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This study aims to identify the quality of dry seaweed Gracilaria sp. cultivated in Brebes, 

West Java, Indonesia, and determine strategies to improve its quality through applying good 

aquaculture practices (GAP). The research methods used include field surveys, data 

collection, laboratory analysis, and application of good cultivation practices. The results 

showed that most of the required parameters met the specifications, except for moisture 

content, impurities, heavy metal Pb, microbial contamination (TPN), and mold/yeast 

contamination. Parameters that do not meet this requirement are related to aspects of GAP 

implementation that still need to be appropriate and need some improvement, especially in 

determining production locations, water management, product recording, and storage. 

Applying GAP also helps reduce negative impacts on the aquatic environment and increases 

the sustainability of seaweed farming. This research provides recommendations for seaweed 

farmers in Brebes Regency to implement GAP in cultivating Gracilaria sp. seaweed. This 

is expected to increase the quality of seaweed production, increase farmers' income, and 

maintain the sustainability of seaweed cultivation. Further research can be conducted to 

deepen the understanding of applying GAP in seaweed farming and its long-term effects on 

the environment and the sustainability of seaweed farming. 
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1. INTRODUCTION

Seaweed is an important commodity that is a source of 

livelihood for coastal communities in Indonesia and has been 

overgrown since 2000 [1-5]. Indonesia is one of the largest 

seaweed producers in the world, contributing more than 50% 

of total world seaweed production [6]. Seaweed production 

comes exclusively from community-based agricultural 

activities, provides a significant source of household income 

[1]. This industry has demonstrated positive economic and 

social impacts, contributing to increased prosperity and life 

satisfaction in coastal villages, as demonstrated by the very 

beneficial socio-economic effects of seaweed cultivation [1]. 

Seaweed cultivation also provides a crucial option for 

livelihood diversification during periods of extreme economic 

disruption, thereby serving as a mechanism to enhance the 

resilience of coastal communities [5]. This industry not only 

generates revenue through exports but also creates 

employment opportunities, particularly for small-scale 

farmers. Moreover, the global demand for seaweed products 

in various sectors, including food, pharmaceuticals, cosmetics, 

and agriculture, continues to grow, presenting profitable 

market opportunities for both Indonesia and other seaweed-

producing countries worldwide [7, 8]. However, this industry 

is vulnerable to price fluctuations and production cycles, 

making seaweed farmers vulnerable to market fluctuations [5, 

9]. The economic value obtained from seaweed production in 

Indonesia is also low, most of the production is exported as 

raw materials, thus providing limited economic benefits for 

farmers [9].  

Although many seaweed species are cultivated 

commercially, only seven species account for more than 95% 

of the world's aquatic plant value. Four are found and produced 

in China, Korea, and Japan. In contrast, the other three species, 

namely Gracilaria sp., Eucheuma sp., and Kappaphycus sp., 

are found and cultivated in Indonesia, which produces 66% of 

global seaweed [1, 10]. Seaweed production in Indonesia in 

2022 will increase from 2021 with a value of 10.08 million 

tons [11] and is in second place as a producer of Euchema 

cottoni seaweed under China with production reaching 9.1 

million tons [12]. 

Processed seaweed products are generally used by the food 

and non-food industries [13]. Seaweed handling is an 

important factor in determining the quality of seaweed [14-
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16]. Seaweed can be marketed fresh but is usually dried at 50-

60℃ [17]. After drying, they are packaged and consumed 

through a cooking process or as ready-to-eat food without 

further processing [18, 19]. The trend of consuming dried 

seaweed as ready-to-eat food or raw materials in more 

complex formulations has given rise to a new discourse on 

public health. Potential food safety hazards occur at every 

stage of handling (Figure 1). In raw materials, foreign matter 

is the main potential that causes quality deterioration due to 

mishandling [20]. In addition, there is also the potential for 

contamination of pathogenic bacteria in seaweed, which can 

contaminate raw materials. These contaminants are formed 

during the cultivation and handling processes, and there is a 

clear relationship between the macroalgae and the bacteria that 

contaminate the surface of the seaweed because the seaweed 

provides temporary nutrition for the bacteria [18, 21]. Previous 

studies reported that microorganisms, namely Listeria 

monocytogenes and Bacillus cereus, were detected in 

seaweed-based foods. Although the study's results indicate 

Bacillus cereus's inability to reproduce, it is still necessary to 

explain the possible risks for consumers [17]. 

 

 
 

Figure 1. Seaweed handling process [22] 

 
Apart from microbiological contaminants, heavy metal 

contamination is another risk that requires attention. Countries 

and organizations worldwide have introduced various policies 

and measures to minimize the damage caused by metal 

pollution in the marine environment [23]. Reference reported 

that the concentration of heavy metals in seaweed, Caulerpa 

spp. cultivated in ponds and consumed as food [24]. Caulerpa 

spp., being a source of additional nutrition can also accumulate 

heavy metals, which are potentially harmful to health. The 

heavy metals detected were arsenic (As) and lead (Pb) at 

concentrations close to national food safety limits. In addition, 

in the species of seaweed Sargassum duplicatum and Padina 

tetrastromatica, higher levels of cadmium (Cd) and lead (Pb) 

were identified for samples obtained from oil extraction sites 

compared to samples obtained from non-oil locations on 

Madura Island [25]. The content of heavy metal Pb also affects 

the chlorophyll and protein content of Padina australis 

seaweed. The correlation between the heavy metal content of 

Pb and protein shows a negative correlation, namely, the 

higher the heavy metal content of Pb in Padina australis, the 

lower the protein content [26]. 

The potential for contamination and hazards must be 

minimized during the seaweed handling process. The drying 

technique is one of the techniques commonly used in 

preserving seaweed [27, 28], the drying process is also a 

process that determines the quality of the dried seaweed 

produced. This process is an important stage because there is 

a potential danger of decay resulting from an uneven level of 

dryness leading to a decrease in the quality of dried seaweed. 

Potential hazards can be reduced by drying seaweed on racks 

or hanging and drying it according to specifications [28]. 

During drying, periodic reversals are carried out so the 

seaweed dries evenly. 

Brebes Regency is one of Indonesia's major seaweed 

production centers, especially Gracilaria sp. [29]. This area is 

used for seaweed cultivation with shallow pond conditions 

with a muddy black substrate [30]. Overall, the condition of 

the waters of Brebes Regency was lightly polluted. Only one 

measurement point indicated a heavily polluted condition with 

nutrient conditions (nitrates and phosphates) and overall fat 

and oil content exceeding the quality standard thresholds for 

marine water quality. At the same time, the values of ammonia 

and total suspended solid (TSS) were still low within the 

quality standard value limits [31]. Nonetheless, the water 

quality is in the range that is feasible for seaweed cultivation 

activities [32]. Apart from the water quality factor [33], 

seaweed producers' knowledge and managerial aspects affect 

the production quality and quantity [34]. 

To improve the quality of dried seaweed, previous research 

proposed different techniques for drying, including tarpaulin, 

bamboo shelves, solar dryers, table-type sun drying, natural 

drying, cabinet drying, freeze-drying, vacuum drying, solar 

drying, and convective drying [35-40]. Research has assessed 

the efficiency of various drying techniques in decreasing 

moisture content, removing impurities, and enhancing the 

brightness of dried seaweed [35-37, 39, 41]. To evaluate the 

effects of drying methods, the quality attributes of dried 

seaweed, including moisture content, carrageenan content, gel 

strength, color, and presence of impurities, have been 

scrutinized [35-39, 41]. Post-harvest methods, such as 

saltwater and freshwater draining, have been demonstrated to 

influence the sensory qualities of dried seaweed and derived 

products such as syrup and pudding [41]. 

The Ministry of Maritime Affairs and Fisheries has 

established Guidelines for a Guidance System for Good Fish 

Raising Methods/Good Fish Cultivation Practices (CBIB) 

based on the Directorate General of Aquaculture Regulation 

Number 87/2022. These guidelines are also known as 

sustainable or good aquaculture practices (GAP) Indonesian 

version. These guidelines can be used as a reference in 

producing quality seaweed. CBIB includes applying seaweed 

cultivation methods and harvesting in a controlled 

environment to provide food security for farmers by paying 

attention to sanitation, feed, fish medicine, chemicals, and 

biology [42]. In comparison to previous methodologies and 

findings, the current study offers a comprehensive approach 

by integrating both quality assessment and adherence to GAP 

guidelines in seaweed cultivation. This study aimed to 

determine strategies for improving the quality of dried 

seaweed by applying CBIB or GAP in seaweed cultivation. By 

examining the correlation between quality parameters and 

GAP implementation, the research provides insights into how 

adherence to standardized practices can enhance the overall 

quality of seaweed production. 
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2. MATERIAL AND METHODS 

 

2.1 Area of study 

 

This study consisted of three stages: (1) Analyzing the 

quality of the dried Gracilaria sp. seaweed produced. (2) 

Analyzing the suitability of seaweed cultivation with the 

guidelines for good seaweed cultivation GAP. (3) Establishes 

a quality improvement strategy by compare the test results 

with the implementation of the GAP. The research used case 

studies on seaweed cultivators in Brebes Regency, Central 

Java Province (Figure 2). 

 

 
 

Figure 2. Research area 

 

2.2 Sample testing  

 

Seaweed samples were obtained from 20 dried seaweed 

cultivators of the Gracilaria sp. in Brebes Regency. The 

samples. Dried seaweed from cultivators was packed in such a 

way as to prevent deterioration and kept for further use. The 

quality parameters of the dried seaweed (Gracilaria sp.) 

determined based on SNI 2690:2018, among others are 

moisture content (%), impurities (%), Clean Anhydrous Weed 

(CAW) (%); heavy metals (Hg, Pb, Cd, As) [22]. Apart from 

that, testing was also carried out for aflatoxin B1 

contamination and microbiological contamination (coliform, 

Escherichia coli, Salmonella sp., Vibrio sp., Staphylococcus 

aureus, and also yeast and mold). 

 

Moisture content (%) 

Testing of moisture content refers to the SNI 01-2891-1992 

method. The sample weighed 1-3 g in a weighing bottle whose 

weight is known. Then dry the sample in an oven at 105℃ for 

3 hours and cool it in a desiccator. Weigh and repeat until a 

constant weight was achieved. 

 

Impurities (%) 

Testing of impurities is referred to the SNI 8169:2015 

method. A sample of 250 g of seaweed was weighed. Seaweed 

was separated from all kinds of dirt (other seaweed, plastic, 

sand, and other foreign objects). The collected impurities were 

then weighed. 

Clean anhydrous weed (%) 

Clean anhydrous weed (CAW) is the net and gross weight 

ratio measured when washing seaweed before it is extracted to 

produce agar. The CAW analysis method was performed 

based on the SNI 8168:2015 method. A 60 g seaweed sample 

was soaked in 5 liters of clean water, then filtered and dried at 

60℃ for 30 minutes, then flattened and continued for 20 - 22 

hours until the weight was constant. 

 

Heavy metal (mg/kg) 

The sample was put into the vessel and was added with 

concentrated HNO3. The solution was left for 15 minutes. 

Afterward, the destruction was performed using a microwave 

digester. The sample was cooled, put into a volumetric flask, 

added to the internal standard mix, and added aquabidest up to 

the mark. The mixture was homogenized and filtered using a 

0.20 μm syringe filter. The filter results were measured for 

intensity using the ICP-MS system [43]. 

 

Aflatoxin B1 analysis 

This test was carried out using LC-MS/MS. The analysis 

was started by preparing a standard series of mixed 

mycotoxins in a 2 mL amber vial. Then 2 g of homogeneous 

test pore was added into a 50 mL falcon tube. Add aquabidest 

and vortexes. Add the solvent measuredly and extract it with a 

mechanical shaker. Add QuEChERS CEN salt and shake 

manually. Then, the solution was centrifuged, and a cleanup 

process was carried out using 1,2-Distearoyl-sn-glycero-3-

phosphoethanolamine (dSPE). Filter the cleanup results into a 

2 mL amber vial and inject it into the LC-MS/MS system [44]. 

 

Coliforms analysis (CFU/g) 

This test referred to the SNI ISO 4832:2012 method [45]. 

This test was carried out by inoculating samples diluted to a 
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10-3 dilution of 1 mL of each dilution, then inoculated in 15 

mL of crystal violet red bile lactose (VRBL) medium 

aseptically. Then incubated at 30℃ or 37℃ for 24±2 hours. If 

an atypical colony is found, proceed with a confirmation test. 

The confirmation test was carried out by inoculating atypical 

colonies into Brilliant Green Lactose broth tubes and 

incubating at 30℃ or 37℃ for 24±2 hours. 

 

Escherichia coli analysis (MPN/g) 

This test was based on the SNI ISO 7251:2012 method [46]. 

1 mL of the initial suspension was added to 9 mL of single-

strength lauryl sulfate broth. Incubation was performed in an 

incubator at 37℃ for 24±2 hours. If there was no gas 

formation, incubation was resumed for up to 48 ± 2 hours. If 

there was gas formation, the sample was inoculated into the 

Escherichia coli (EC) broth tube and incubated in an incubator 

at 44℃ for 24±2 hours. If no gas was seen in the EC broth, the 

total incubation time was extended to 48±2 hours. The tube 

showing the presence of gas was then inoculated into the 

peptone water tube, which had been heated to 44℃ and 

incubated for 24±2 hours at 44℃. Afterward, add 0.5 mL of 

indole reagent to the peptone water tube. Shake thoroughly 

after 1 minute. If a red color appears in the alcohol phase, it 

indicates the presence of indole. The calculation was 

performed using the MPN table. 

 
Salmonella sp. analysis (CFU/25 g) 

This test referred to the ISO 6579-1:2017/AMD 1:2020 

method [47]. This test was carried out in four stages. The first 

stage was the enrichment stage, which was carried out by 

taking 0.1 mL of sample into 10 mL of Rappaport-Vassiliadis 

soya peptone (RVS) broth and 1 mL of sample into 10 mL of 

Muller-Kauffmann tetrathionate novobiocin (MKTTn). The 

RVS broth solution was incubated at 41.5℃ and the MKTTn 

solution was incubated at 34-38℃. Both solutions were 

incubated for 24±3 hours. The second stage was the selective 

stage. This stage was carried out by inoculating the enrichment 

sample onto Xylos-Lysine-Desoxycholat (XLD Agar) media 

using the streak plate method, which was then incubated at 34-

38℃ for 24±3 hours. The third stage was the biochemical 

stage. At this stage, the samples that had been incubated were 

then observed for typical colonies that appeared. Positive 

colonies from the three media were then transferred to the 

oblique and upright Triple Sugar Agar (TSIA), Urea Agar, and 

L-Lysine Decarboxylase (LDB) agar, β-galactosidase test, and 

indole test, which were then incubated at 34-38℃ for 24 hours. 

The fourth stage was the observation stage. After incubation, 

the samples were then observed. 

 

Vibrio sp. analysis (CFU/25 g) 

This test referred to the SNI ISO 21872-1:2017 method [48]. 

It was carried out in three test stages: the primary selective 

enrichment test, the second selective enrichment test, and 

isolation. In the primary selective enrichment test, the diluted 

sample was incubated at 37℃±1℃ for 6±1 hour. Then, a 

second selective enrichment test was carried out by adding 1 

mL of the culture obtained from primary selective enrichment 

into a tube containing 10 mL of alkaline saline peptone water 

(ASPW) and incubated at 41.5±1℃ and 37℃±1℃ for 18±1 

hour, followed by the isolation stage. Each dilution was taken 

and inoculated on Thiosulfate Citrate Bile Salts Sucrose 

(TCBS) agar and Triphenyltetrazolium Chloride Soya 

Tryptone (TSAT) agar and incubated at 37℃±1℃ for 24±3 

hours. 

Staphylococcus aureus analysis (CFU/g) 

This test refers to the ISO 6888-1:2021 method [49]. This 

test consists of a prediction test and a coagulase test. The 

prediction test was carried out by diluting the sample to a 10-3, 

taking 0.1 mL from each dilution, and inoculating it on Baird 

Parker agar using the spread plate method, then incubating for 

24±2 hours at 35℃ or 37℃. After the presumptive test, the 

plates containing typical colonies were transferred to a sterile 

Brain Heart Infusion solution with each tube containing 2 mL 

using eyelet loops and incubated for 24±2 hours at 35℃ or 

37℃. 

 

Total plate number analysis (CFU/g) 

This test referred to the SNI ISO 4833-1:2015 method [50]. 

Samples were diluted to 10-3 dilutions, 1 mL was taken from 

each dilution and then aseptically inoculated in the cup. Pour 

12-15 mL of sterile PCA media (44℃-47℃). The cup was 

shaken so that the sample was evenly distributed and allowed 

to stand so that it thickened. Then, samples were incubated at 

30℃±1℃ for 72±3 hours. Colony counts were selected from 

petri dishes with 10-300 colonies in each dilution dish. 
 

Yeast mold analysis 

This test referred to the SNI ISO 21527-2:2012 method [51]. 

The sample was diluted to 10-3, 0.1 mL of the initial 

suspension, or the result was then transferred to DG18 media 

using the pour cup method. Samples were incubated at 25±1℃ 

for 5-7 days. 
 

2.3 GAP suitability analysis 
 

In the GAP suitability analysis, researchers used a 

customized questionnaire tool from the Regulation of the 

Director General of Aquaculture of the Ministry of Maritime 

Affairs and Fisheries Number 87/2022 concerning Guidelines 

for the Guidance System for Good Fish Raising 

Methods/Good Fish Cultivation Methods. This was done by 

assessing the level of implementation of the basic feasibility 

of the GAP aspect at the research location using gap analysis. 

The gap analysis tool was used to identify the conformity gap 

between the GAP quality management system and the existing 

quality management system within the company. GAP 

analysis was carried out to assess the gap between business 

conditions and GAP parameters using the scoring system 

presented at Table 1. The percentage score range was then 

interpreted using Table 2. The score percentage and the sum 

of the weights were calculated using the following equation: 
 

% 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 =  
𝛴 𝑠𝑐𝑜𝑟𝑒 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

𝛴 𝑚𝑎𝑥 𝑠𝑐𝑜𝑟𝑒
 (1) 

 

Table 1. Scoring for gap analysis 
 

Score Description 

0 If the manufacturer does not know the requirements 

1 If the manufacturer knows about the requirements but 

does not carry out the activity 

2 If the manufacturer knows about the requirements but 

performs activities only occasionally 

3 If the manufacturer understands the requirements but 

does not always do it 

4 If the producer understands and carries out activities but 

is not perfect 

5 If the manufacturer understands and performs the activity 

perfectly 
Source: [52, 53] 
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Table 2. Range of percentages of GAP implementation 

fulfillment from the sum of the weights 

 
Score Description 

75% - 100% 
The company's quality management system program 

meets GAP requirements 

50% - 74% 
The company's quality management system program 

still needs to be improved to meet GAP requirements 

1% - 49% 

The company's quality management system program 

needs improvement because it is very different from 

the GAP requirements 
Source: [52, 53] 

 

After obtaining the quality and gap analysis results, the two 

data were compared to obtain the relationship and impact of 

GMP implementation on the quality of the seaweed produced. 

Developing a quality improvement strategy was carried out by 

juxtaposing the parameters that cannot be met on the aspects 

of SNI and GMP. 

 

2.4 Statistical analysis tools 

 

Seaweed test data was analyzed using descriptive statistical 

tools, quantitative analysis with an exploratory approach. The 

descriptive exploratory approach is a research method that 

aims to collect initial information that will help determine the 

problem, formulate hypotheses, and analyze the problem [54]. 

This stage has the output of parameters in SNI that can be met 

by the sample and vice versa. Further analysis is carried out to 

determine the causes of nonconformities, possible anomalies 

and is linked to GAP analysis. Meanwhile, in the GAP 

analysis, the statistical tool used is the level of suitability based 

on the results of the scoring matrix and weighting using simple 

additive weighting (SAW). The SAW method is based on the 

concept of a weighted average where an evaluation score is 

calculated for each alternative parameter [55]. At this stage the 

analysis is carried out using equation 1 with scoring and type 

weighting (based on Tables 1 and 2) for each GAP parameter. 

 

 

3. RESULT 

 

3.1 Dried seaweed quality 

 

The quality of dried seaweed needs special attention to 

obtain high-quality seaweed derivative products [56]. The 

seaweed processing business begins with seaweed cultivation 

by farmers followed by drying to obtain dried seaweed. The 

dried seaweed was then collected by collectors, from 

collectors to wholesalers, and exporters. Therefore, the quality 

of the seaweed produced is determined by handling and 

processing at the farmer level [14-16]. The quality of dried 

seaweed produced by farmers is important in the macro 

seaweed industry. Factors affecting dried seaweed production 

quality include cultivation land, supporting materials and 

facilities, seeds, and cultivator human resources [57]. 

 

Table 3. Test results for dried seaweed 

 
No. Parameter Unit Method Requirements Test Results 

1 Coliform CFU/g SNI ISO 4832:2012 - 1.0×101 

2 Escherichia coli MPN/g SNI ISO 7251:2012 Max. 7.0 × 102 0.36 

3 Salmonella sp. CFU/25 g ISO 6579-1:2017/Amd 1:2020 Negative Negative 

4 Vibrio sp. CFU/25 g SNI ISO 21871-1:2017 - Negative 

5 Staphylococcus aureus CFU/g ISO 6888-1:1999/Amd 2:2018 Max. 103 CFU/g <10 

6 Mercury (Hg) mg/kg 18-13-14/MU/SMM-SIG (ICP MS) Max. 0.5 0.03 

7 Lead (Pb) mg/kg 18-13-14/MU/SMM-SIG (ICP MS) Max. 0.3 2.67 

9 Inorganic Arsenic mg/kg 18-4-33/MU/SMM-SIG (AAS HVG) Max. 1.0 0.60 

10 Cadmium (Cd) mg/kg 18-13-14/MU/SMM-SIG (ICP MS) Max. 0.1 0.04 

11 Tin (Sn) mg/kg 18-13-14/MU/SMM-SIG (ICP MS) - Not detected 

12 Aflatoxin B1 mcg/kg 18-12-17/MU/SMM-SIG (LC-MSMS) - Not detected 

13 Total Plate Number CFU/g SNI ISO 4883-1:2015 Max. 3.57 × 103 3.75×105 

14 Yeast Mold CFU/g SNI ISO 21527-2:2012 Max. 2.33 × 102 1.65×106 

15 Moisture Content % SNI 01-2891-1992 point 5.1 Max. 16 16.53 

16 CAW % SNI 2690:2018 Min. 40 43.30 

17 Impurities % SNI 2690:2018 Max. 3 4.30 

 

The analysis results of the dried seaweed samples are 

presented in Table 3. Moisture content, lead (Pb) content, and 

microbial contamination (total plate count and mold/yeast) in 

the samples showed values above the specified quality 

requirements. This result might cause a decrease in the quality 

of dried seaweed. Moisture content, which is a crucial 

parameter [58], can influence the shelf life [59-62] and 

accelerate the growth of microorganisms [62, 63]. The latter 

was characterized by the value of the total plate number and 

mold/yeast of the sample which exceeded the required 

standard. High moisture content in dried seaweed products is 

generally caused by mishandling and drying techniques that 

have yet to be maximized [64]. In general, seaweed farmers in 

Brebes use conventional drying methods (sun drying). 

According to Mayol et al. [39], this direct drying technique can 

eliminate the moisture content in seaweed by up to 40%. 

However, this technique has a high risk of contamination of 

dirt from the surrounding environment and re-absorption of 

water by the seaweed. Several drying methods have been 

developed for seaweed, such as oven drying, vacuum drying, 

and low temperature drying (freeze drying) [64]. Based on 

Table 3, the CAW quality of Gracilaria sp. obtained still 

meets the SNI standards, namely 43.30%. However, the 

impurities content exceeds the SNI’s parameters [22]. The 

causes of high impurities could be due to drying techniques 

that involved drying in open areas leading to contaminations 

from the surrounding environment during drying, as well as 

during handling before drying (mixing moss, coral, and sand 

during harvest) [56]. 
The test results also show that the concentration of Pb was 

above the predetermined standard. The presence of the heavy 

metal Pb in seaweed can come from the environment, 

especially during seaweed cultivation to harvesting. 

According to Filippini et al. [65], poor environmental 
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conditions will potentially cause contamination of seaweed 

products. In general, cultivation locations not far from or along 

industrial waste disposal sites have the potential to cause 

contamination. In addition, the activities of residents around 

the cultivation site also determine the potential heavy metal 

contamination [66]. Seaweed is one of the natural 

bioindicators that accumulate contaminants from the 

environment, so the heavy metal content in seaweed reflects 

the environmental conditions in the waters and air pollution 

where it is grown [67, 68]. Makro or mikro alga memiliki 

kemampuan dalam phytoremediation pada media tumbuhnya 

[69]. In addition, Gracilaria seaweed has remediation 

properties known as hyperaccumulator plants [70]. The nature 

of Gracilaria, which has a high absorption capacity (bio-

absorbent) on metals, especially Pb metal, causes high levels 

of Pb metal in Gracilaria [71]. So, in this case, it is necessary 

to identify the environmental conditions of seaweed 

cultivation in Brebes. Identification was then carried out on 

several potential causes of the high content of Pb metal in the 

produced seaweed. It was done to reduce and minimize the 

content of Pb in seaweed. Heavy metals are toxic at a certain 

amount accumulated in the body, even leading to cause cancer 

[72]. 

 

3.2 Analysis of the application of good aquaculture 

practices (GAP) 

 

The GAP analysis tool was used to identify gaps in the GAP 

quality management system and existing quality management 

systems in seaweed farming companies [52]. If gaps within the 

company are known, then action can be taken to improve the 

quality management system within the company. Using this 

approach, one can ensure compliance with the GAP and 

increase the overall effectiveness of the quality management 

system (QMS) that exists within the company. GAP analysis 

assumes that an organization or company already has a QMS 

function and will improve the QMS function using the GAP 

reference. 

The dry seaweed production process is carried out starting 

from the seaweed being deposited by farmers in a semi-dried 

state, the drying process, pressing, and packaging. Seaweed 

that has been harvested takes at least one full day (sunny day) 

to get the desired moisture content. In cloudy weather 

conditions, seaweed takes longer to dry. The moisture content 

that the company requires is usually between 16% for 

Gracilaria sp., according to SNI 2690:2018. 

GAP is by the Regulation of the Director General of 

Aquaculture of the Ministry of Maritime Affairs and Fisheries 

Number 87/2022, which is a reference for seaweed cultivators, 

food processing industry supervisors, and supervisors of 

processed food quality and safety. One of the goals of 

implementing GAP is to guarantee the quality and safety of 

fishery products [73]. Applying GAP is useful for improving 

and enhancing product quality and maintaining food safety 

[74]. The GAP design consists of 21 aspects, specifically for 

seaweed products, and 15 aspects, as presented in Table 4. 

Based on Table 4, the total score of the fulfillment of the 

GAP aspect was 49. Compared to the maximum score of 75, 

the percentage of the fulfillment level of GAP implementation 

was 65.3%. According to the assessment range in Table 2, the 

GAP implementation in the location of this study still needs to 

be improved to meet the GAP requirements according to the 

Regulation of the Director General of Aquaculture of the 

Ministry of Maritime Affairs and Fisheries Number 87/2022. 

Therefore, some strategies are then proposed. 

 

Table 4. Suitability of conditions with GAP aspects 

 
No. Aspect Real Condition Score 

1 Location 

The location of the seaweed cultivation unit has certain zoning system. The location of aquaculture waters 

is in an area that is safe from potential contamination (mining, river estuaries, ports, industry, and other 

sources of contaminants). Producers already know that using chemicals can interfere with seaweed growth, 

so this aspect is minimized. However, contamination that has the potential to arise from the surrounding 

environment has not been handled optimally, which affect the quality of the seaweed. 

2 

2 Water supply 

Producers use seawater that flows in the ponds used. The pond's location is equipped with a water control 

gate and filter so that physical impurities can be filtered and not enter the pond. Water quality is tested 

when conducting aquaculture business according to the technical requirements. The water source does not 

contain harmful contaminants/contaminants that can contaminate the product. 

4 

3 
Layout and 

design 

Seaweed cultivation is carried out with a combination of milkfish, crab, and shrimp at a depth of 50-100 

cm, but waste disposal has not been done. 
4 

4 

Cleanliness of 

facilities and 

equipment 

The condition of the equipment is clean, but the hygiene of the equipment is not known with certainty and 

needs to be measured. Producers already understand that for clean and hygienic conditions, prevention of 

pests and diseases, and prevention of contamination, this is done using regular water changes and a 

combination of milkfish. Milkfish reduces moss, which is categorized as a pest in this cultivation. 

4 

5 

Preparation of 

cultivation 

containers 

The cultivation containers are made of materials that do not easily pollute the environment and are free 

from contaminants. Containers are well prepared, but condition checks should be carried out periodically 

and regularly. 

4 

6 
Water 

management 

Water filtering is done by using a sluice equipped with a filter. Water quality has been checked at the start 

of cultivation. Change pool water at least once weekly, and check the pH regularly. 
2 

7 

Seedlings, 

planting, and 

maintenance 

Aquaculture water is flowing, so there is circulation. Seedlings were obtained from nursery units in Jakarta 

and were in good health. Water is changed at least once every three days based on water flow from the 

source. 

4 

8 Harvest 
The hygiene of the tools is still being determined, and the drying method is still carried out on the street 

(not using mats). Harvest equipment is made of materials that do not contain hazardous materials. 
3 

9 Handling results 

Drying is carried out on racks, seaweed is not contaminated with fresh water, and the maximum percentage 

of impurities is 3%, but the separation of impurities is not routinely carried out. The dryness level of 

seaweed was not tested in the laboratory. 

3 
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No. Aspect Real Condition Score 

10 
Packing and 

storage 

Packaging is according to regulations, but hygienic conditions and avoidance of cross-contamination 

cannot be known. They are packed with 50 kg or 40 kg capacity and stored in a room with air circulation, 

not damp, and covered with pallets. 

4 

11 Waste disposal 
The disposal of plastic and other waste, such as shells and snails, is separated to prevent contamination, 

but there are no waste disposal facilities. 
3 

12 
Recording and 

storage 

The recording is done by recording incoming goods based on type, origin, and harvest date and labeled 

with the distance between packages and a maximum packaging height of 5 plastics. However, water 

quality records are unavailable, and seedlings' species/origin and age records are only sometimes available. 

2 

13 Corrective action 
Producers do not take all corrective actions but perform some actions, such as routine pest cleaning and 

recording. 
3 

14 Training 
Training is conducted periodically to increase knowledge about good seaweed cultivation. This training is 

usually arranged by the farmers or facilitated by the local officials. 
3 

15 
Personnel 

hygiene 

The staff's hygiene practices were still lacking, such as using improper clothes and no footwear, etc. 

Periodic health checks, including data recording or documentation availability, have yet to be carried out. 
4 

Total Score 49 

There are three main parameters in GAP that get a score of 

two or low (manufacturer knows about the requirements but 

performs activities only occasionally) namely related to 

parameter location, water management and recording and 

storage. The location requirement is that the cultivation 

business unit is in a suitable environment where food safety 

risks from chemical, biological and physical hazards are 

minimized (Regulation of the Director General of Aquaculture 

of the Ministry of Maritime Affairs and Fisheries Number 

87/2022). The presence of pollution from the surrounding 

environment that has not been handled optimally has the 

potential to impact the quality of seaweed. These results are in 

line or linear with the quality test results where there are levels 

of lead (Pb) content, and microbial contamination (total plate 

count and mold/yeast) that exceed the limits. 

The regulations state that water management aspects must 

include water filtering or sedimentation efforts and ensure 

water quality that is suitable for farmed fish. In addition, 

regular monitoring of source water quality is also carried out 

to ensure the health and cleanliness of the fish being farmed. 

The effort made by seaweed farmers is to filter the water using 

sluice gates equipped with filters. Water quality was checked 

at the start of cultivation. Change the pool water at least once 

a week, and check the pH regularly. However, this procedure 

was not carried out consistently, because the sluice gates and 

filters were found to be worn and damaged. Water changes are 

also not carried out consistently because there are no reports 

regarding this. This is also related to the third parameter which 

has a low value, namely recording and storage. Recording. 

In accordance with GAP regulations, it is necessary to record 

the type and origin of feed, medicines, chemicals and 

biological materials, record water quality (source water, 

supply water, maintenance water and liquid waste), disease 

occurrences that may have an impact on product food safety, 

harvest and seaweed transportation. However, several aspects 

are not carried out by farmers, including water quality records 

and records of species/origin and age of seedlings which are 

only sometimes available. 

 

 

4. DISCUSSION 

 

4.1 Quality and GAP of seaweed 

 

Based on the result, the important aspects to be improved 

on seaweed farming in Brebes Regency, among others are 

location, water management, and data recording and storage. 

The characteristics of aquatic physical, chemical, and 

biological parameters can be used to determine the suitability 

of seaweed cultivation locations [75], in particular is the 

location where the seaweed can receive appropriate nutrition 

[76]. However, the low level of public knowledge and the 

availability of data on the oceanography of the waters is a 

limiting factor in developing a seaweed cultivation business 

[77]. Location determination can also be carried out by 

considering aspects of water quality, current and wave 

conditions as well as the natural balance and ecological 

carrying capacity of the waters [78] and paying attention to the 

analysis of spatial location data.  
Processing and water quality in a seaweed cultivation area 

will be directly proportional to the increased production of 

seaweed produced [34]. Conversely, if the water quality is not 

good, it can cause decreasing seaweed production. The high 

factor of water quality in supporting the growth of seaweed 

production makes it a priority for seaweed farmers to pay 

attention. Observing seaweed water quality factors can be 

done by measuring parameters such as temperature and 

salinity [79]. Other parameters regarding water are related to 

depth, brightness, temperature, salinity, dissolved oxygen, pH, 

Nitrate (NO3), and Phosphate (PO4) [80]. Apart from that, it is 

also necessary to avoid locations that produce pollutants and 

contaminants that can inhibit the growth of seaweed, such as 

heavy metals and other toxic compounds [80]. Production 

facilities and equipment that do not follow GAP can cause 

cross-contamination from biological, chemical, and physical 

contaminants such as foreign bodies in food and trigger food 

poisoning [80]. One of the reasons for this is because the 

majority of seaweed farming is carried out by small firm, 

based on previous research it was reported that understanding 

of standards or best practices related to GAP is still minimal 

[81]. Therefore, assistance is needed in understanding the 

implementation of GAP for seaweed farmers. Seaweed 

farmers can use the Internet of Things to monitor seaweed by 

stabilizing the pond environment with data obtained from 

sensor results that they can view on the Android application, 

making it easier for farmers to cultivate seaweed and help 

improve the quality of Gracilaria sp. seaweed harvest [82]. 

The application of bookkeeping by recording all seaweed 

cultivation business activities can increase the development of 

seaweed cultivation. Furthermore, the recording results are 

used for reporting and data analysis as a source for continuous 

improvement [83]. This can give new knowledge to support 

the sustainability of the seaweed cultivation. A good recording 

practice is important. Good records enable data tracing when 

required and its origins are easily known [38].  

Table 3 shows the location and water management aspects 

got the lowest score, namely 2. This was suggested as the 

cause of several parameters found in Table 3, such as moisture 
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content, heavy metal content Pb and microbial contamination 

(MPN and mold/yeast), exceeding the safe limit required by 

the guidelines. As previously explained, environmental 

conditions, including water, greatly determine the quality of 

the seaweed produced [65, 66]. The mitigation that needs to be 

done is to increase attention to location and water management 

used to minimize the risk of contamination. This process is 

necessary to be able to obtain dried seaweed products that 

comply with predetermined standards and requirements so that 

they will be able to increase product competitiveness. In 

addition, to minimize the risk of contamination at the 

postharvest stage (Point 9), farmers or companies are 

suggested to improve the drying techniques in the method and 

hygiene aspects to ensure good quality control of the dried 

seaweed.  

When comparing regions or setups that do not implement 

Good Agricultural Practices (GAP) with those that do, several 

key differences emerge in terms of the quality and 

sustainability of seaweed cultivation. In regions where GAP is 

not followed, there may be a lack of standardized procedures 

for cultivation, harvesting, and post-harvest handling. This can 

lead to inconsistent quality in dried seaweed products, as well 

as higher levels of impurities and variability in sensory 

attributes. Conversely, regions or setups that adhere to GAP 

guidelines typically demonstrate higher levels of quality and 

consistency in their seaweed products. By implementing 

standardized practices for cultivation, including proper 

nutrient management, pest and disease control, and harvesting 

techniques, these regions can optimize seaweed growth and 

minimize environmental impact. 
Aquaculture is one of the backbones and spearheads in 

implementing the industrialization program by applying GAP 

[84]. Current national aquaculture activities describe that most 

aquaculture businesses have not implemented good 

aquaculture practices (GAP), so their activities result in 

environmental degradation and cause disease problems, mass 

mortality, and pollution in the form of leftover feed waste and 

waste drug use that are not of the right type and dosage [72]. 

Especially for seaweed, Indonesia is one of the largest 

seaweed producing countries in the world [76]. Therefore, 

attention to the implementation of GAP in seaweed farming 

must be increased. Seaweed farming in this case is 

comprehensive for all related parties in the seaweed supply 

chain including farmers, local collectors, traders, exporters, 

manufacturers (product), and customers [81]. The Indonesian 

government currently has a policy regarding downstream 

seaweed with the aim of increasing the capacity and quality of 

seaweed [85]. However, several things need to be considered 

in seaweed farming. Apart from providing positive benefits 

and impacts, several researchers have reported the negative 

impacts of seaweed farming, including being able to disrupt 

ecosystem of seagrass and several coral fish [85-87] and has 

the potential to degrade water quality due to waste generation 

and heavy metal contamination from seaweed farming 

activities [88]. Therefore, some research in the future can be 

carried out, especially on farming of Gracilaria sp. type 

seaweed. in Brebes Regency. Future research that can be done 

are identification, especially strengths, weaknesses, 

opportunities, and threats (SWOT) as has been done in 

previous research to identify comprehensive development 

potential to improve the quality of seaweed produced based on 

GAP [89].  

Overall, the adoption of GAP in seaweed cultivation not 

only improves product quality but also contributes to the 

sustainability of coastal ecosystems and the livelihoods of 

seaweed farmers. Regions or setups that do not implement 

GAP may face challenges related to product consistency, 

environmental degradation, and market competitiveness, 

highlighting the importance of standardized practices for the 

long-term viability of the seaweed industry.  

 

4.2 Practical implications  

 

The results of this research provide new information and 

knowledge regarding the level of implementation of GAP in 

seaweed SMEs and its influence on the quality of the products 

produced. Through GAP analysis, each criterion can be 

analyzed for sources that have the potential to cause a decrease 

in quality, and conversely, quality improvement can be done 

through increasing or improving each criterion in the GAP. 

The practical implication of this research is that SMEs or 

seaweed cultivation companies can identify or assess 

independently using GAP parameters, scoring, and weighting 

to assess each aspect of cultivation. Through this assessment, 

the quality of seaweed products can be maintained and 

improved.  

Quality is the main variable related to customer satisfaction 

[90, 91]. Quality from the dimensions of health, safety and 

security is able to prevent negative risks from product use [92], 

such as accidents, poisoning and even death [93]. 

Economically, quality is a determinant for consumers to 

repurchase (repeat orders) or reuse products or services that 

have been purchased, so that consumers will be more loyal to 

producers [94]. Company performance can be measured 

through the quality of the products and services produced [95], 

and as an economic indicator of the production process [96]. 

Achieving quality products and processes in a globalized and 

competitive economy is one of the main strategies adopted by 

organizations [97]. 

Sustainable production is the principle of obtaining the 

maximum possible product while maintaining environmental 

sustainability [98]. Therefore, to ensure the sustainability of 

seaweed farming activities, future research can also be carried 

out to assess the sustainability of seaweed farming activities. 

This is to identify environmental impacts comprehensively in 

accordance with the ISO 14044 standard - life cycle 

assessment [99]. Several studies have been reported regarding 

life cycle assessment for seaweed farming [100, 101], so that 

for the location and type of seaweed, especially in Brebes 

Regency, it can be done to identify potential environmental 

impacts that are currently being carried out. The results 

obtained are the basis for developing better and 

environmentally friendly seaweed farming activities in the 

future with the support of technology development and 

sustainable management. 

 

 

5. CONCLUSION 

 

Brebes Regency, as one of the seaweed production centers 

in Indonesia, is expected to be able to produce seaweed 

products according to the required standards to increase the 

competitiveness of these seaweed products in the market. The 

results of testing the quality of dried seaweed produced were 

based on several requirements, such as SNI and BPOM 

Regulations, and most of them met the specifications for the 

required parameters. However, several parameters still 

exceeded the safe limit, including moisture content, impurities, 
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heavy metal Pb, microbial contamination (TPN), and 

mold/yeast contamination. Parameters that do not meet these 

requirements can impact the quality of seaweed derivative 

products. This phenomenon could be related to implementing 

good aquaculture practices that still need improvement, 

particularly in determining production locations, water 

management, product recording, and storage. The application 

of good aquaculture practices (GAP), translated into CBIB, by 

the Ministry of Maritime Affairs and Fisheries, is a guideline 

that seaweed producers can implement in Brebes Regency. By 

implementing GAP, the quality of the dried seaweed and its 

derivative products is expected to meet the requirements. In 

addition, it can increase its value and competitiveness in the 

local, national, and international markets. Future research can 

also be undertaken to deepen the understanding of the 

application of GAP in seaweed farming and its long-term 

impact on the environment and the sustainability of seaweed 

farming. 

 

 

ACKNOWLEDGMENT 

 

We express our deepest gratitude to the National Research 

and Innovation Agency for the funding provided for this 

research activity by the Decree of the Deputy for Research and 

Innovation Facilitation, National Research and Innovation 

Agency Number 65/II.7/HK/2022. Acknowledgments are also 

addressed to seaweed farmers and producers in Brebes 

Regency for participating in this research activity.  

 

 

REFERENCES  

 

[1] Larson, S., Stoeckl, N., Fachry, M.E., Mustafa, M.D., 

Lapong, I., Purnomo, A.H., Rimmer, M.A., Paul, N.A. 

(2021). Women's well-being and household benefits 

from seaweed farming in indonesia. Aquaculture, 530: 

735711. 

https://doi.org/10.1016/j.aquaculture.2020.735711 

[2] Langford, A., Turupadang, W., Waldron, S. (2023). 

Interventionist industry policy to support local value-

adding: Evidence from the eastern Indonesian seaweed 

industry. Marine Policy, 151: 105561. 

https://doi.org/10.1016/j.marpol.2023.105561 

[3] Nuryartono, N., Waldron, S., Tarman, K., Siregar, U.J., 

Pasaribu, S.H., Langford, A., Farid, M., Sulfahri. (2021). 

An analysis of the south sulawesi seaweed industry. 

University of Queensland: Brisbane, Australia. 

https://doi.org/10.13140/RG.2.2.13785.24169 

[4] Mariño, M., Breckwoldt, A., Teichberg, M., Kase, A., 

Reuter, H. (2019). Livelihood aspects of seaweed 

farming in rote island, indonesia. Marine Policy, 107: 

103600. https://doi.org/10.1016/j.marpol.2019.103600 

[5] Rimmer, M.A., Larson, S., Lapong, I., Purnomo, A.H., 

Pong‐masak, P.R., Swanepoel, L., Paul, N.A. (2021). 

Seaweed aquaculture in indonesia contributes to social 

and economic aspects of livelihoods and community 

wellbeing. Sustainability, 13(19): 10946. 

https://doi.org/10.3390/su131910946 

[6] Lukas, A.Y. (2023). Quality management and 

industrialization of seaweed products as an effort to 

improve the welfare of coastal communities in the 

province of east nusa tenggara, indonesia-a review. 

Aquaculture, Aquarium, Conservation & Legislation 

(AACL) Bioflux, 16(5): 2488-2494. 

[7] Sumule, O., Angkasa, W.I., Retno, H.W., Andiewati, S. 

(2021). The development of indonesian seaweed based 

on innovation cluster model. IOP Conference Series: 

Earth and Environmental Science, 763: 012016. 

https://doi.org/10.1088/1755-1315/763/1/012016 

[8] Satria, A., Muthohharoh, N.H., Suncoko, R.A., 

Muflikhati, I. (2017). Seaweed farming, property rights, 

and inclusive development in coastal areas. Ocean & 

Coastal Management, 150: 12-23. 

https://doi.org/10.1016/j.ocecoaman.2017.09.009 

[9] Langford, A., Zhang, J., Waldron, S., Julianto, B., 

Siradjuddin, I., Neish, I., Nuryartono, N. (2022). Price 

analysis of the indonesian carrageenan seaweed industry. 

Aquaculture, 550: 737828. 

https://doi.org/10.1016/j.aquaculture.2021.737828 

[10] Food and Agriculture Organization. (2020). Global 

Aquaculture Production 1950-2018. 

http://www.fao.org/fishery/statistics/global-aquaculture-

production/ query/en, accesed on Feb. 10, 2023. 

[11] Ministry of Marine Affairs and Fisheries. (2022). 

https://kkp.go.id/djpb/bluppbkarawang/infografis-

detail/11252-outlook-kkp-2022-perikanan-budidaya, 

2022, accesed on July. 10, 2023.  

[12] Buschmann, A.H., Camus, C., Infante, J., Neori, A., 

Israel, Á., Hernández-González, M.C., Pereda, S.V., 

Gomez-Pinchetti, J.L., Golberg, A., Tadmor-Shalev, N. 

Critchley, A.T. (2017). Seaweed production: Overview 

of the global state of exploitation, farming and emerging 

research activity. European Journal of Phycology, 52(4): 

391-406. 

https://doi.org/10.1080/09670262.2017.1365175 

[13] Tiwari, B.K., Troy, D.J. (2015). Seaweed sustainability–

food and nonfood applications. Seaweed Sustainability, 

1-6. https://doi.org/10.1016/B978-0-12-418697-

2.00001-5 

[14] Paull, R.E., Chen, N.J. (2008). Postharvest handling and 

storage of the edible red seaweed gracilaria. Postharvest 

Biology and Technology, 48(2): 302-308. 

https://doi.org/10.1016/j.postharvbio.2007.12.001 

[15] Vairappan, C.S., Razalie, R., Elias, U.M., 

Ramachandram, T. (2014). Effects of improved post-

harvest handling on the chemical constituents and quality 

of carrageenan in red alga, kappaphycus alvarezii doty. 

Journal of Applied Phycology, 26: 909-916. 

https://doi.org/10.1007/s10811-013-0117-1 

[16] Poeloengasih, C.D., Srianisah, M., Jatmiko, T.H., 

Prasetyo, D.J. (2019). Postharvest handling of the edible 

green seaweed ulva lactuca: Mineral content, 

microstructure, and appearance associated with rinsing 

water and drying methods. IOP Conference Series: Earth 

and Environmental Science, 253: 012006. 

https://doi.org/10.1088/1755-1315/253/1/012006 

[17] Martelli, F., Marrella, M., Lazzi, C., Neviani, E., Bernini, 

V. (2021). Microbiological contamination of ready-to-

eat algae and evaluation of bacillus cereus behavior by 

microbiological challenge test. Journal of Food 

Protection, 84(7): 1275-1280. 

https://doi.org/10.4315/JFP-20-407 

[18] Moore, J.E., Xu, J., Millar, B.C. (2002). Diversity of the 

microflora of edible macroalga (palmaria palmata). Food 

Microbiology, 19(2-3): 249-257. 

https://doi.org/10.1006/fmic.2001.0467 

[19] Hollants, J., Leliaert, F., Clerck, O.D., Willems, A. 

1027



 

(2013). What we can learn from sushi: A review on 

seaweed-bacterial associations. FEMS Microbiology 

Ecology, 83(1): 1-16. https://doi.org/10.1111/j.1574-

6941.2012.01446.x 

[20] Blikra, M.J., Altintzoglou, T., Løvdal, T., Rognså, G., 

Skipnes, D., Skåra, T., Sivertsvik, M., Fernández, E.N. 

(2021). Seaweed products for the future: using current 

tools to develop a sustainable food industry. Trends in 

Food Science & Technology, 118(11): 765-776. 

https://doi.org/10.1016/j.tifs.2021.11.002 

[21] Løvdal, T., Lunestad, B.T., Myrmel, M., Rosnes, J.T., 

Skipnes, D. (2021). Microbiological food safety of 

seaweeds. Foods, 10(11): 2719. 

https://doi.org/10.3390/foods10112719 

[22] National Standardization Agency of Indonesia. (2015). 

SNI 2690:2015 – Dried Seaweed. National 

Standardization Agency of Indonesia, Jakarta  

[23] Aboal, J.R., Pacín, C., García-Seoane, R., Varela, Z., 

González, A.G., Fernández, J.A. (2023). Global decrease 

in heavy metal concentrations in brown algae in the last 

90 years. Journal of Hazardous Materials, 445: 130511. 

https://doi.org/10.1016/j.jhazmat.2022.130511 

[24] Perryman, S.E., Lapong, I., Mustafa, A., Sabang, R., 

Rimmer, M.A. (2017). Potential of metal contamination 

to affect the food safety of seaweed (Caulerpa spp.) 

cultured in coastal ponds in Sulawesi, Indonesia. 

Aquaculture Reports, 5: 27-33. 

https://doi.org/10.1016/j.aqrep.2016.12.002 

[25] Naw, S.W., Zaw, N.D.K., Aminah, N.S., Alamsjah, M.A., 

Kristanti, A.N., Nege, A.S., Aung, H.T. (2020). 

Bioactivities, heavy metal contents, and toxicity effect of 

macroalgae from two sites in Madura, Indonesia. Journal 

of the Saudi Society of Agricultural Sciences, 19(8): 528-

537. https://doi.org/10.1016/j.jssas.2020.09.007 

[26] Saraswati, A.R., Rachmadiarti, F. (2021). Lead (Pb) 

heavy metals content of Padina australis in Sendang Biru 

Malang Beach. LenteraBio, 10(1): 67-76.  

[27] Sari,D.K., Lestari, R.S.D., Kustiningsih, I., Kimia, T., 

Sultan, U., Tirtayasa, A., Cilegon-Bante. (2017). 

Pengaruh suhu dan waktu pengeringan terhadap mutu 

rumput laut kering. Teknika: Jurnal Sains dan Teknologi, 

13(1): 43-50. https://doi.org/10.36055/tjst.v13i1.5850 

[28] Obluchinskaya, E., Daurtseva, A. (2020). Effects of air 

drying and freezing and long-term storage on 

phytochemical composition of brown seaweeds. Journal 

of Applied Phycology, 32: 4235-4249. 

https://doi.org/10.1007/s10811-020-02225-x 

[29] Arina, R.H.W., Sasongko, G., Wahyudi, Y. (2019). The 

coping strategy of the seaweed farming workers in 

Randusanga Village, Brebes. Trikonomika, 18(1): 35-45. 

https://doi.org/10.23969/trikonomika.v18i1.1237 

[30] Sitompul, J.S., Susanto, A.B., Setyati, W.A. (2022). 

Potensi dan strategi pengembangan budidaya rumput laut 

di Desa Randusanga Kulon, Brebes. Journal of Marine 

Research, 11(4): 641-647. 

https://doi.org/10.14710/jmr.v11i4.35261 

[31] Gemilang, W.A., Kusumah, G. (2017). status indeks 

pencemaran perairan kawasan mangrove berdasarkan 

penilaian fisika kimia di pesisir Kecamatan Brebes Jawa 

Tengah. EnviroScienteae, 13(2): 171-180. 

https://doi.org/10.20527/es.v13i2.3919 

[32] Mulatsih, S., Nurjanah. (2015). Model optimasi 

pengelolaan kualitas lingkungan melalui peran biofilter 

rumput laut (Gracilaria sp.) untuk pengembangan tambak 

yang berkelanjutan. Oseatik, 9(1): 84-89.  

[33] Mambai, R.Y., Salam, S., Indrawati, E. (2021). Analisis 

pengembangan budidaya rumput laut (Euchema cottoni) 

di Perairan Kosiwo Kabupaten Yapen. Urban and 

Regional Studies Journal, 2(2): 66-70. 

https://doi.org/10.35965/ursj.v2i2.568 

[34] Ali, B., Naim, M. (2022). Penyuluhan manajerial dan 

peningkatan produksi budidaya rumput laut Lampuara. 

Jurnal Ilmu Pengetahuan Dan Teknologi Bagi 

Masyarakat, 2(2): 72-77. 

https://doi.org/10.54065/ipmas.2.2.2022.252 

[35] Jamaluddin, Nasīm, Y., Rauf, R.F., Rivai, A.A. (2022). 

Drying kinetics and quality characteristics of Eucheuma 

cottonii seaweed in various drying methods. Journal of 

Food Processing and Preservation, 46(2): e16258. 

https://doi.org/10.1111/jfpp.16258 

[36] Surata, I.W., Nindhia, T.G.T., Atmika, I.K.A. (2013). 

Table type sun drying for seaweed preservation. Applied 

Mechanics and Materials, 376: 34-37. 

https://doi.org/10.4028/www.scientific.net/AMM.376.3

4 

[37] Suwati, S., Romansyah, E., Syarifudin, S., Jani, Y., 

Purnomo, A.H., Damat, D., Yandri, E. (2021). 

Comparison between natural and cabinet drying on 

weight loss of seaweed Euchuema cottonii Weber-van 

Bosse. Sarhad Journal of Agriculture, 37(s1): 1-8. 

https://doi.org/10.17582/journal.sja/2021/37.s1.01.08 

[38] Uribe, E., Vega-Gálvez, A., García, V., Pastén, A., 

Rodríguez, K., López, J., Scala, K.D. (2020). Evaluation 

of physicochemical composition and bioactivity of a red 

seaweed (Pyropia orbicularis) as affected by different 

drying technologies. Drying Technology, 38(9): 1218-

1230. https://doi.org/10.1080/07373937.2019.1628771 

[39] Mayol, A.P., Cruz, A.L., Calapatia, A., Pancho, J.A., 

Peckson, N., Sanchez, L., Villoria, P. Culaba, A. (2019). 

Investigation of the drying characteristics of seaweed 

using offshore dryer. In 2019 IEEE 11th International 

Conference on Humanoid, Nanotechnology, Information 

Technology, Communication and Control, Environment, 

and Management ( HNICEM ), Laoag, Philippines, pp. 

1-5. 

https://doi.org/10.1109/HNICEM48295.2019.9073346 

[40] Santiago, A., Moreira, R. (2020). Drying of edible 

seaweeds. In: Sustainable Seaweed Technologies, 131-

154. https://doi.org/10.1016/B978-0-12-817943-

7.00004-4 

[41] Novianty, H., Herandarudewi, S.M.C. (2018). The effect 

of sea-water and fresh-water soaking on the quality of 

Eucheuma sp. syrup and pudding. IOP Conference Series: 

Earth and Environmental Science, 137: 012079. 

https://doi.org/10.1088/1755-1315/137/1/012079 

[42] Bidayani, E., Robin, R., Syarif, A.F. (2022). 

Implementasi SOP cara budidaya ikan yang baik (CBIB) 

pada industri tambak udang di Kabupaten Bangka 

Selatan. Jurnal Perikanan Unram, 12(4): 632-640. 

https://doi.org/10.29303/jp.v12i4.386 

[43] Shchukin, V.M., Zhigilei, E.S., Erina, A.A., Shvetsova, 

Y.N., Kuz’mina, N.E., Luttseva, A.I. (2020). Validation 

of an ICP-MS method for the determination of mercury, 

lead, cadmium, and arsenic in medicinal plants and 

related drug preparations. Pharmaceutical Chemistry 

Journal, 54: 968-976. https://doi.org/10.1007/s11094-

020-02306-8 

[44] Deng, Y.J., Wang, Y.L., Deng, Q., Sun, L.J., Wang, R.D., 

1028



 

Wang, X.B., Liao, J.M., Gooneratne, R. (2020). 

Simultaneous quantification of aflatoxin B1, T-2 toxin, 

ochratoxin A and deoxynivalenol in dried seafood 

products by LC-MS/MS. Toxins, 12(8): 488. 

https://doi.org/10.3390/toxins12080488 

[45] National Standardization Agency of Indonesia. (2012). 

SNI ISO 4832:2012 - Microbiology of food and animal 

feeding stuffs — Horizontal method for the enumeration 

of coliforms — Colony-count technique National 

Standardization Agency of Indonesia, Jakarta. 

[46] National Standardization Agency of Indonesia. (2012). 

SNI ISO 7251:2012 - Microbiology of food and animal 

feeding stuffs — Horizontal method for the detection and 

enumeration of presumptive Escherichia coli — Most 

probable number technique. National Standardization 

Agency of Indonesia, Jakarta. 

[47] International Organization for Standardization. (2020). 

ISO 6579-1:2017/Amd 1:2020 - Microbiology of the 

food chain — Horizontal method for the detection, 

enumeration and serotyping of Salmonella — Part 1: 

Detection of Salmonella spp. International Organization 

for Standardization, Geneva. 

[48] National Standardization Agency of Indonesia. (2017). 

SNI ISO 21872-1:2017 - 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. 

National Standardization Agency of Indonesia, Jakarta. 

[49] International Organization for Standardization. (2021). 

ISO 6888-1:2021 - Microbiology of the food chain — 

Horizontal method for the enumeration of coagulase-

positive staphylococci (Staphylococcus aureus and other 

species). International Organization for Standardization, 

Geneva. 

[50] National Standardization Agency of Indonesia. (2012). 

SNI ISO 4833-1:2015 - Microbiology of the food chain - 

Horizontal method for the enumeration of 

microorganisms - Part 1: Colony count at 30℃ by the 

pour plate technique. National Standardization Agency 

of Indonesia, Jakarta. 

[51] National Standardization Agency of Indonesia. (2015). 

SNI ISO 21527-2:2012 - Microbiology of food and 

animal feeding stuffs — Horizontal method for the 

enumeration of yeasts and moulds - Part 2: Colony count 

technique in products with water activity less than or 

equal to 0,95. National Standardization Agency of 

Indonesia, Jakarta. 

[52] Susanto, D.A., Suef, M., Karningsih, P.D. (2023). Level 

of implementation of GMP and SSOP in SMEs wet 

noodle production process with gap analysis tools. 

Evergreen, 10(1): 510-518. 

https://doi.org/10.5109/6782155 

[53] Bakhtiar, A., Purwanggono, B. (2009). Analisis 

implemenntasi sistem manajemen kualitas ISO 9001: 

2000 dengan menggunakan gap analysis tools. J@Ti 

Undip, IV(3): 163-170. 

[54] Susanto, D.A. (2022). Implementation of standards in 

international trade: benefit or barrier? A case study from 

indonesia. Evergreen, 9(3): 619-628. 

https://doi.org/10.5109/4842518 

[55] Gandhi, N.S., Thanki, S.J., Thakkar, J.J. (2018). Ranking 

of drivers for integrated lean-green manufacturing for 

Indian manufacturing SMEs. Journal of Cleaner 

Production, 171: 675-689. 

https://doi.org/10.1016/j.jclepro.2017.10.041 

[56] Waluyo, P.A., Fanni, N.A., Soedrijanto, A. (2019). 

Analisis kualitas rumput laut gracilaria verrucosa di 

tambak Kabupaten Karawang Jawa Barat. Grouper, 

10(1): 32-41. https://doi.org/10.30736/grouper.v10i1.50 

[57] Maryunus, R.P., Hiariey, J., Lopulalan, Y. (2018). 

Production factors and development of the cottoni 

seaweed cultivation In Western Seram Regency. Jurnal 

Sosial Ekonomi Kelautan Dan Perikanan, 13(2): 179-192.  

[58] Rasyid, A. (2017). Evaluation of nutritional composition 

of the dried seaweed Ulva lactuca from Pameungpeuk 

waters, Indonesia. Tropical Life Sciences Research, 

28(2): 119-125. https://doi.org/10.21315/tlsr2017.28.2.9 

[59] Djaeni, M., Sari, D.A. (2015). Low temperature seaweed 

drying using dehumidified air. Procedia Environmental 

Sciences, 23: 2-10. 

https://doi.org/10.1016/j.proenv.2015.01.002 

[60] Kristiningrum, E., Susanto, D.A. (2015). Soybean 

tempeh producers capability in implementing SNI 3144: 

2009. Jurnal Standardisasi, 16(2): 99-108. 

https://doi.org/ 10.31153/js.v17i2.309 

[61] Kristiningrum, E., Nurcahyo, R., Susanto, D., Isharyadi, 

F., Mulyono, A.B., Anggraeni, P., Tampubolon, B.D., 

Harjanto, S., Hapsari, B.W. Yusuf, M. (2023). Aflatoxin 

in rice: A publication review. IOP Conference Series 

Earth and Environmental Science, 1133(1): 012035. 

https://doi.org/10.1088/1755-1315/1133/1/012035 

[62] Isharyadi, F., Kristiningrum, E., Darmayanti, N.T.E., 

Supono, I., Fuad, N.M., Ghozali, M., Rezqi, K., 

Kunharyanto, S.A., Rahmadi, I. Wijayanti, S.P. (2023). 

Modified atmosphere packaging technology for 

indonesian food products: The latest developments and 

potentials. Evergreen, 10(3): 1616-1632. 

https://doi.org/10.5109/7151710 

[63] Rohani-Ghadikolaei, K., Abdulalian, E., Ng, W.K. 

(2012). Evaluation of the proximate, fatty acid, and 

mineral composition of representative green, brown, and 

red seaweeds from the Persian Gulf of Iran as potential 

food and feed resources. Journal of Food Science and 

Technology, 49: 774-780. 

https://doi.org/10.1007/s13197-010-0220-0 

[64] Santhoshkumar, P., Yoha, K.S. Moses, J.A. (2023). 

Drying of seaweed: Approaches, challenges and research 

needs. Trends in Food Science & Technology, 138: 153-

163. https://doi.org/10.1016/j.tifs.2023.06.008 

[65] Filippini, M., Baldisserotto, A., Menotta, S., Fedrizzi, G., 

Rubini, S., Gigliotti, D., Valpiani, G., Buzzi, R., 

Manfredini, S., Vertuani, S. (2021). Heavy metals and 

potential risks in edible seaweed on the market in Italy. 

Chemosphere, 263: 127983. 

https://doi.org/10.1016/j.chemosphere.2020.127983 

[66] Anbazhagan, V., Partheeban, E.C., Arumugam, G., 

Arumugam, A., Rajendran, R., Paray, B.A., Al-Sadoon, 

M.K., Al-Mfarij, A.R. (2021). Health risk assessment 

and bioaccumulation of metals in brown and red 

seaweeds collected from a tropical marine biosphere 

reserve. Marine Pollution Bulletin, 164: 112029. 

https://doi.org/10.1016/j.marpolbul.2021.112029 

[67] Rajendran, K., Sampathkumar, P., Govindasamy, C., 

Ganesan, M., Kannan, R., Kannan, L. (1993). Levels of 

trace metals (Mn, Fe, Cu, and Zn) in some Indian 

seaweeds. Marine Pollution Bulletin, 26(5): 283-285. 

https://doi.org/10.1016/0025-326X(93)90070-Z 

[68] Tega, Y.R., Herawati, E.Y., Kilawati, Y. (2019). Heavy 

1029



 

metal (Pb) and its bioaccumulation in red algae 

(Gracilaria sp.) at Kupang Village, Jabon Sub-District, 

Sidoarjo District. The Journal of Experimental Life 

Science, 9(2): 139-146. 

https://doi.org/10.21776/ub.jels.2019.009.02.13 

[69] Djarot, I.N., Pawignya, H., Handayani, T., Widyastuti, 

N., Nuha., N., Arianti, F.D., Pertiwi, M.D., Rifai, A., 

Isharyadi, F., Wijayanti, S.P., Nur, M.M.A. (2024). 

Enhancing sustainability: Microalgae cultivation for 

biogas enrichment and phycoremediation of palm oil mill 

effluent - a comprehensive review. Environmental 

Pollutants and Bioavailability, 36(1): 2347314, 

https://doi.org/10.1080/26395940.2024.2347314 

[70] Foday, J.E.H., Bo, B., Xu, X.H. (2021). Removal of toxic 

heavy metals from contaminated aqueous solutions using 

seaweeds: A review. Sustainability, 13(21): 12311. 

https://doi.org/10.3390/su132112311 

[71] Handhani, A.R., Ambariyanto, A., Supriyantini, E. 

(2017). Reduction of Pb concentration in seawater by 

seaweed Gracilaria verrucosa. Aquaculture, Aquarium, 

Conservation & Legislation (AACL) Bioflux, 10(4): 

703-709. 

[72] Siddique, M.A.M., Hossain, M.S., Islam, M.M., Rahman, 

M., Kibria, G. (2022). Heavy metals and metalloids in 

edible seaweeds of Saint Martin's Island, Bay of Bengal, 

and their potential health risks. Marine Pollution Bulletin, 

181: 113866. 

https://doi.org/10.1016/j.marpolbul.2022.113866 

[73] Yennie, Y., Gunawan, G., Ariyani, F. (2021). Prevalensi 

dan tingkat kontaminasi listeria monocytogenes di 

tambak dan unit pengolahan udang vaname (litopenaeus 

vannamei) untuk pasar ekspor. Jurnal Pascapanen Dan 

Bioteknologi Kelautan Dan Perikanan, 16(2): 83. 

https://doi.org/10.15578/jpbkp.v16i2.702 

[74] Schwarz, M.H., Kuhn, D., Crosby, D., Mullins, C., 

Nerrie, B., Semmens, K. (2017). Good aquacultural 

practices. SRAC Publication No. 4404. Southern 

Regional Aquaculture Center. 

[75] Numberi, Y., Budi, S., Salam, S. (2021). Analisis 

oseanografi dalam mendukung budidaya rumput laut 

(eucheuma cottonii) di teluk sarawandori distrik kosiwo 

yapen-papua. Urban and Regional Studies Journal, 2(2): 

71-75. https://doi.org/10.35965/ursj.v2i2.569 

[76] Duarte, C.M., Bruhn, A., Krause-Jensen, D. (2022). A 

seaweed aquaculture imperative to meet global 

sustainability targets. Nature Sustainability, 5(3): 185-

193. https://doi.org/10.1038/s41893-021-00773-9 

[77] Indriyani, S., Mahyuddin, H., Indrawati, E. (2019). 

Analisa faktor Osenografi Dalam Mendukung Budidaya 

Rumput Laut Kappaphycus alvarezii di Perairan Pulau 

Sembilan Kabupaten Sinjai. Journal of Aquaculture and 

Environment, 2(1): 6-11. 

https://doi.org/10.35965/jae.v2i1.377 

[78] Pranata, B., Raharjo, S., Manaf, M., Lapadi, I. Paisey, A. 

(2022). Feasibility study of seaweed cultivation locations 

in the Waters of Menyumfoka Village and Kaki Island, 

Manokwari Regency. Jurnal Sumberdaya Akuatik 

Indopasifik, 6(1): 25-36. https://doi.org/10.46252/jsai-

fpik-unipa.2021.Vol.6.No.1.188 

[79] Rosman, A., Zahir, A., Sarwinda, E., Suherman, A.W. 

(2019). Perancangan sistem monitoring kualitas air (suhu 

dan salinitas) lahan budidaya rumput laut menggunakan 

mikrokontroler. Indonesian Journal of Fundamental 

Sciences, 5(2): 81. 

https://doi.org/10.26858/ijfs.v5i2.11109 

[80] Sharma, S., Mishra, A., Shukla, K., Jindal, T. Shukla, S., 

(2020). Food contamination: It's stages and associated 

illness. International Journal of Pharmaceutical, 

Chemical & Biological Sciences, 10(4): 116-128. 

[81] Kruijssen, F., Newton, J., Kuijpers, R., Bah, A., Rappoldt, 

A., Nichols, E., Kusumawati, R., Nga, D.N. (2021). 

Assessment of social impact of GAA’s ‘Best 

Aquaculture Practices’ certification. KIT Royal Tropical 

Institute: Amsterdam. 

[82] Afif, M.T., Utomo, A.D.N., Zafia, A. (2023). Internet of 

things sebagai alat penentuan lokasi budidaya rumput 

laut gracilaria Sp. Jurnal Media Informatika Budidarma, 

7(1): 492-500. http://dx.doi.org/10.30865/mib.v7i1.5567 

[83] Halid, I, Djunaedi, N. (2022). Application of appropriate 

technology bio fad’s in an effort to increase small-scale 

fisherman’s income in less season. Jurnal Abdi Insani, 

9(4): 1457-1465. 

https://doi.org/10.29303/abdiinsani.v9i4.788 

[84] Triyanti, R., Shafitri, N. (2012). Kajian pemasaran Ikan 

Lele (Clarias Sp) Dalam Mendukung Industri Perikanan 

Budidaya (Studi Kasus di Kabupaten Boyolali, Jawa 

Tengah). Jurnal Sosial Ekonomi Kelautan Dan Perikanan, 

7(2): 177-191. 

[85] Basyuni, M., Puspita, M., Rahmania, R., Albasri, H., 

Pratama, I., Purbani, D., Aznawi, A.A., Mubaraq, A., 

Mustaniroh, S.S.A., Menne, F., Rahmila, Y.I., Severino, 

G.SI., Susilowati, A., Larekeng, S.H., Ardli, E., Kajita, T. 

(2024). Current biodiversity status, distribution, and 

prospects of seaweed in Indonesia: A systematic review. 

Heliyon, 10(10): e31073. 

https://doi.org/10.1016/j.heliyon.2024.e31073 

[86] Kelly, E.L., Cannon, A.L., Smith, J.E. (2020). 

Environmental impacts and implications of tropical 

carrageenophyte seaweed farming. Conservation 

Biology, 34(2): 326-337. 

https://doi.org/10.1111/cobi.13462 

[87] Thomsen, M.S., Wernberg, T., Engelen, A.H., Tuya, F., 

Vanderklift, M.A., Holmer, M., McGlathery, K.J., 

Arenas, F., Kotta, J., Silliman, B.R. (2012). A meta-

analysis of seaweed impacts on seagrasses: Generalities 

and knowledge gaps. PLOS One, 7(1): e28595. 

https://doi.org/10.1371/journal.pone.0028595 

[88] Spillias, S., Cottrell, R.S., Kelly, R., O’Brien, K.R., 

Adams, J., Bellgrove, A., Kelly, B., Kilpatrick, C., 

Layton, C., Macleod, C., Roberts, S., Stringer, D.N., 

McDonald-Madden, E. (2022). Expert perceptions of 

seaweed farming for sustainable development. Journal of 

Cleaner Production, 368: 133052. 

https://doi.org/10.1016/j.jclepro.2022.133052 

[89] Zamroni, A., Laoubi, K., Yamao, M. (2011). The 

development of seaweed farming as a sustainable coastal 

management method in Indonesia: An opportunities and 

constraints assessment. WIT Transactions on Ecology 

and the Environment, 150: 505-516. 

https://doi.org/10.2495/SDP110421 

[90] Apriliana, A., Sukaris, S. (2022). Analisa Kualitas 

Layanan Pada CV. Singoyudho Nusantara. Jurnal 

Maneksi (Management Ekonomi Dan Akuntansi), 11(2): 

498-504. https://doi.org/10.31959/jm.v11i2.1246 

[91] Isharyadi, F., Kristiningrum, E. (2021). Profile of system 

and product certification as quality infrastructure in 

Indonesia. Open Engineering, 11(1): 556-569. 

https://doi.org/10.1515/eng-2021-0054 

1030



 

[92] Fitriana, R., Kurniawan, W., Siregar, J.G. (2020). 

Pengendalian Kualitas pangan dengan penerapan Good 

Manufacturing Practices (GMP) pada proses produksi 

dodol betawi (Studi Kasus UKM MC). Jurnal Teknologi 

Industri Pertanian, 30(1): 110-127. 

https://doi.org/10.24961/j.tek.ind.pert.2020.30.1.110 

[93] Susanto, D.A., Suef, M., Karningsih, P.D. (2022). 

Effectiveness of hazard control through HACCP critical 

control points in the wet noodle production process on 

product quality. International Journal of Applied Science 

and Engineering, 19(2): 1-9. 

https://doi.org/10.6703/IJASE.202206_19(2).001 

[94] Sharif, S., Rehman, S.U., Ahmad, Z., Albadry, O.M., 

Zeeshan, M. (2024). Consumer quality management for 

beverage food products: Analyzing 

consumer’perceptions toward repurchase intention. The 

TQM Journal, 36(2): 431-459. 

https://doi.org/10.1108/TQM-01-2022-0012 

[95] Nilsson, L., Johnson, M.D., Gustafsson, A. (2001). The 

impact of quality practices on customer satisfaction and 

business results: Product versus service organizations. 

Journal of Quality Management, 6(1): 5-27. 

https://doi.org/10.1016/S1084-8568(01)00026-8 

[96] Putri, A.A.A., Hartini, S. (2021). Sustainable value 

stream mapping design to improve sustainability 

performance of animal feed production process. 

Evergreen, 8(1): 107-116. 

https://doi.org/10.5109/4372266 

[97] Medina-Merodio, J.A., De-Pablos-Heredero, C., 

Jimenez-Rodriguez, L., Fernandez-Sanz, L., Robina-

Ramirez, R., Andres-Jimenez, J. (2020). A framework to 

support the process of measurement of customer’s 

satisfaction according to ISO 9001. IEEE Access, 8: 

102554-102569. 

https://doi.org/10.1109/ACCESS.2020.2998434 

[98] Isharyadi, F., Ayuningtyas, U., Kiemas, R.A., Ulfah, F., 

Purnamasari, B.D., Pratiwi, A.I. (2022). Analysis of eco-

label certification implementation on eco-friendly 

products in Indonesia. IOP Conference Series: Earth and 

Environmental Science, 1108: 012002. 

https://doi.org/10.1088/1755-1315/1108/1/012002 

[99] International Organization for Standardization. (2006). 

ISO 14044:2006 - Environmental management — Life 

cycle assessment — Requirements and guidelines. 

International Organization for Standardization, Geneva. 

[100] Oirschot, R.V., Thomas, J.B.E., Gröndahl, F., Fortuin, 

K.P., Brandenburg, W., Potting, J. (2017). Explorative 

environmental life cycle assessment for system design of 

seaweed cultivation and drying. Algal Research, 27(11): 

43-54. https://doi.org/10.1016/j.algal.2017.07.025 

[101] Seghetta, M., Goglio, P. (2018). Life cycle 

assessment of seaweed cultivation systems. Biofuels 

from Algae, 103-119. 

https://doi.org/10.1007/7651_2018_203 

 

 

NOMENCLATURE 

 

GAP Good Agricultural Practices 

TPN Total Plate Number (microbial 

contamination) 

℃ Celsius degree 

Spp Species pluralis 

Sp. Species (botany) 

Hg Hydrargyrum (mercury) 

Pb Plumbum (lead) 

Cd Cadmium 

As Arsenic 

CAW Clean Anhydrous Weed 

SNI Indonesian National Standard 

ISO International Standard (International 

Organization for Standardization) 

VRBL Violet Red Bile Lactose 

EC Broth  Escherichia coli Broth 

RVS Broth Rappaport-Vassiliadis Broth 

MKTTn Muller-Kauffmann Tetrathionate 

Novobiocin 

ASPW Alkaline Saline Peptone Water 

TCBS Thiosulfate Citrate Bile Salts Sucrose 

TSAT Triphenyltetrazolium Chloride Soya 

Tryptone 

XLD Agar Xylos-Lysine-Desoxycholat Agar 

TSIA Triple Sugar Agar 

LDB L-Lysine Decarboxylase 

dSPE 1,2-Distearoyl-sn-glycero-3-

phosphoethanolamine 

LC-MSMS Liquid Chromatography Tandem - Mass 

Spectrometry 

HNO3 Nitric acid 

ICP-MS Inductively Coupled Plasma - Mass-

Spectrometry 

GMP Good Manufacturing Practice 

QMS Quality Management System 

mL milliliter 

μm micrometers 

mg/kg milligram per kilogram 

CFU/g colony-forming unit per gram 

MPN/g Most Probable Number per gram 

g gram 

% percent 
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