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1. INTRODUCTION 

South Asian applesnails (SAA) (Pila ampullacea) are 

primary pests of rice plants. Despite their appealing 

taste and high nutritional content, their consumption 

remains limited due to a chewy texture and fishy 

aroma. 

SAA are mollusks commonly consumed in various 

regions of Asia, including the Philippines, Singapore, 

and the Indonesian islands of Kalimantan, Sumatera,  
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and Java. They are typically found in rice fields, 

ditches, lakes, ponds, and wetlands, and can survive 

the dry season. SAA exhibit a diverse diet, primarily 

feeding on organic matter in their habitat, with a 

preference for vegetables and plant material (Delvita 

et al., 2015). They pose significant threats to rice 

crops in Southeast Asia and Indonesia (K. Saputra et 

al., 2018). 

Penukal Abab Lematang Ilir (PALI) is an 

autonomous region located in South Sumatra 

Province of Indonesia. The local economy of the 

province is predominantly agricultural, with crops 

ranging from rubber and oil palm to rice. The 

extensive rice fields in PALI Regency serve as a 

habitat for the SAA population. 

Research conducted by Oktasari (2014) revealed that 

SAA contain 15% protein, 2.4% fat and 24% ash. 

Additionally, SAA are rich in essential minerals, 

particularly calcium, thus underscoring their potential 

as nutritious food. 

Protein extraction is the process of isolating proteins 

from biological samples usually with the aid of 
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solvents. Aquatic protein extraction can employ 

various polar solvents, including phosphate buffers 

(Nasyiruddin, Noman, et al., 2019; Nasyiruddin, 

Mahdi, et al., 2019; Nasyiruddin et al., 2021) and 

ethanol (Rieuwpassa & Cahyono, 2019; Rieuwpassa 

et al., 2021). Ethanol is a colorless, flammable liquid 

with a distinctive odor that can easily evaporate and 

mix with water. Its ability to penetrate cell walls 

facilitates cell dispersion and accelerates the 

extraction of bioactive compounds (Laili, 2021). 

Despite its application in extraction from other 

sources, there is limited data on use of ethanol as a 

solvent for extracting protein isolates from SSA. 

Against this background, therefore it was the aim of 

this study to determine the potential of extracting 

SAA protein by using a 90% ethanol solution. This 

study is expected to provide useful insights into the 

economic value of SAA, their utility in food, feed and 

pharmaceutical industries. 

 

2. MATERIAL AND METHOD 

The study was conducted from April to June 2024 

across three locations. It involved several key 

processes: the preparation of SAA meat, the 

production of SAA meat flour, the extraction of SAA 

protein concentrate (SPC), the determination of 

proteins and organoleptic properties in particular 

colour and aroma of the SPC product. The study was 

conducted at the Fisheries Product Technology 

Workshop Laboratory within the Faculty of Fisheries 

and Marine Sciences at the University of PGRI 

Palembang. 

Proximate analysis including assessments of protein, 

fat, water content and color measurements (L*, C*, 

H*, a*, b* values) were conducted in Chemistry and 

Microbiology Laboratory at Sriwijaya University. 

Protein profiling was performed using Sodium 

Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

(SDS-PAGE) in Laboratory of Purification and 

Molecular Biology, Faculty of Technobiology, 

University of Surabaya. 

 

 

Figure 1. South Asian applesnail (Pila ampullacea) 

The primary material used in this research was South 

Asian applesnail (Pila ampullacea), with individual 

weights ranging from 10 to 30 g. These specimens 

were collected from rice fields in PALI (Penukal 

Abab Lematang Ilir) Regency, South Sumatra 

Province, Indonesia. 

Chemicals employed included ethanol (95%, 

technical grade, Onemed, Cikarang, Indonesia), 

selenium (99.0-100.5%, SeO2 in HN), and boric acid 

(99.5-100.5%), were all sourced from Merck 

(Darmstadt, Germany). Additional chemicals 

included SDS (Promega, Switzerland), tris base 

(Himedia, India), and acrylamide (Sigma Aldrich, 

India). High-purity and analytical-grade chemicals 

and reagents were utilized throughout this study. 

Equipment used in the study included a blender (HR 

2115, Philips, Netherlands), an oven for drying the 

protein concentrate (EO-35ST, Sharp, Indonesia), a 

colorimeter (NH310, Master Supply, Indonesia), 

Kjeldahl flasks (50 mL, Iwaki, Indonesia), a Soxhlet 

extractor (500 mL, Iwaki, Indonesia), a Mini Protean 

Tetra Cell (Bio-Rad Laboratories, Inc., Berkeley, 

California, USA), and an analytical balance (0.0001 

g, Fujitsu). 

2.1 Preparation of South Asian applesnail (SAA) 

Meat 

Preparation of SAA meat was conducted following 

the methods of Laili (2021) and Rieuwpassa & 

Cahyono (2019), with modifications. The SAA were 

washed multiple times until the mucus on their outer 

surface was completely removed. The SAA were then 

immersed in boiling water set at 100℃ for 15 

minutes. The SAA were separated into shell, meat 

and innards. The meat was washed again with tap 

water. Finally, the SAA meat was cut into small 

pieces (1-5 g). 

 

Figure 2. South Asian applesnail/SAA (Pila 

ampullacea) Meat 
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2.2 Processing South Asian applesnail (SAA) Meat 

into SAA Meat Flour 

Preparation of SAA meat flour was performed by 

using the methods of Laili (2021) and Rieuwpassa & 

Cahyono (2019), with modifications. The SAA meat, 

previously cut into pieces, was dried in an oven at 

70°C for 6 hours. After drying, the SAA meat was 

ground using a blender (food blender, medium speed 

for around 5 min to produce SAA meat flour, which 

was designated as the control (P0). 

2.3 Processing South Asian applesnail (SAA) Meat 

into SAA Protein Concentrate Flour (SPC) 

Preparation of SAA meat concentrate flour (SPC) was 

done following the methods of Laili (2021) and 

Rieuwpassa & Cahyono (2019), with modifications. 

A total of 200 g of small pieces of SAA meat was 

placed into a glass jar and mixed with 300 mL of 90% 

ethanol, maintaining a ratio of 2:3 (weight of meat to 

volume of ethanol). The jar was sealed and allowed 

to stand for 24 hours (P1), 28 hours (P2), and 32 hours 

(P3), with stirring every 4 hours. During the 

extraction process, the solvent transitioned from clear 

to yellowish. The mixture was then filtered using 

calico cloth to separate the solid and liquid 

components. The resulting solid, identified as SAA 

concentrate (SPC), was dried in an oven at 70°C for 

6 hours. The dried SPC was subsequently ground 

using a blender to produce SPC flour, which served 

as the research samples. The SPC flour was packaged 

in tightly sealed plastic containers and stored in a dry 

location before use. 

 

Figure 3. South Asian applesnail (Pila ampullacea) 

Meat Flour (P0) and Protein Concentrate Flour (P1, 

P2, P3) 

2.4 Proximate Analysis 

Proximate analysis included moisture content, 

protein, fat, carbohydrate and ash content. The tests 

were conducted according to the SNI 01-2891-1992 

method (BSN, 1992). 

2.4.1 Protein Content Analysis 

The sample was carefully weighed to 0.51 g and then 

placed into a 100 ml Kjeldahl flask. Subsequently, 2 

g of a selenium mixture was added (the mixture 

consisted of 2.5 g of SeO2 powder, 100 g of K2SO4, 

30 g of CuSO4·5H2O, and 25 ml of concentrated 

H2SO4). The mixture was then heated on an electric 

heater until boiling, and the solution turned clear and 

slightly greenish (approximately 2 hours). The 

solution was allowed to cool and then diluted by 

transferring it to a 100 ml volumetric flask, which was 

filled to the mark with distilled water. Next, 5 ml of 

the solution was pipetted and placed into a distillation 

apparatus, followed by the addition of 5 ml of 30% 

sodium hydroxide (NaOH) solution (prepared by 

dissolving 150 g of NaOH in 350 ml of water and 

storing it in a rubber-stoppered bottle) and a few 

drops of phenolphthalein (PP) indicator (prepared by 

mixing 10 ml of bromocresol green solution (0.1% in 

95% alcohol) and 2 ml of methyl red solution (0.1% 

in 95% alcohol)). The solution was distilled for 

approximately 10 minutes, with 10 ml of a 2% boric 

acid (H3BO3) solution used as the receiver (prepared 

by dissolving 10 g of H3BO3 in 500 ml of distilled 

water, and after cooling, transferred to a glass-

stoppered bottle). The boric acid solution was then 

mixed with 5 ml of the indicator solution. The 

condenser was rinsed with distilled water, and the tip 

was titrated with 0.01 N HCl solution. A blank 

determination was also performed. 

Protein content was calculated according to the 

formula: 

𝐏𝐫𝐨𝐭𝐞𝐢𝐧 𝐂𝐨𝐧𝐭𝐞𝐧𝐭 (%) =
(𝑽𝟏 − 𝑽𝟐) ×  𝑵 ×  𝟎. 𝟎𝟏𝟒 ×  𝒇𝒌 ×  𝒇𝒑

𝑾
× 𝟏𝟎𝟎% 

Where : 

W = The weight of the sample 

V1 = Volume of 0.01 N HCl used for titration 

of the sample 

V2 = Volume of HCl used for titration of the 

blank 

N = Normality of HCl 

fk = Protein conversion factor (6.25 for food 

ingredients)  

fp =  Dilution factor 

2.4.2 Fat Content Analysis 

The sample was carefully weighed to 1-2 g and placed 

into a paper sleeve lined with cotton. The paper sleeve 

containing the sample was then sealed with dry cotton 

and dried in an oven at a temperature of 80°C for one 

hour. Afterward, it was transferred into a Soxhlet 

apparatus that was connected to a fat flask containing 

a boiling stone, which had been dried and its weight 

previously determined. The sample was extracted 

with hexane for 6 hours. The extract was then distilled 
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with hexane and the fat extract was dried in a drying 

oven at 105°C. After cooling, the extract was 

weighed. The drying process was repeated until a 

constant weight was obtained. 

Fat content was calculated according to the formula: 

Fat Content (%) =
𝑊 − 𝑊1

𝑊2
×  100% 

Where : 

W =  The weight of the sample, in grams 

W1 =  The weight of the fat flask before extraction, 

in grams 

W2 =  The weight of the fat flask after extraction, in 

grams 

2.4.3 Moisture Content Analysis 

The sample weighing 1-2 g was carefully measured 

into a pre-weighed, sealed weighing bottle. For liquid 

samples, the weighing bottle was equipped with a 

stirrer and either quartz sand or folded filter paper. 

The sample was dried in an oven at 105°C for 3 hours. 

It was then cooled in a desiccator. The sample was 

weighed, and the procedure was repeated until a 

constant weight was obtained. 

Moisture content was calculated according to the 

formula: 

Water Content (%) =
𝑊

𝑊1
×  100% 

Where : 

W  =  The weight of the sample before drying, in 

grams 

W1 =  The weight loss after drying, in grams 

2.4.4 Ash Content Analysis 

A 2-3g sample was carefully weighed into a pre-

weighed porcelain (or platinum) dish. For liquid 

samples, the sample was evaporated over a water bath 

until dry. It was then ashed over a flame and 

subsequently ignited in a muffle furnace at 550°C 

until complete combustion occurred (occasionally, 

the furnace door was slightly opened to allow oxygen 

to enter). The sample was cooled in a desiccator and 

weighed until a constant weight was obtained. 

Ash content was calculated using the formula: 

Ash Content (%) =
𝑊1 − 𝑊2

𝑊
×  100% 

Where : 

W = The weight of the sample before ashing, in 

grams 

W1 =  The weight of the sample and dish after 

ashing, in grams 

W2 =  The weight of the empty dish, in grams 

2.5 Protein Profile Analysis 

Analysis of the protein profile was conducted using 

SDS-PAGE, following the method described by 

Laemmli (1970) and Fadhila & Darmawati (2017). 

A 50 mg sample powder was mixed with 500 µL of 

PBS (Phosphate-Buffered Saline/PBS) prepared by 

dissolving 8 g of NaCl, 0.2 g of KCl, 1.44 g of 

Na2HPO4, and 0.24 g of KH2PO4 in 800 ml of distilled 

H2O. The pH was adjusted to 7.4 using HCl. Distilled 

water was added to bring the total volume to 1 liter. 

The solution was dispensed into aliquots and 

sterilized by autoclaving for 20 minutes at 15 lb/sq.in. 

on the liquid cycle. The solution was stored at room 

temperature. The mixture was briefly vortexed then 

sonicated for 3.5 minutes. The solution was 

centrifuged at 10,000 rpm for 15 minutes at 4 ℃. A 

15 µL aliquot of the supernatant was taken and mixed 

with 15 µL of 2x sample buffer (1 M Tris-HCl pH 6.8 

0.6 ml, 50% glycerol 5 ml, 10% SDS 2 ml, 0.5 ml of 

2-mercaptoethanol, 1% bromophenol blue 1 ml, and 

0.9 ml of aquabides). The solution was vortexed, spun 

down, and then incubated in a water bath at 100 ℃ 

for 5 minutes. 

The preparation of the separating and stacking gel 

was carried out as follows. The gel plates were 

arranged properly and checked to ensure that no wells 

were leaking. The separating gel (12.5%) was 

prepared by mixing 3.125 ml of acrylamide stock and 

2.75 ml of 1 M Tris pH 8.8 in a 50 ml beaker. The 

beaker was then covered and gently shaken. A 1.505 

ml of aquabidest, 75 µL of 10% SDS, 75 µL of 10% 

APS, and 6.25 µL of TEMED (tetra methyl ethylene 

diamine) were added sequentially, in a beaker, 

covered and the beaker was gently shaken after each 

addition. The solution was immediately poured into 

the gel casting plate, ensuring that no air bubbles 

formed. Aquabidest was slowly added on top of the 

gel solution in the plate to prevent the gel surface 

from becoming uneven. The gel was allowed to 

polymerize for 30 minutes (indicated by the 

formation of a transparent line between the water and 

the formed gel), after which the water overlaying the 

separating gel was discarded. After the gel had 

polymerized, the stacking gel was prepared following 

the same procedure as above, with the following 

composition: 0.45 ml of 30% acrylamide-bis, 0.38 ml 

of 1 M Tris pH 6.8, 2.11 ml of aquabidest, 30 µL of 

10% SDS, 5 µL of TEMED, and 30 µL of 10% APS. 

The running of the sample on the gel wells was 

carried out as follows. The plate containing the gel 

was placed into the electrophoresis chamber, and 

running buffer was poured until the top and bottom of 

the gel were submerged. A running buffer with pH 

8.3, prepared by dissolving 1.52 g of Tris, 7.2 g of 
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glycine, 0.5 g of SDS, and adding aquabidest to a final 

volume of 500 ml, was used. Then, 10-20 µL of the 

sample (with protein content between 1 µg and a 

maximum of 20-40 µg) was carefully loaded into the 

bottom of the gel wells using a micropipette. Running 

was initiated by connecting the electrophoresis 

apparatus to the power supply. The electrophoresis 

was carried out at 20 mA for 40-50 minutes until the 

tracking dye reached a distance of 0.5 cm from the 

bottom of the gel. After completion, the gel was 

stained with a staining solution (1 gram of Coomassie 

Blue R-250, 450 ml of methanol, 450 ml of 

aquabidest, and 100 ml of glacial acetic acid) for 15 

minutes with gentle shaking. The gel was then 

washed in a destaining solution consisting of 100 ml 

of methanol, 100 ml of glacial acetic acid, and 800 ml 

of aquabidest for 30 minutes with gentle shaking. The 

gel was pressed and dried for 48 hours in a dark room. 

To determine the molecular weight of the protein, the 

Rf (retention factor) value was calculated and plotted 

on a logarithmic graph against the Rf values of 

protein markers with known molecular weights. 

2.6 Color Test 

The color test was conducted using a standardized 

colorimeter following the method described by 

Hendra Permana Aditya, Herpandi, Susi Lestari 

(2016). The sample was then placed under the 

colorimeter lens, and the reflectance values for L*, 

C*, H*, a* and b* were recorded from the measuring 

device. 

2.7 Organoleptic Test (Aroma)  

Organoleptic test was conducted to determine 

differences in sensory quality among several similar 

products based on the aroma of SPC samples, 

following the method described by Asriani et al. 

(2019). The 20 semi-trained panelists were engaged 

in testing a triplicate of the samples. Prior to the 

scoring test, panelists filled out a standardized form, 

assigning scores as follows: 5 for "Very strong 

aroma," 4 for "Strong aroma," 3 for "Weak aroma," 2 

for "Very weak aroma," and 1 for "No aroma." 

2.8 Research Design 

The study employed a completely randomized design 

with a single treatment, namely the extraction time of 

South Asian applesnails (SAA) using a 90% ethanol 

solution. Four treatment levels were assessed, namely 

0 hours (P0 or control), 24 hours (P1), 28 hours (P2), 

and 32 hours (P3), with each level replicated three 

times. 

2.9. Data Analysis 

The data obtained were expressed as means. A one-

way analysis of variance (ANOVA) was conducted to 

determine statistical differences among the treatment 

groups. Significant differences between means were 

identified using Duncan's multiple range test at p 

value < 0.05. Statistical analyses were performed 

using IBM SPSS Statistics 20.0 (IBM SPSS Software, 

USA). 

3. RESULT AND DISCUSSION 

3.1 Proximate Composition of SAA Meat 

Proximate composition included the percentage of 

five basic nutritional components, namely moisture, 

protein, fat, ash, and carbohydrate content. Proximate 

analysis revealed that the moisture, ash, fat, and 

protein contents were 65.92%, 3.15%, 0.31%, and 

32.76%, respectively, with carbohydrate content 

(calculated by difference) at 1.26%. The results 

indicate that SAA meat is high in protein content 

(32.76%), low in fat (0.31%), and contains a modest 

amount of carbohydrates (1.26%), making it suitable 

for consumption. The moisture content, which 

influences the freshness and shelf life of food 

ingredients, was found to be 65.92% in fresh SAA 

meat. Additionally, the ash content in fresh SAA meat 

was measured at 3.15%.  

Previous studies have shown that the nutritional 

content of SAA meat competes with other aquatic 

commodities. The protein content of SAA was found 

to be higher, while its fat content was lower compared 

to other snails (Archachatina marginata and 

Archatina fulica) and fishes (Catla catla and Labeo 

rohita). Additionally, the ash content was higher in 

comparison to those snails but lower than in fishes 

(Ngobidi et al., 2024; Mahboob et al., 2019).  

3.2 Protein, Fat and Water Content in SAA Meat 

Flour and SPC  

3.2.1 Protein Content 

The results of the protein content analysis for SAA 

meat flour (control P0) and SAA protein concentrate 

(SPC) flour (samples P1, P2, and P3) are presented in 

Figure 4 below. 
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Figure 4. Effect of extraction time on the protein content of South Asian applesnail meat flour (P0) and 

protein concentrate flour (P1, P2, P3). Duncan’s multiple range test (p < 0.05, n = 3) 

Protein is an essential nutrient for the body, serving 

not only as a source of energy but also as a builder 

and regulator of bodily functions. It can act as a 

backup energy source when the body's energy 

requirements are not met by carbohydrates and fats. 

Additionally, protein is crucial for forming new 

tissues and maintaining existing ones in the human 

body (Apriansyah et al., 2021). 

The analysis of protein content in SPC flour revealed 

that the average protein content on a dry basis varied 

with extraction time. Specifically, treatment P3 (32 

hours) exhibited the lowest protein content, while 

treatment P2 (28 hours) showed the highest. On the 

other hand, results as shown in Figure 4 indicated no 

significant differences between samples, based on 

both dry and wet basis data. This is in line with the 

findings of Setyarini et al. (2024), which concluded 

that the number of extractions, which correlates with 

a longer extraction time, did not have a significant 

effect on the protein content of catfish (Clarias 

gariepinus). Previous research by Nkansah et al. 

(2021) showed that the values of dry meat protein 

contents in three snail species, namely Achatina 

achatina, Achatina fulica, and Archachatina 

marginata, were higher than SAA meat flour and SPC 

content. 

3.2.2 Fat Content 

Fat is a class of lipids characterized by its insolubility 

in water and solubility in organic solvents. It serves 

as a highly effective source of energy, surpassing both 

protein and carbohydrates in energy yield (Pargiyanti, 

2019). 

In terms of dry basis fat content, the analysis of SPC 

flour revealed that varying extraction times 

influenced fat levels. Specifically, treatment P1 (24 

hours) exhibited the lowest fat content, whereas 

treatment P3 (32 hours) showed the highest fat 

content. The protein extraction process using alcohol 

was found to increase protein content and decrease fat 

content (Setyarini et al., 2024). The higher fat content 

in the P3 treatment was correlated with a lower 

protein content compared to the other treatments. The 

observed low fat content is indicative of successful 

protein concentrate preparation. Factors contributing 

to this outcome include the type of raw material, 

extraction method, drying technique, and extraction 

duration. The values of SAA and SPC fat content was 

lower than the dry meat fat content of other snail 

species, namely Achatina achatina, and 

Archachatina marginata (5.06%, and 4.37%, 

respectively) (Nkansah et al., 2021). 

 

Figure 5. Effect of extraction time on the fat content of South Asian applesnail meat flour (P0) and protein 

concentrate flour (P1, P2, P3). Different letters (a - c) indicate significant differences identified by Duncan’s 

multiple range test (p < 0.05, n = 3). Comparisons were made within the same data presentation (either dry 

basis or wet basis). 
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3.2.3 Moisture Content 

Moisture content reflects water content which can 

exist as either an intracellular or extracellular 

component. Moisture content significantly influences 

the acceptability, freshness, taste, and overall quality 

of food ingredients (Daud et al., 2019). 

The analysis of moisture content in SPC flour 

extracted over different time intervals revealed that 

the sample extracted for 24 hours contained 14.71% 

moisture, while the sample extracted for 28 hours 

showed a slightly lower water content of 14.38%. The 

sample extracted for 32 hours had an even lower 

water content of 9.69%. The decrease in moisture 

content of the protein concentrate, which is correlated 

to an increasing number of extractions and longer 

extraction time, is consistent with previous studies by 

Setyarini et al. (2024). The ethanol solution used in 

the extraction process may facilitate water 

evaporation, and the reduction in water content can 

also be attributed to the prolonged extraction duration 

(Laili, 2021).  

 

Figure 6. Effect of extraction time on the moisture content of South Asian applesnail meat flour (P0) and 

protein concentrate flour (P1, P2, P3). Different letters (a - b) indicate significant differences identified by 

Duncan’s multiple range test (p < 0.05, n = 3). 

3.3 Protein Profile by SDS-PAGE 

Protein profile characterization was conducted using 

SDS-PAGE was conducted to determine protein 

types based on their molecular weight and monitor 

protein purification processes. 

 

Figure 7. SDS-PAGE test results of South Asian applesnail meat flour (control P0) and SAA protein 

concentrate (SPC) flour (samples P1, P2, P3). Sample designations: A, B, C correspond to P1; D, E, F 

correspond to P2; G, H, I correspond to P3. 

Differences in protein profiles within the SPC flour 

are evident from the distinct bands observed in the 

electrophoresis results, along with variations in 

molecular weight. The SDS-PAGE analysis revealed 

five protein bands with molecular weights of 11 kDa, 

17 kDa, 20 kDa, 25 kDa, 35 kDa, and 48 kDa. The 

most abundant band were 35 kDa. The proteins within 

the range of 11-37 kDa were identified as histone 

proteins (Joshi et al., 2012). Additionally, the 48 kDa 

band is attributed to a protein derived from snail 
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mucus, which serves an antibacterial function 

(Velkova et al., 2024). 

Histone proteins are a type of protein found in the 

nuclei of eukaryotic cells, where they associate with 

DNA to form nucleosome structures. There are five 

main types of histone protein subunits: H1, H2A, 

H2B, H3, and H4. Each of these subunits is 

characterized by a high content of cationic (positively 

charged) and hydrophobic amino acids. Histone 

proteins have demonstrated antibacterial properties 

against Staphylococcus aureus and Escherichia coli, 

suggesting their potential as functional food 

ingredients (Viruly et al., 2019).   

According to Nurilmala & Ochiai (2016) and 

Nurilmala et al. (2017), several factors influence 

molecular weight during extraction, including 

extraction temperature, extraction time, and the 

concentration of the solvent used. Prolonged 

extraction times can lead to the cleavage of peptide 

bonds, resulting in amino acids with lower molecular 

weights. Therefore, it is crucial to optimize extraction 

conditions, including time, temperature, and solvent 

concentration, to achieve the desired protein profile. 

3.4 Color Test 

Color analysis was conducted using a colorimeter, 

with the following parameters measured: L 

(Lightness), C (Chroma), H (Hue), a (Redness), and 

b (Yellowness) (Rohmah et al., 2022). 

3.4.1 L* Value 

Color correction for brightness ranges from 0 

(representing the darkest color, black) to 100 

(representing the lightest color, white) (R. Saputra et 

al., 2017). 

The average Lightness value (L) in the SPC flour, as 

shown in Figure 8, indicates that the lowest Lightness 

value is observed in the P3 treatment (extraction time 

of 32 hours), while the highest value is found in the 

P1 treatment (extraction time of 24 hours). This trend 

suggests that Lightness in SAA flour decreases with 

increasing extraction time. Duncan's multiple range 

test revealed significant differences in the L 

(Lightness) values among the different extraction 

times in the SPC flour. 

 

Figure 8. Effect of extraction time on the L* value of South Asian applesnails meat flour (P0) and protein 

concentrate flour (P1, P2, P3). Different letters (a - c) indicate significant differences identified by Duncan’s 

multiple range test (p < 0.05, n = 3). 

Treatment P3 shows a significant difference 

compared to treatments P2 and P1. The results 

indicate that as the extraction time increases, the 

Lightness value of the SPC flour decreases, resulting 

in a darker color. This suggests that extraction time 

has a notable effect on the brightness of the SPC flour 

(Sari et al., 2017). The whiteness level indicates the 

ability of a material to reflect light that strikes it. The 

higher the whiteness level, the whiter the color of the 

produced flour. The whiteness level is inversely 

related to the fat content in the fish protein 

concentrate; if the fat content is high then the 

whiteness level will be lower (Setyarini et al., 2024). 

This can explain why the P3 treatment, which had the 

highest fat content, exhibited the lowest lightness 

value compared to the other treatments.  

3.4.2 C* Value 

C (Chroma) indicates the level of color sharpness, 

determining the intensity of a product's color, whether 

it appears shiny or dull. The chroma value is 

expressed as a percentage, ranging from 0% for the 

dullest color to 100% for the sharpest or shiniest color 

(R. Saputra et al., 2017). In the analysis of SPC flour, 

the results show that the lowest Chroma value is 

found in treatment P3 with a soaking time of 32 hours, 

while the highest value is in treatment P1 with a 

soaking time of 24 hours. 
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Figure 9. Effect of extraction time on the C* value of South Asian applesnails meat flour (P0) and protein 

concentrate flour (P1, P2, P3). Different letters (a - c) indicate significant differences identified by Duncan’s 

multiple range test (p < 0.05, n = 3). 

The chroma of the SPC flour decreases with 

increasing soaking time, likely due to color changes 

that occur during the extraction process, which can 

lead to a duller appearance (Sari et al., 2017). A 

higher chroma value corresponds to a greater 

intensity of color brightness (Aditya et al., 2016).  

3.4.3 H* Value 

The dominant color value of a material or object is 

expressed in degrees of hue, as noted by (R. Saputra 

et al., 2017). This hue value indicates the predominant 

wavelength of light reflected from the material, 

determining its color characteristics. The range of 

colors produced can include red, yellow, green, blue, 

and purple. 

 

Figure 10. Effect of extraction time on the H* value of South Asian applesnail meat flour (P0) and protein 

concentrate flour (P1, P2, P3). Different letters (a - c) indicate significant differences identified by Duncan’s 

multiple range test (p < 0.05, n = 3). 

Based on the results of the hue (H) color test analysis 

of the SPC flour, the average hue value for treatment 

P2 (28 hours) was found to be the lowest, while 

treatment P1 (24 hours) exhibited the highest hue 

value.  

The hue of the SPC flour tends to decrease with 

longer extraction times. This reduction in hue 

suggests a shift in color characteristics, with the 

resulting SPC flour displaying a yellow hue within 

the H° angle range of 0° to 90°, involved red, orange, 

and yellow tones (Sari et al., 2017).  

3.4.4 a* Value 

According to Fathinatullabibah et al. (2014), the 

positive a* value indicates a redder product, while the 

negative a* value corresponds to a greener product. 
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Figure 11. Effect of extraction time on the a* value of South Asian applesnail meat flour (P0) and protein 

concentrate flour (P1, P2, P3). Different letters (a - c) indicate significant differences identified by Duncan’s 

multiple range test (p < 0.05, n = 3). 

Based on the analysis of the a* (Redness) color test 

for the SPC flour, it was observed that the average a* 

value for treatment P3 (32 hours) was the lowest, 

while treatment P1 (24 hours) exhibited the highest 

value. The redness of the SPC flour tends to decrease 

with longer extraction times. This reduction in 

redness is attributed to color changes in the SPC flour, 

shifting towards greener tones as extraction time 

increases (Sari et al., 2017). 

3.4.5 b* Value 

According to Fathinatullabibah et al. (2014), an 

increasing b* value indicates a more intense yellow 

hue in the product, whereas a decreasing b* value 

suggests a shift towards a bluer hue. 

 

Figure 12. Effect of extraction time on the b* value of South Asian apple snail meat flour (P0) and protein 

concentrate flours (P1, P2, P3). Different letters (a-c) indicate significant differences determined by 

Duncan’s multiple range test (p < 0.05, n = 3). 

The results of the b* (yellowness) color test analysis 

of SPC flour indicate that varying extraction times 

significantly affect the average b* values. 

Specifically, treatment P3 (32 hours) exhibits the 

lowest b* value, while treatment P1 (24 hours) shows 

the highest value. This trend suggests that yellowness 

in SPC flour decreases with longer extraction times, 

indicating that prolonged extraction may lead to a 

reduction in the yellowness value of SPC flour 

(Wibawanti & Rinawidiastuti, 2018).  

3.5 Organoleptic Test (Aroma) 

In the food industry, aroma testing is crucial as it 

provides a rapid assessment of consumer acceptance 

of a product. Aroma, as an olfactory stimulus, 

significantly influences the overall acceptance of 

food products. Notably, even when food appears 

visually appealing, deviations in aroma can diminish 

product acceptability (Tarwendah, 2017). 

The results of the organoleptic test indicate that the 

level of panelist acceptance for the aroma of SPC 

flour showed the highest average total score for 

treatment P1 (24-hour soaking), while treatment P3 

(32-hour soaking) received the lowest score. 

Although individual preferences may vary, there is a 

noticeable decrease in average score or increase in 

acceptance related to differences in aroma assessment 

(Chandra et al., 2021). The organoleptic scale values 

and preference ranges are illustrated in the preference 
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criteria for the three samples. The distinctive aroma 

of SPC flour is attributed to the 24-hour extraction 

time, which is influenced by the strong characteristic 

aroma of SAA and the use of a 90% ethanol solvent 

(Amanah et al., 2015). Furthermore, the Duncan 

analysis revealed that results for P1 (24-hour soaking) 

are significantly higher than P3 (32-Hour soaking) 

confirming that treatment time had an effect on 

aroma.  This is consistent with the study by Setyarini 

et al. (2024), which showed that an increasing number 

of extractions, related to a longer extraction time of 

catfish protein (Clarias gariepinus) resulting into a 

weaker fish aroma.  

 

Figure 13. Effect of extraction time on the hedonic test results for the aroma of South Asian apple snail meat 

flour (P0) and protein concentrate flours (P1, P2, P3). Assigning scores of aroma: 5 = Very strong aroma, 4 = 

Strong aroma, 3 = Weak aroma, 2 = Very weak aroma, and 1 = No aroma. Different letters (a-b) indicate 

significant differences identified by Duncan’s multiple range test (p < 0.05, n = 3).

 

4. CONCLUSION 

Based on the results of this research, it can be 

concluded that the optimal treatment for protein 

content was the P2 treatment (SAA extraction for 28 

hours), which yielded a protein content of 51.6% (dry 

basis). Additionally, protein profile analysis using 

SDS-PAGE revealed that P2 exhibited five protein 

bands with molecular weights of 17 kDa, 20 kDa, 25 

kDa, 35 kDa, and greater than 48 kDa, which 

corresponds to histone proteins and an antibacterial 

protein derived from snail mucus. In contrast, the 

other treatments displayed only three protein bands. 

However, the results of color and organoleptic aroma 

analysis indicated that optimum treatment for color 

and aroma was the P1 treatment (SAA extraction for 

24 hours). 

This research proposes that further studies can 

optimize protein extraction by extending the 

extraction time or using other solvents. Additionally, 

a more detailed analysis of the amino acid 

composition and the characteristics of the extracted 

protein, such as its antioxidant potential, is required. 

 

 

 

 

AUTHOR INFORMATION 

Corresponding Authors 

 Riya Liuhartana Nasyiruddin, Universitas PGRI 

Palembang, Indonesia 

https://orcid.org/0000-0002-8737-8238 

Email: liuhartana.riya@yahoo.com 

Authors 

Nurul Hasanah, Universitas PGRI Palembang, 

Indonesia 

https://orcid.org/0009-0004-6468-7566 

Email: nurulhasanah230902@gmail.com 

 

Rih Laksmi Utpalasari, Universitas PGRI Palembang, 

Indonesia 

https://orcid.org/0009-0001-5731-193X 

Email: rihlaksmi@gmail.com 

 

Elok Ilunanwati, Dinas Ketahanan Pangan dan 

Pertanian Kota Palembang, Indonesia 

https://orcid.org/0009-0007-8789-6952 

Email: eilunanwati@gmail.com 

 

Willard Burton Navicha, Malawi University of Science 

and Technology, Malawi 

https://orcid.org/0000-0003-2261-820X 

Email: wnavicha@must.ac.mw 

 

 

 

 

https://gomit.id/
https://orcid.org/0000-0002-8737-8238
mailto:liuhartana.riya@yahoo.com
https://orcid.org/0009-0004-6468-7566
mailto:nurulhasanah230902@gmail.com
https://orcid.org/0009-0001-5731-193X
mailto:rihlaksmi@gmail.com
https://orcid.org/0009-0007-8789-6952
mailto:eilunanwati@gmail.com
https://orcid.org/0000-0003-2261-820X
mailto:wnavicha@must.ac.mw


Indonesian Journal of Health Research and Development 

139 
 

REFFERENCE 

Aditya, H. P., Herpandi, & Lestari, S. (2016). 

Karakteristik Fisik, Kimia dan Sensoris Abon 

Ikan dari Berbagai Ikan Ekonomis Rendah. 

Jurnal FishtecH, 5(1), 61–72. 

https://doi.org/10.36706/fishtech.v5i1.3519 

Amanah, R., Junianto, & Rostini, I. (2015). 

Penambahan Surimi Lele Terhadap Tingkat 

Kesukaan Permen Jelly Rumput Laut. Jurnal 

Perikanan Kelautan, 6(2), 43–50. Google 

Scholar 

Apriansyah, E., Jaya, F. M., & Haris, H. (2021). 

Penambahan Daging Ikan Lele Dumbo Clarias 

gariepinus dengan Komposisi yang Berbeda 

terhadap Karakteristik Mi Instan. Jurnal Ilmu-

Ilmu Perikanan Dan Budidaya Perairan, 16(1), 

59–71. 

https://doi.org/10.31851/jipbp.v16i1.6509 

Asriani, A., Santoso, J., & Listyarini, S. (2019). Nilai 

Gizi Konsentrat Protein Ikan Lele Dumbo 

(Clarias Gariepenus) Ukuran Jumbo. Jurnal 

Kelautan Dan Perikanan Terapan (JKPT), 1(2), 

77. https://doi.org/10.15578/jkpt.v1i2.7257 

BSN. (1992). SNI 01 2891 1992: Cara Uji Makanan 

dan Minuman. 

Chandra, Z. A., Swasti, Y. R., & Pranata, F. S. (2021). 

Substitusi Tepung Sukun Sebagai Sumber Serat 

Untuk Peningkatan Kualitas Flacky Crackers. 

Jurnal Teknologi Pertanian Andalas, 25(2), 

153–161. 

https://doi.org/10.25077/jtpa.25.2.153-

161.2021 

Daud, A., Suriati, S., & Nuzulyanti, N. (2019). Kajian 

Penerapan Faktor yang Mempengaruhi Akurasi 

Penentuan Kadar Air Metode 

Thermogravimetri. Lutjanus, 24(2), 11–16. 

https://doi.org/10.51978/jlpp.v24i2.79 

Delvita, H., Djamas, D., & Ramli. (2015). Pengaruh 

Variasi Temperatur Kalsinasi Terhadap 

Karakteristik Kalsium Karbonat (CaCO3) 

dalam Cangkang Keong Sawah (Pila 

ampullacea) yang Terdapat di Kabupaten 

Pasaman. Pillar of Physics, 6, 17–24. 

https://doi.org/10.24036/1933171074 

Fadhila, R., & Darmawati, S. (2017). Profil Protein 

Daging Kambing, Kerbau Dan Sapi Yang 

Direndam Larutan Jahe Berbasis Sds-Page. In 

Prosiding Seminar Nasional & Internasional 

(pp. 25–33). Google Scholar 

Fathinatullabibah, Kawiji, & Khasanah, L. U. (2014). 

Stabilitas Antosianin Ekstrak Daun Jati 

(Tectona grandis ) terhadap Perlakuan pH dan 

Suhu. Jurnal Aplikasi Teknologi Pangan, 3(2), 

60–63. Google Scholar 

Joshi, S. R., Sarpong, Y. C., Peterson, R. C., & 

Scovell, W. M. (2012). Nucleosome dynamics: 

HMGB1 relaxes canonical nucleosome 

structure to facilitate estrogen receptor binding. 

Nucleic Acids Research, 40(20), 10161–10171. 

https://doi.org/10.1093/nar/gks815 

Laemmli, U. K. (1970). Cleavage of structural 

proteins during the assembly of the head of 

bacteriophage T4. Nature, 227, 680–685. 

https://doi.org/10.1038/227680a0 

Laili, T. N. (2021). Karakteristik Konsentrat Protein 

Ikan Cunang (Muraenesox talabon) 

Menggunakan Pelarut Etanol dengan Waktu 

yang Berbeda. Universitas Riau. 

Mahboob, S., Al-Ghanim, K. A., Alkahem Al-

Balawi, H. F., F. Al-Misned, & Ahmed, Z. 

(2019). Study on assessment of proximate 

composition and meat quality of fresh and 

stored Clarias gariepinus and Cyprinus carpio. 

Brazilian Journal of Biology, 79(4), 651–658. 

https://doi.org/10.1590/1519-6984.187647 

Nasyiruddin, R. L., Mahdi, A. A., Ahmed, M. I., 

Noman, A., Al-Maqtari, Q. A., Jiang, Q., Xu, 

Y., & Xia, W. (2019). Influence of pH-shifting 

Combined with Low-Frequency Ultrasound on 

Antioxidant Activity and Physicochemical 

Properties of Silver Carp Myofibrillar Protein. 

International Journal of Agriculture 

Innovations and Research, 8(2), 133–143. 

Google Scholar 

Nasyiruddin, R. L., Noman, A., Ahmed, M. I., Ali, 

A., Mahdi, Al-Maqtari, Q. A., Jiang, Q., Xu, Y., 

& Xia, W. (2019). Effect of Time of Low-

Frequency Ultrasound Treatment on 

Antioxidant Activity and Physicochemical 

Properties of Silver Carp Myofibrillar Protein. 

International Journal of Research in 

Agricultural Sciences, 6(5), 695–703. 

https://doi.org/10.47836/ifrj.28.4.06 

Nasyiruddin, R. L., Noman, A., Mahdi, A. A., Al-

Maqtari, Q. A., Xu, Y., Jiang, Q., Yu, D., & Xia, 

W. (2021). Influence of combined salt 

concentration and low-frequency ultrasound on 

physicochemical and antioxidant properties of 

silver carp myofibrillar protein. International 

Food Research Journal, 28(4), 695–703. 

Google Scholar 

Ngobidi, K., Egwurochi, W., Briggs, T., Ugwuanyi, 

C., Okoro, O., Ajayi, A., Ebeke, O., 

https://gomit.id/
https://doi.org/10.36706/fishtech.v5i1.3519
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Penambahan+Surimi+Lele+Terhadap+Tingkat+Kesukaan+Permen+Jelly+Rumput+Laut&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Penambahan+Surimi+Lele+Terhadap+Tingkat+Kesukaan+Permen+Jelly+Rumput+Laut&btnG=
https://doi.org/10.31851/jipbp.v16i1.6509
https://doi.org/10.15578/jkpt.v1i2.7257
https://doi.org/10.25077/jtpa.25.2.153-161.2021
https://doi.org/10.25077/jtpa.25.2.153-161.2021
https://doi.org/10.51978/jlpp.v24i2.79
https://doi.org/10.24036/1933171074
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Profil+Protein+Daging+Kambing%2C+Kerbau+Dan+Sapi+Yang+Direndam+Larutan+Jahe+Berbasis+Sds-Page&btnG=
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Stabilitas+Antosianin+Ekstrak+Daun+Jati+%28+Tectona+grandis+%29+terhadap+Perlakuan+pH+dan+Suhu&btnG=
https://doi.org/10.1093/nar/gks815
https://doi.org/10.1038/227680a0
https://doi.org/10.1590/1519-6984.187647
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Influence+of+pH-shifting+Combined+with+Low-Frequency+Ultrasound+on+Antioxidant+Activity+and+Physicochemical+Properties+of+Silver+Carp+Myofibrillar+Protein&btnG=
https://doi.org/10.47836/ifrj.28.4.06
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Influence+of+combined+salt+concentration+and+low-frequency+ultrasound+on+physicochemical+and+antioxidant+properties+of+silver+carp+myofibrillar+protein&btnG=


Indonesian Journal of Health Research and Development 

140 
 

OtuChristian, G., Osigwe, A., Amadi, U., 

Egbule, C., Ugwu, C., Ugwu, M., Anuna, C., 

Igwe, A., & Ukwuoma, H. (2024). Comparative 

Proximate and Selected Mineral Analysis of 

Two Edible Land Snail Species (Archachatina 

marginata and Archatina fulica). International 

Journal of Environmental and Agriculture 

Research, 10(5), 10–14. 

https://doi.org/10.5281/zenodo.11400138 

Nkansah, M. A., Agyei, E. A., & Opoku, F. (2021). 

Mineral and proximate composition of the meat 

and shell of three snail species. Heliyon, 7(10), 

1–8. 

https://doi.org/10.1016/j.heliyon.2021.e08149 

Nurilmala, M., Jacoeb, A. M., & Dzaky, R. A. (2017). 

Quality of Cultured Wader Pari During Storage 

at Different Temperature. Jurnal Pengolahan 

Hasil Perikanan Indonesia, 20(2), 339. 

https://doi.org/10.17844/jphpi.v20i2.18049 

Nurilmala, M., & Ochiai, Y. (2016). Molecular 

characterization of southern bluefin tuna 

myoglobin (Thunnus maccoyii). Fish 

Physiology and Biochemistry, 42(5), 1407–

1416. https://doi.org/10.1007/s10695-016-

0228-0 

Oktasari, N. (2014). Pemanfaatan Keong Sawah (Pila 

ampullacea) pada Pembuatan Nuget sebagai 

Alternatif Makanan Berportein Tinggi di desa 

Jurug Kecamatan Mojosongo Kabupaten 

Boyolali. Jurusan Ilmu Kesehatan Masyarakat 

Fakultas Ilmu Keolahragaan Universitas 

Negeri Semarang, 16–24. Google Scholar 

Pargiyanti, P. (2019). Optimasi Waktu Ekstraksi 

Lemak dengan Metode Soxhlet Menggunakan 

Perangkat Alat Mikro Soxhlet. Indonesian 

Journal of Laboratory, 1(2), 29–35. 

https://doi.org/10.22146/ijl.v1i2.44745 

Rieuwpassa, F. J., & Cahyono, E. (2019). 

Karakteristik Fisiko-Kimia Konsentrat Protein 

Ikan Sunglir (Elagatis bipinnulatus). Jurnal 

MIPA, 8(3), 164–167. 

https://doi.org/10.35799/jmuo.8.3.2019.26189 

Rieuwpassa, F. J., Karimela, E. J., & Karaeng, M. C. 

(2021). Analisis Fisiko Kimia Konsentrat 

Protein Ikan Nila (Oreochromis niloticus) yang 

Diekstrak Menggunakan Pelarut Etanol. Jurnal 

Teknologi Perikanan Dan Kelautan, 11(1), 45–

52. https://doi.org/10.24319/jtpk.11.45-52 

Rohmah, N., Kurniasih, R. A., & Sumardianto. 

(2022). Pengaruh Perbedaan Metode Ekstraksi 

Terhadap Karakteristik Tepung Tulang Sotong 

(Sepia sp.). Jurnal Ilmu Dan Teknologi 

Perikanan, 4(1), 1–8. 

https://doi.org/10.14710/jitpi.2022.13097 

Saputra, K., Sutriyono, S., & Brata, B. (2018). 

Populasi dan Distribusi Keong Mas (Pomacea 

canaliculata L.) sebagai Sumber Pakan Ternak 

pada Ekosistem Persawahan Di Kota Bengkulu. 

Jurnal Sain Peternakan Indonesia, 13(2), 189–

201. https://doi.org/10.31186/jspi.id.13.2.189-

201 

Saputra, R., Widiastuti, I., & Nopianti, R. (2017). 

Karakteristik Fisiko-Kimia dan Sensori 

Kerupuk Pangsit dengan Kombinasi Tepung 

Ikan Motan (Thynnichthys thynnoides). Jurnal 

FishtecH, 5(2), 167–177. 

https://doi.org/10.36706/fishtech.v5i2.3944 

Sari, S. R., Agustini, S., Wijaya, A., & Pambayun, R. 

(2017). Profil Mutu Ikan Lele (Clarias 

Gariepinus) Asap yang Diberi Perlakuan 

Gambir (Uncaria gambir Roxb). Jurnal 

Dinamika Penelitian Industri, 28(2), 101–111. 

https://doi.org/10.36706/fishtech.v8i1.6623 

Setyarini, D., Bustami, & Santoso, J. (2024). 

Karakteristik Kimia dan Sifat Fungsional 

Konsentrat Protein Ikan (KPI) dan Tepung 

Tulang dari Ikan Lele. Jurnal Pengolahan Hasil 

Perikanan Indonesia, 27(6), 459–473. 

https://doi.org/10.17844/jphpi.v27i6.50064 

Tarwendah, I. P. (2017). Jurnal Review: Studi 

Komparasi Atribut Sensoris dan Kesadaran 

Merek Produk Pangan. Jurnal Pangan Dan 

Agroindustri, 5(2), 66–73. Google Scholar 

Velkova, L., Dolashki, A., Petrova, V., Pisareva, E., 

Kaynarov, D., Kermedchiev, M., Todorova, M., 

& Dolashka, P. (2024). Antibacterial Properties 

of Peptide and Protein Fractions from Cornu 

aspersum Mucus. Molecules, 29(12). 

https://doi.org/10.3390/molecules29122886 

Viruly, L., Andarwulan, N., Suhartono, M. T., & 

Nurilmala, M. (2019). Protein Histon pada Siput 

Gonggong Bintan Strombus sp. Sebagai 

Kandidat Pangan Fungsional. Jurnal Ilmu Dan 

Teknologi Kelautan Tropis, 11(1), 89–101. 

https://doi.org/10.29244/jitkt.v11i1.22299 

Wibawanti, J. M. W., & Rinawidiastuti, R. (2018). 

Sifat Fisik dan Organoleptik Yogurt Drink Susu 

Kambing dengan Penambahan Ekstrak Kulit 

Manggis (Garcinia mangostana L.). Jurnal Ilmu 

Dan Teknologi Hasil Ternak, 13(1), 27–37. 

https://doi.org/10.21776/ub.jitek.2018.013.01.3 

 

https://gomit.id/
https://doi.org/10.5281/zenodo.11400138
https://doi.org/10.1016/j.heliyon.2021.e08149
https://doi.org/10.17844/jphpi.v20i2.18049
https://doi.org/10.1007/s10695-016-0228-0
https://doi.org/10.1007/s10695-016-0228-0
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Pemanfaatan+Keong+Sawah+%28Pila+ampullacea%29+pada+Pembuatan+Nuget+sebagai+Alternatif+Makanan+Berportein+Tinggi+di+desa+Jurug+Kecamatan+Mojosongo+Kabupaten+Boyolali&btnG=
https://doi.org/10.22146/ijl.v1i2.44745
https://doi.org/10.35799/jmuo.8.3.2019.26189
https://doi.org/10.24319/jtpk.11.45-52
https://doi.org/10.14710/jitpi.2022.13097
https://doi.org/10.31186/jspi.id.13.2.189-201
https://doi.org/10.31186/jspi.id.13.2.189-201
https://doi.org/10.36706/fishtech.v5i2.3944
https://doi.org/10.36706/fishtech.v8i1.6623
https://doi.org/10.17844/jphpi.v27i6.50064
https://scholar.google.co.id/scholar?hl=id&as_sdt=0%2C5&q=Jurnal+Review%3A+Studi+Komparasi+Atribut+Sensoris+dan+Kesadaran+Merek+Produk+Pangan&btnG=
https://doi.org/10.3390/molecules29122886
https://doi.org/10.29244/jitkt.v11i1.22299
https://doi.org/10.21776/ub.jitek.2018.013.01.3

