was
mixed with 0.3 mL of rabbit plasma and incubated at 35°C for 5 hours. A positive result was indicated
by visible clot formation.

Detection of Vibrio spp.

The detection of Vibrio spp. was performed in accordance with ISO Standard No. 21872-1:2017 (ISO,
2017b). A 25 g sample was homogenized in 225 mL of Alkaline Saline Peptone Water and incubated at
37°C for 6-24 hours. For the isolation and identification of the enriched cultures, the samples were
streaked onto Thiosulfate Citrate Bile Salts Sucrose agar and incubated at 37°C for 24 hours. The
biochemical confirmation process included performing oxidase, Gram staining, motility, and
decarboxylase tests.

Results and Discussion

Aflatoxin Bl contamination

Contamination risks during harvesting, processing, and packaging increasingly challenge the safety of
seaweed-based food products. Fungal contamination, particularly in dried seaweed, is a significant
concern due to the potential presence of mycotoxin-producing fungi, including Aspergillus and
Penicillium species (Cotas et al., 2024). These fungi can proliferate under improper drying, storage, or
handling conditions, especially in warm, humid climates such as those in Indonesia (Abdullah et al.,
2024). Inadequate moisture reduction during drying or storage in high-humidity environments
substantially increases the risk of fungal growth. Given these challenges (Soethoudt et al., 2022; Farghl
et al.,2023), this study provides a comprehensive assessment of the quality of Indonesian seaweed-based
food products. The findings underscore the importance of accessible product safety information for both
consumers and producers and offer recommendations to enhance overall product quality and safety.
Aflatoxin Bl is a highly toxic mycotoxin with carcinogenic and hepatotoxic effects. Fungal
contamination may occur in seaweed, especially in dried seaweed, if drying and storage conditions are
inadequate, thereby increasing the risk of mycotoxin production (Li et al., 2018). Monitoring and
quantifying aflatoxins, particularly aflatoxin B1, in seaweed products is critical for public health
protection, as these toxins cannot be neutralized through conventional cooking methods (Julyasih and
Purnawati, 2019). Although aflatoxin contamination is a widespread concern in various food products,
including peanuts and corn, data on its prevalence in seaweed-based products remain limited in the
literature.

As indicated in Table 1, many seaweed-based processed food products exhibited no detectable levels of
aflatoxin B1. However, certain products, such as seaweed noodles and snacks, tested positive for traces
of aflatoxin B1 contamination. Currently, no specific regulations limit mycotoxin contamination in
processed seaweed products in Indonesia. However, Regulation No. 18 of 2018, promulgated by the
Indonesian Food and Drug Authority (BPOM, 2018), stipulates a maximum permissible limit of 15 ppb



(mcg/kg) for aflatoxin B1 contamination in processed foods. The analysis showed that all the tested
seaweed products were within this permissible limit. Knowing that none of the tested samples exceeded
regulatory limits for aflatoxin provides significant assurance of consumer safety, as chronic exposure to
aflatoxin B1 has been linked to liver cancer, immunosuppression, and growth impairment (Nazareth et
al., 2024). Aflatoxin B1 contamination is notably concerning because it is one of the most potent
naturally occurring carcinogens, harming both human and animal health. Rushing and Selim (2019)
reported that aflatoxin B1, a toxin produced by Aspergillus fungi, poses an important carcinogenic and
highly toxic threat, thereby increasing the risk of cancer. The relatively low levels of aflatoxin Bl
detected in Indonesian seaweed products could be attributed to the production and processing methods
used. Certain drying techniques, such as sun-drying and controlled mechanical drying, have been
reported to reduce fungal contamination and mycotoxin production by limiting moisture levels and
inhibiting fungal growth (Semple et al., 1989). Additionally, differences in harvesting and post-harvest
handling practices, as well as geographical and climatic conditions, may help minimize aflatoxin
contamination in these products.

Mycotoxin contamination in seaweed products has been documented, demonstrating a broader concern
for these secondary metabolites across diverse aquatic-derived foodstuffs (Li et al., 2018; Jacubczyk et
al., 2024). This stresses the importance of strict quality-control measures in seaweed and microalgae
production to ensure food safety and regulatory compliance.

Heavy metals contamination

Heavy metal contamination in food products represents a critical public health concern due to its potential
toxicity and long-term health risks. As a marine-derived food source, seaweed can accumulate heavy
metals from surrounding waters, necessitating routine monitoring to ensure consumer safety.

The results of heavy metals analysis is presented in Table 2, indicating that 35% of samples contained
As and 50% contained Pb, while approximately 40% were free of heavy metal contamination.
Consumption of heavy metals in food can result in serious health effects, including nervous system
disorders, brain damage, paralysis, growth inhibition, kidney damage, DNA damage, brittle bones, and
cancer (Jairoun et al., 2020; Prashant et al., 2025). Sources of contamination include environmental
pollution in water and soil, which may increase during distribution (Begum et al., 2023).

Additionally, metal equipment used in handling and processing can contribute to heavy metal
contamination (Morgan, 1999). The fluctuating levels of heavy metal accumulation in seaweed are
largely influenced by the specific cultivation or extraction site, underscoring the necessity for localised
analyses rather than broad generalizations (Khandaker ef al., 2021).

In this study, no significant correlation was found between the type of seaweed-based product or the
geographical origin of the samples and contamination with any of the heavy metals analyzed (p>0.05).
This lack of correlation may be attributed to multiple factors, including variations in environmental
exposures that are not region-specific. Additionally, post-harvest handling and processing practices, such
as washing, drying, and packaging, may have contributed to reduced contamination levels across sample
types. The absence of correlation indicates that contamination is more likely to be affected by sporadic
environmental pollution events rather than by a consistent regional trend. Additional investigation into
the specific sources of contamination, including industrial discharge, agricultural runoff, and atmospheric
deposition, is necessary to fully understand the mechanisms determining heavy metal accumulation in
seaweed-based products.

According to the Indonesian National Standard (SNI) (BSN, 2015a) 2802:2015, the maximum
permissible level of As contamination in agar powder is 3 mg/kg. The agar powder products in this study
did not exceed this limit. However, for dried seaweed products, seaweed powder exceeded the 1.0 mg/kg
As limit stipulated by SNI 2690:2015 (BSN, 2015b). Furthermore, salt products exceeded the 0.1 mg/kg
As limit stipulated by SNI 3556:2016 (BSN, 2016a). Moreover, the analysis showed that certain



seaweed-based snack products exceeded the 0.25 mg/kg As limit stipulated by SNI 2886:2015 (BSN,
2015¢).

Furthermore, Cd contamination was detected in 25% of the samples, predominantly in snack products.
However, the Cd levels in seaweed powder and snacks were within the safe limits of 0.1 mg/kg and 0.2
mg/kg, respectively, as stipulated by SNI 2690:2015 and SNI 2886:2015. While Hg contamination was
observed in one out of twenty samples, it was within the permissible limit of 0.5 milligrams per kilogram
for dried seaweed products, as stipulated by SNI 2690:2015. The study showed that half of the samples
contained Pb. Agar powder and seaweed noodles were within the safe limits of 3 mg/kg and 2 mg/kg,
respectively, as stipulated by SNI 2802:2015 and SNI 01-3551-2000 (BSN, 2000). However, certain
dried seaweed products exceeded the 0.3 mg/kg Pb limit stipulated in SNI 2690:2015. Conversely, none
of the snack products exceeded the 0.25 mg/kg Pb limit stipulated by SNI 2886:2015. Notably, all
samples were found to be free from Sn contamination.

Microbiological contamination

Microbiological safety in seaweed-based food products is essential for consumer health and product
quality. Contamination may occur during harvesting, processing, packaging, or storage, necessitating
routine microbiological assessment. (Barberi et al., 2019). Elevated microbial loads can indicate
inadequate hygiene, suboptimal processing, or environmental contamination, presenting health risks. In
this study, microbiological analyses were performed in accordance with SNI, ISO, and Food and Drug
Administration guidelines, assuring reliable detection and quantification of microbial contaminants and
providing important insights into product hygiene and safety. The microbiological contamination of
seaweed food base food product is presented in Table 3, the findings indicated that total plate counts
varied substantially across samples, with some exceeding established regulatory limits for microbial load
in food products. Specifically, a substantial proportion of samples showed elevated aerobic plate counts,
implying possible sanitation issues during production or storage.

TVC parameter assessed the bacteria levels in seaweed-based processed products, yielding variable
results. The significance of the TVC in food testing is emphasized by its capacity to reveal the extent of
bacterial contamination. Assessing this parameter can serve as an indicator of product hygiene,
consequently contributing to product safety assessment (Wei et al., 2023). The quantity of bacteria in
food is categorized as high or low based on the food category stipulated by regulation. According to the
TVC limits stipulated by the SNI 2802:2015 and the Indonesian Food and Drug Authority (BPOM, 2019)
Regulation No. 13 of 2019, which specify a limit of 10° colonies/g for agar products, most agar powder
samples exceeded this limit. Conversely, biscuit products were safe, as the maximum TVC limit is 5x10*
colonies/g, as stipulated by SNI 2973:2022 (BSN, 2022). The elevated TVC in agar powder may be due
to inadequate drying, which can retain moisture and promote microbial growth.

In contrast, the lower TVC in biscuits is attributed to baking, which effectively reduces the microbial
load by lowering water activity. These differences show the critical role of proper drying in agar powder
production and the microbial inactivation achieved through heat treatment in baked products (Alp and
Bulantekin, 2021). Carrageenan products were within the acceptable limit of 5x10° colonies/g, as
specified by SNI 8391-1:2017 (BSN, 2017). According to BPOM Regulation No. 13 of 2019, the
maximum TVC for dried seaweed is 10° colonies/g; thus, the dried seaweed sample was safe. However,
the seaweed powder sample exceeded this limit.

Those findings are consistent with broader observations that the traditional processed squid, for instance,
frequently exceeds acceptable TVC limits set by various food safety authorities, showing a widespread
challenge in maintaining microbial quality in certain processed seafood products (Subuntith ez al., 2021).
This frequently stems from insufficient post-processing hygiene, leading to recontamination, or from
inadequate drying, which fails to suppress microbial proliferation (Zhang et al., 2025). These variables
collectively compromise product shelf-life and heighten public health risks. The microbial load,



particularly high initial bacterial counts, significantly affects the shelf life and sensory quality of seaweed
products, though it doesn't always directly indicate that a product is unsafe. However, even at low levels,
the presence of specific pathogenic microorganisms or toxigenic bacteria can still pose major health
threats (Lovdal et al., 2021). It is essential to note that while some studies suggest a 7-log threshold for
acceptable contamination in vegetable products, this does not universally apply to seaweed products,
especially fermented varieties, where high bacterial counts are vital to product safety and characteristics
(Wirenfeldt, 2023).

The safety of seaweed jelly candies was assessed using a TVC limit of 5x10% colonies/g, as specified in
SNI 3574.2-2008(BSN, 2008). Furthermore, seaweed noodles were within the permissible limit of 1x10°
colonies/g, as stipulated by SNI 01-3551-2000. Moreover, the SNI 8272-2016 (BSN, 2016b) standard,
which pertains to raw fish, shrimp, and mollusc crackers, stipulates a TVC limit of 10° colonies/g,
securing the safety of raw cracker products. Furthermore, seaweed-based seasoning salt had a TVC
within the acceptable limit of 10* colonies/g, as stipulated by BPOM Regulation No. 13 of 2019.
However, processed seaweed snacks, which have a maximum limit of 10* colonies/g, exceeded this limit.
However, the remaining products generally exhibited low viable count numbers and were within the
established safety limit.

At the same time, certain products also tested positive for coliform bacteria, suggesting faecal
contamination (Lytou ef al., 2021). The presence of these indicator organisms underscores the need for
strict hygienic practices throughout the supply chain and robust microbial testing protocols to reduce
potential public health risks (Sinurat et al., 2023). The coliform contamination test is a key tool in
assessing food safety, as it identifies potential hygiene deficiencies that may occur during various stages
of food handling, production, processing, and storage (Ghosh et al., 2020). Examining coliform
contamination is imperative because it is strongly associated with foodborne disease outbreaks. This
contamination can also occur when uncooked water is used during food processing (Naratama and
Santoso, 2020). A study revealed that 80% of samples had coliform levels below 3 MPN/g, indicating
their safety. However, certain products exhibited elevated coliform levels, reaching up to 800 MPN/g,
which exceeds the permissible limit of 3 MPN/g stipulated by BPOM Regulation No.
HK.00.06.1.52.4011 of 2009 (BPOM, 2009). Agar powder, seaweed powder, and seaweed noodles
exceeded this limit.

Contamination by yeast and mould can occur when airborne contaminants encounter food surfaces. Yeast
and mould are microorganisms capable of surviving within environments not conducive to bacterial
growth. These organisms can endure various environmental stresses, including low pH, low water
activity, and elevated salt or sugar concentrations. Notably, the presence of yeast and mold in food can
constitute significant health risks, as they can lead to food deterioration and, in turn, produce mycotoxins,
toxic substances capable of causing cancer (Mendonca et al., 2020). A recent study on yeast and mold
testing revealed that 80% of the samples were within the acceptable limits (<10 colonies/g). However,
two products exceeded the established limits. Specifically, one agar powder product exceeded the 3x10?
colonies/g limit stipulated by SNI 2802:2015, while seaweed crackers exceeded the 10? colonies/g limit
established by BPOM Regulation No. 13 of 2019. These elevated mold and yeast counts often signal
inadequate sanitation during processing or improper storage conditions that favor fungal proliferation,
impairing both product quality and consumer safety.

The Food and Drug Administration (2019) asserts that E. coli, a pathogenic bacterium, poses a health
risk if ingested. The bacterium can cause gastrointestinal illness, ranging from mild symptoms to serious
complications, and some types can even lead to life-threatening infections. Contamination by E. coli can
occur through its presence in water or through inadequate hygienic practices that allow the bacteria to
contaminate food products during processing. Notably, the study found no evidence of E. coli
contamination, with a detection limit of 10 colonies per gram in the samples examined.



Concurrently, all samples were negative for Sa/monella spp. and Vibrio spp., indicating no contamination
by these pathogens. Salmonella spp. is a primary cause of life-threatening foodborne diseases due to its
rapid growth potential (Lipi et al., 2023). Vibrio sp. has also been identified as a pathogenic bacterium
that frequently causes gastroenteritis. Both Salmonella spp. and Vibrio spp. have been identified in
fishery products. Consuming these bacteria can lead to health complications, especially when food is
undercooked or raw.

The study's results showed that 30% of the samples exceeded the maximum TVC limit, 20% exceeded
the coliform limit, and 10% exceeded the yeast and mould limit. Notably, no E. coli, Salmonella sp., or
Vibrio sp. was detected in any of the samples, indicating good hygiene and sanitation practices.

Conclusions

The tests on seaweed-based processed products revealed that most samples were not contaminated with
aflatoxin B1. However, a small percentage of the samples showed traces of the toxin, with levels well
within the safety limits stipulated by the SNI. These data were corroborated by the Indonesian Food and
Drug Authority, which confirmed that the levels of aflatoxin Bl in the samples were well below the
permissible limits defined by guidelines. Chemical contamination was detected in 35% of the samples,
with As and Pb being identified as the primary contaminants. Notably, the levels of these contaminants
were well within the safety limits stipulated by the SNI. No pathogenic bacteria, including E. coli, S.
aureus, Salmonella sp., and Vibrio sp., were detected. However, some samples exceeded safety standards
for TVC, particularly in agar powder and specific snacks, and exhibited elevated coliform levels.
Although most products were deemed safe, the findings indicate a need to improve food-processing
practices to enhance quality, safety, and market value. The study highlights the importance of refining
quality standards and regulations, particularly for seaweed-based products, where more specific
guidelines are urgently required. Producers should prioritize implementing good aquaculture practices
and good manufacturing practices. Regular, mandatory staff training can help small- and medium-scale
processors improve operational standards and reduce contamination risks. Establishing clear, product-
specific safety and quality standards tailored to various seaweed-based foods is essential. Collaboration
among industry groups, academic institutions, and government agencies can facilitate the dissemination
of technical guidelines and best practices. Expanding access to laboratory analysis services for small
producers and providing incentives for compliance can further promote the consistent production of safe,
high-quality seaweed products.

References

Abdullah R, Kamarozaman NS, Abdullah SS, Aziz MY, Aziza HBA,2025. Health risks evaluation of
mycotoxins in plant-based supplements marketed in Malaysia. Sci Rep 15:1244.

Alp D, Bulantekin O, 2021. The microbiological quality of various foods dried by applying different
drying methods: a review. Eur Food Res Technol 247:1333-13343.

Barberi ON, Byron CJ, Burkholder KM, Gelais AT, Williams AK, 2019. Assessment of bacterial
pathogens on edible macroalgae in coastal waters. J Appl Phycol 32:683-96.

Begum R, Akter R, Dang-Xuan S, Islam S, Siddiky NA, Uddin AA, Lindah JF, 2023. Heavy metal
contamination in retailed food in Bangladesh: a dietary public health risk assessment. Front
Sustain Food Syst 7:1085809.

BPOM RI, 2009. Peraturan Kepala Badan Pengawas Obat dan Makanan Republik Indonesia Nomor
HK.00.06.1.52.4011 Tentang Penetapan Batas Maksimum Cemaran Mikroba dan Kimia Dalam
Makanan. Badan Pengawas Obat dan Makanan Republik Indonesia ed., Jakarta, Indonesia.
[Regulation in Indonesian].



BPOM RI, 2018. Peraturan Badan Pengawas Obat dan Makanan Nomor 8 Tahun 2018 Tentang Batas
Maksimum Cemaran Kimia dalam Pangan Olahan. Badan Pengawas Obat dan Makanan
Republik Indonesia ed., Jakarta, Indonesia. [Regulation in Indonesian].

BPOM RI, 2019. Peraturan Badan Pengawas Obat dan Makanan Nomor 13 Tahun 2019 Tentang Batas
Maksimal Cemaran Mikroba Dalam Pangan Olahan. Badan Pengawas Obat dan Makanan
Republik Indonesia ed., Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2000. Syarat Mutu Mi Instan (SNI 01-3551-2000). Badan Standardisasi Nasional ed., Jakarta,
Indonesia. [Regulation in Indonesian].

BSN, 2008. Syarat Mutu Kembang Gula-Bagian 2: Lunak (SNI 3547.2-2008). (regulation in Indonesian).
Badan Standardisasi Nasional ed., Jakarta, Indonesia.

BSN, 2015a. Syarat Mutu Agar-agar Tepung (SNI 2802:2015). Badan Standardisasi Nasional ed.,
Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2015b. Syarat Mutu dan Keamanan Rumput Laut Kering (SNI 2690:2015). Badan Standardisasi
Nasional ed., Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2015c. Syarat Mutu Makanan Ringan Ekstrudat (SNI 2886:2015). Badan Standardisasi Nasional
ed., Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2016a. Syarat Mutu Garam Konsumsi Beriodium (SNI 3556:2016). Badan Standardisasi Nasional
ed., Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2016b. Syarat Mutu Kerupuk Ikan, Udang, dan Moluska (SNI 8272:2016). Badan Standardisasi
Nasional ed., Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2017. Syarat Mutu Karaginan Murni (SNI 8391-1-2017). Badan Standardisasi Nasional ed.,
Jakarta, Indonesia. [Regulation in Indonesian].

BSN, 2022. Syarat Mutu Biskuit (SNI 2973-2022). Badan Standardisasi Nasional ed., Jakarta, Indonesia.
[Regulation in Indonesian].

Choudhury S, Medina-Lara A, Smith R, Daniel N, 2022. Research on health impacts of chemical
contaminants in food. Bull World Health Organ 100:180-180A.

Cotas J, Tavares JO, Silva R, Pereira L, 2024. Seaweed as a safe nutraceutical food: how to increase
human welfare? Nutraceuticals 4:323-62.

Farghl AAM, El-Sheekh MM, El-Shahir AA, 2023. Seaweed extracts as biological control of aflatoxins
produced by Aspergillus parasiticus and Aspergillus flavus. Egypt J Biol Pest Control 33:50.

Food and Agriculture Organization, 2018. The state of world fisheries and agriculture: meeting the
sustainable development goals. Rome, Italy.

Food and Drug Administration, 2019. Escherichia coli (E. coli). Available from:
https://www.fda.gov/food/foodborne-pathogens/escherichia-coli-e-coli.

Ghosh S, Nurain N, Hasan MF, Raihan MM, Akter F, 2020. Identification of coliform in common street
food and associated factors of contamination in Noakhali, Bangladesh: a cross-sectional study.
Asian Food Sci J 18:12-22.

ISO, 2017a. Microbiology of the food chain, horizontal method for the detection, enumeration, and
serotyping of Salmonella Part 1: detection of Salmonella spp. ISO Norm 6579-1:2017/Amd
1:2020. International Standardization for Organization ed., Geneva, Switzerland.

ISO, 2017b. Microbiology of the food chain, horizontal method for the determination of Vibrio spp. Part
1: detection of potentially enteropathogenic Vibrio parahaemolyticus, Vibrio cholerae, and Vibrio
vulnificus. ISO Norm 21872-1:2017. International Standardization for Organization ed., Geneva,
Switzerland.

ISO, 2021. Microbiology of the food chain, horizontal method for the enumeration of coagulase-positive
staphylococci (Staphylococcus aureus and other species). Part 1: method using Baird-Parker agar
medium. ISO Norm 6888-1:2021/Amd 1:2023. International Standardization for Organization
ed., Geneva, Switzerland.



Ibrahim S, Majumder A, Haq R, Logesh K, Eswarl, Hariprakash M, Kumar SD. 2025. Seaweed minerals:
unlocking functional food potential from an Indian perspective. Discover Oceans 2:38.

Ivanov V, Shevchenko O, Marynin A, Stabnikov V, Gubenia O, Stabnikova O, Schevchenko A, Gavva
O, Saliuk A, 2021. Trends and expected benefits of the breaking edge food technologies in 2021—
2030. Ukrainian Food J 10:7.

Jairoun AA, Shahwan M, Zyoud SH, 2020. Heavy metal contamination of dietary supplements products
available in the UAE markets and the associated risk. Sci Rep 10:18824.

Jakubczyk K, Melkis K, Dalewski B, Janda-Milczarek K, 2024. Assessment of antioxidant properties
and mycotoxin profile of commercial spirulina supplements. Food Biosci 62:105461.

Julyasih K, Purnawati A, 2019. Potensi Rumput Laut Dalam Menghambat Pertumbuhan Jamur
Aspergillus flavus. (article in Indonesian). Agrotrop J Agric Sci 9:82-6. [Article in Indonesian].

Khandaker MU, Chijioke NO, Heffny NAB, Bradley DA, Alsubaie A, Sulieman A, Faruque MRI,
Sayyed MI, Al-mugren KS, 2021. Elevated concentrations of metal(loids) in seaweed and the
concomitant exposure to humans. Foods 10:381.

KKP, 2023. Profil pasar rumput laut Indonesia. Jakarta. [Material in Indonesian]. Available from:

https://kkp.go.id/storage/Materi/profil-pasar-rumput-laut66753a465fe09/materi-66753a4696928.pdf.

LiY,Sun M, Mao X, You Y, Gao Y, Yang J, Wu, Y, 2018. Mycotoxins contaminant in kelp: a neglected
dietary exposure pathway. Toxins 10:481.

Lipi JA, Runu UH, Majumdar PR, Hasan MMI, Hossain, MB, 2023. Microbiological evaluation of ready
to eat product of Horina (Metapenaeus Monoceros) shrimp at a sea food industry of Bangladesh.
Int J Fish Aqua Stud 11:40-3.

Lovdal T, Lunestad BT, Myrmel M, Rosnes JT, Skipnes D, 2021. Microbiological food safety of
seaweeds. Foods 10:2719.

Lytou AE, Schoina E, Liu Y, Michalek K, Stanley MS, Panagou EZ, Nychas GJE, 2021. Quality and
safety assessment of edible seaweeds Alaria esculenta and Saccharina latissima cultivated in
Scotland. Foods 10:2210.

Mendonca A, Thomas-Popo E, Gordon A, 2020. Chapter 5 - Microbiological considerations in food
safety and quality systems implementation. In: Food safety and quality systems in developing
countries. Academic Press, London, UK; pp 185-260.

Morgan J, 1999. Effects of processing on heavy metal content of foods. Adv Exp Med Biol 459:195-211.

Naratama MR, Santoso I, 2020. Non-fecal and fecal coliform tests of ready-to-eat food and drinks using
fluorogenic and chromogenic media. J Phys Conf Ser 1442:012064.

Nazareth TM, Soriano Pérez E, Luz C, Meca G, Quiles JM, 2024. Comprehensive review of aflatoxin
and ochratoxin a dynamics: emergence, toxicological impact, and advanced control strategies.
Foods 13:1920.

Ni’'mah YL, Suprapto S, Ilmi MM, Agustin NI, Ameswari VD, 2017. Determination of shelf life with
accelerated shelf life testing (ASLT) in beverage seaweed. IPTEK J Proc Series 4:156.

Notowidjojo L, Ascobat P, Bardosono S, Tjahjana J, 2021. The potential of seaweed salt as an alternative
low natrium salt: safety and sensory test. World Nutrition J 5:47.

Penalver R, Lorenzo JM, Ros G, Amarowicz R, Pateiro M, Nieto G, 2020. Seaweeds as a functional
ingredient for a healthy diet. Mar Drugs 18:301.

Putri NP, Sanjaya AS, Sari NK, Sari RP, Bindar Y, 2018. Carrageenan Extracted from Eucheuma cottonii
Through Variant of Drying Time. MATEC Web of Conf 156:02014.

Prashant N, Sangwan M, Singh P, Das P, Srivastava U, Bast F, 2025. Anti-nutritional factors and heavy
metals in edible seaweeds: challenges, health implications, and strategies for safer consumption.
J Food Compos Anal 140:107283.

Rushing BR, Selim MI, 2019. Aflatoxin Bl: a review on metabolism, toxicity, occurrence in food,
occupational exposure, and detoxification methods. Food Chem Toxicol 124:81-100.




Setiowati AD, Isharyadi F, Sinurat E, Damayanti NTE, Susanto DA, Kristiningrum E, Suroto DA,
Setyaningsih W, 2024. Improving the quality of dried seaweed (Gracilaria sp.) through the
implementation of good aquaculture practices (GAP) in Brebes, central Java. Int J Des Nat
Ecodyn 19:1019.

Setiowati AD, Susanto DA, Kristiningrum E, Isharyadi F, Sinurat E, Suroto DA, Setyaningsih, W, 2026
Quality parameters of dried seaweed: challenges and future directions. CABI Reviews 21.
Sinurat E, Fransiska D, Utomo BSB, Subaryono S, Nurhayati N, 2023. Characteristics of powder agar
extracted from different seaweeds species and locations. Available from:

https://doi.org/10.21203/rs.3.rs-2627637/v1.

Soethoudt JM, Axmann H, Kok MG, 2022. Indonesian seaweed supply chain : analysis and opportunities.
Wageningen Food & Biobased Research, Wageningen, Netherlands.

Stévant P, Rebours C, 2021. Landing facilities for processing of cultivated seaweed biomass: a
Norwegian perspective with strategic considerations for the European seaweed industry. J Appl
Phycol 33:3199-214.

Subuntith N, Pornpimon S, Nanticha R, Traimat B, Verapong V, 2021. Biosafety, bacteriological quality
and strategy of biopreservative administration for controlling spoilage bacteria in Thai traditional
dried seafood products. Afr J Microbiol Res 15:512-21.

Semple RL, Frio AS, Hicks PA, Lozare, JV, 1989. Mycotoxin prevention and control in foodgrains.
Available from: https://www.fao.org/4/x5036e/x5036E00.htm#Contents.

Tropea A, 2022. Microbial contamination and public health: an overview. Int J Environ Res Public
Health 19:7441.

van der Heijden PGM, Lansbergen R, Axmann H, Soethoudt H, Tacken G, van den Puttelaar J,
Rukminasari N, 2022. Seaweed in Indonesia: farming, utilization and research.
(Report/Wageningen Centre for Development Innovation; No. WCDI-22-220). Wageningen
Centre for Development Innovation. Available from: https://doi.org/10.18174/578007.

Wei W, Zhang F, Fu F, Sang S, Qiao Z, 2023. Rapid detection of total viable count in intact beef dishes
based on NIR hyperspectral hybrid model. Sensors 23:9584.

World Health Organization, 2024. Food safety. Available from: https://www.who.int/news-room/fact-
sheets/detail/food-safety.

Wirenfeldt CB, 2023. Processing of Seaweed and the Effects on Food Quality and Safety. Technical
University of Denmark. Available from: https://backend.orbit.dtu.dk/ws/files/338777927/Thesis-
FINAL-250423.pdf.

Zhang J, Ding T, Ahn J, Zhang Z, Liao X, 2025. Tracing microbial hazards in the aquatic supply chain:
challenges, technologies, and future directions. Front Nutr 12:1673037.




Table 1. Aflatoxin B1 contamination in seaweed-based food products (mcg/kg).

No | Product/origin Aflatoxin Bl
1 Agar powder (Malang, East Java) nd
2 Agar powder (Yogyakarta, Java) nd
3 Agar powder (DKI Jakarta, Java) nd
4 Seaweed biscuit with chocolate filling (Lombok) nd
5 Seaweed biscuit with tiramisu filling (Lombok) nd
6 Carageenan (Surabaya, East Java) nd
7 Seaweed (dried) spinossum (Surabaya, East Java) nd
8 Seaweed powder (Makasar, Sulawesi) nd
9 Seaweed jelly candy (Lombok) nd
10 Seaweed jelly fruit candy (Lombok) nd
11 Seaweed instant noodle (Karawang, West Java) 0.3
12 | Agar noodle strips (Karawang, West Jawa) nd
13 Raw seaweed cracker (Makasar, Sulawesi) nd
14 Seaweed salt (West Java) nd
15 Snack seaweed chips (Bekasi, West Java) nd
16 Snack seaweed chips (Pangandaran, West Java) 0.14
17 Snack seaweed crackers (Bekasi, West Java) 2.12
18 Snack seaweed pilus (Bekasi, West Java) nd
19 Snack seaweed stick (Lombok) nd
20 Snack seaweed tortila (Bekasi, West Java) 1.16

Table 2. Heavy metal contamination in seaweed-based food products (mg/kg

).

No | Product/origin Arsenic | Cadmium | Mercury Lead Tin
1 Agar powder (Malang, East Java) 0.1 nd nd 0.12 nd
2 Agar powder (Yogyakarta) nd nd nd 0.13 nd
3 Agar powder (DKI Jakarta) nd nd nd 0.12 nd
4 Seaweed biscuit with chocolate filling (Lombok) nd nd nd nd nd
5 Seaweed biscuit with tiramisu filling (Lombok) nd nd nd nd nd
6 Carrageenan (Surabaya, East Java) nd nd nd nd nd
7 Seaweed (dried) spinossum (Surabaya, East Java) nd nd nd 0.48 nd
8 Seaweed powder (Makasar, Sulawesi) 7.96 0.07 0.01 1.58 nd
9 Seaweed jelly candy (Lombok) nd nd nd nd nd
10 Seaweed jelly fruit candy (Lombok) nd nd nd nd nd
11 Seaweed instant noodle (Karawang, West Java) nd nd nd 0.32 nd
12 | Agar noodle strips (Karawang, West Jawa) nd nd nd 0.53 nd
13 Raw seaweed cracker (Makasar, Sulawesi) 0.46 0.13 nd 0.14 nd
14 Seaweed salt (West Java) 5.21 nd nd nd nd
15 Snack seaweed chips (Bekasi, West Java) 0.46 0.13 nd 0.14 nd
16 Snack seaweed chips (Pangandaran, West Java) 0.42 0.13 nd nd nd
17 Snack seaweed crackers (Bekasi, West Java) 0.14 0.02 nd 0.16 nd
18 Snack seaweed pilus (Bekasi, West Java) nd nd nd nd nd
19 Snack seaweed stick (Lombok) nd nd nd nd nd
20 Snack seaweed tortila (Bekasi, West Java) 0.1 0.07 nd 0.13 nd




Table 3. Microbiological contamination in seaweed-based food products.

No Products/origins TVC Coliform E. coli | Yeastand molds | Salmonella spp. | S. aureus | Vibrio spp.
(CFU/g) (APM/g) (CFU/g) (CFU/g) (/25g) (CFU/g) (/25 g)
1 Agar powder (Malang, East Java) 2.9x103 813 <10 <10 negative <10 negative
2 Agar powder (Yogyakarta) 1.1x103 830 <10 3.10x102 negative <10 negative
3 Agar powder (DKI Jakarta) <10 <3 <10 <10 negative <10 negative
4 Seaweed biscuit with chocolate filling (Lombok) 4.4x10° <3 <10 <10 negative <10 negative
5 Seaweed biscuit with tiramisu filling (Lombok) <10 <3 <10 <10 negative <10 negative
6 Carrageenan (Surabaya, East Java) 4.10x10? <3 <10 <10 negative <10 negative
7 Seaweed (dried) spinossum (Surabaya, East Java) | 1.08x10° <3 <10 <10 negative <10 negative
8 Seaweed powder (Makasar, Sulawesi) 1.36x10° 5.1 <10 <10 negative <10 negative
9 Seaweed jelly candy (Lombok) 2.60x10? <3 <10 <10 negative <10 negative
10 Seaweed jelly fruit candy (Lombok) 3.60x10? <3 <10 <10 negative <10 negative
11 Seaweed instant noodle (Karawang, West Java) 2.71x10% 240 <10 <10 negative <10 negative
12 Agar noodle strips (Karawang, West Java) 8.10x10° <3 <10 <10 negative <10 negative
13 Raw seaweed cracker (Makasar, Sulawesi) 5.40x10* <3 <10 <10 negative <10 negative
14 Seaweed Salt (West Java) 2.70x102 <3 <10 <10 negative <10 negative
15 Snack seaweed chips (Bekasi, West Java) 1.45x10* <3 <10 <10 negative <10 negative
16 Snack seaweed chips (Pangandaran, West Java) 3.55x10? <3 <10 <10 negative <10 negative
17 Snack seaweed crackers (Bekasi, West Java) 3.00x10? <3 <10 1.00x102 negative <10 negative
18 Snack seaweed pilus (Bekasi, West Java) <10 <3 <10 <10 negative <10 negative
19 Snack seaweed stick (Lombok) <10 <3 <10 <10 negative <10 negative
20 Snack seaweed tortila (Bekasi, West Java) 1.08x10* <3 <10 <10 negative <10 negative




