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Abstract. Nurilmala M, Atjitama Y, Jacob AM, Indarwati AR, Nugraha R. 2020. Advancing traceability using DNA sequence on seafood 
product: fraudulence in shrimp crackers. Biodiversitas 21: 5650-5656. Shrimp crackers are snacks made from starch with the addition 

of shrimp and other ingredients. Authentication of shrimp crackers becomes a quality control method in line with its traceability since 
the morphological characters are not recognized in those products. The failure of the authentication will lead to adulteration of shrimp 
products. The study aimed to design shrimp-specific polymerase chain reaction (PCR) primers by and used them to authenticate shrimp 
cracker products to assure their traceability. The primers were designed from cytochrome oxidase subunit I (COI) gene with a GC 
content of 50% and a melting temperature of 57 °C. The amplicon had a length of 613 bp. Fourteen shrimp crackers having DNA 
concentrations 0.3 to 8.1 ng/µL were evaluated. Eight out of fourteen DNA samples were successfully amplified using the specific 
primer and could be visualized on the agarose gel at 500-750 bp. Those DNA samples were identified belonging to shrimp species, 
namely Litopenaeus vannamei, Metapenaeus ensis, and Fenneropenaeus merguiensis with 95% to 100% identity. Meanwhile, the other 

six DNA samples underwent PCR using universal primers. One sample was amplified and identified as fish (Sphyraena flavicauda). 
These results indicate illegal substitution of shrimp using unidentified species occurred in shrimp crackers. 

Keywords: adulteration, cytochrome oxidase subunit I, PCR, shrimp, specific primer 

INTRODUCTION 

Shrimp is one of the Indonesian export commodities 

other than tuna, seaweed, and crab. Shrimp production 

comes from wild population and aquaculture and their 

production volume is increasing every year, followed by 
the increased volume and value of shrimp exports. The 

export volume of Indonesian fishery products in March 

2020 amounted to 105.20 thousand tons, and increased 

4.89% compared to exports in March 2019. The feature 

export commodity for fishery products is shrimp with a 

value of USD 466.24 million (37.56%) (KKP 2020). 

Several shrimp species that dominate export commodities 

are vannamei shrimp (Litopenaeus vannamei), tiger shrimp 

(Penaeus monodon), and giant prawns (Macrobrachium 

rosenbergii). 

One of the shrimp processed products that become an 
export commodity is shrimp crackers. They are snacks 

made from tapioca starch added with shrimp and other 

spices. Shrimp crackers have a distinctive taste and smell, 

uniform shape and size, and the color similar to very young 

boiled shrimp (Destrasia 2012). Authentication on shrimp 

cracker products is very important because morphological 

identification could not be done on shrimp cracker products 

that have undergone the processing and addition of other 

materials. The failure of the authentication mechanism will 

lead to adulteration of shrimp cracker products. The 

fraudulence of fishery products causes losses due to higher 

costs incurred for products that have been replaced with 
cheaper raw materials. These occur due to the high demand 

and value of several fish, for example the substitution of 

grouper (Epinephelinae spp.) with freshwater catfish 

(Pangasianodon hypophthalmus) (Calosso et al. 2020). The 

fraudulence cases have been reported on fish products 

(Xiong 2019), fish samples obtained in Brazil (Carvalho et 
al. 2015), canned fish products (Shokralla et al. 2015), and 

fish products in Italy (Corrado et al. 2016). Meanwhile, 

several studies have also reported adulteration of fish 

products in Indonesia, including the product of mackerel 

crackers (Maulid and Nurilmala 2015), canned tuna 

(Nurilmala et al. 2016), and shark products (Abdullah et al. 

2020). 

Authentication is needed to convince consumers of the 

accuracy of labeling on food products to confirm its 

traceability. DNA analysis such as conventional 

polymerase chain reaction (PCR) and quantitative PCR 
(qPCR) can be used as good methods of authentication in 

processed food products since DNA remains stable after 

undergoing food processing (Scarano and Rao 2014). DNA 

exists in most living cells, so identical information can be 

obtained in all parts of the sample with the same source 

(Paquin et al. 2014). The validated species from the 

mislabeled on commercial fish products can be achieved by 

DNA barcoding (Xiong 2019; Adibah et al. 2020). DNA 

barcoding techniques have been successfully used to 

identify canned fish products (Shokralla et al. 2015) and 

cooked products (Pollack et al. 2018). In addition, 

Barcaccia et al. (2015) reported the identification of food 
products with the addition of other materials of different 

species using DNA barcoding.  
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Mitochondrial DNA (mtDNA) is often used in DNA 

barcoding of many organisms, including fish (Abdullah et 

al. 2019; Nurilmala et al. 2020) because of the relatively 

small genome size. Also, mtDNA undergoes faster 

evolution making it more effective for the identification of 

adjacent interspecies (Amaral et al. 2017). Cytochrome 

oxidase subunit I (COI), 16S, and 12S ribosome subunits, 

as well as cytochrome b are the most widely used mtDNA 

for DNA barcoding (Ceruso et al. 2020; Hanifaturahmah et 

al. 2020). This study used COI gene from mitochondrial 
DNA as the target gene. The COI genes showed a global 

bio identification system of animals, a universal primer for 

a very strong COI gene (Palanisamy et al. 2020), and have 

a greater range of phylogenetic signals than other 

mitochondrial genes (Sutrisno 2015). This method, 

however, needs species-specific primers enabling the 

authentication of products from particular species. Thus, 

this study aimed to design shrimp-specific PCR primers 

and used the primers to authenticate shrimp cracker 

products to assure their traceability.
 

MATERIALS AND METHODS 

Sample collection and DNA isolation 

Fourteen shrimp crackers (KU I-KU XIV) with 

different brands were collected from traditional and 

modern markets in Bogor, West Java,-Indonesia. Six 

hundred mg of samples were crushed and the DNA 

samples from those crackers were isolated using Qiagen 

DNeasy Food Mericon following the manufacturer’s 

instruction.  

Primer design  

Primer design was carried out by aligning shrimp 

cytochrome oxidase I (COI) sequences obtained from the 
National Center for Biotechnology Information (NCBI). 

The sequences were aligned using the BioEdit program and 

a conserved sequence of nucleotides was selected in all 

samples (Álvarez-Fernández 2013). The selected primers 

were then evaluated using the OligoEvaluatorTM online 

software and checked with the Basic Local Alignment 

Search Tool (BLAST) for their specificity. 

DNA amplification  

Amplification of the COI gene segment was performed 

by Polymerase Chain Reaction (PCR) technique using the 

previously designed specific primer of COI gene and PCR 

mix (KAPA Taq PCR Kit, KapaBiosystem, Wilmington 
USA) on PCR machine (Integrated DNA Technologies, 

Singapore) (Nurilmala and Ochiai 2016). The PCR 

temperature conditions were pre-denaturation at 94 °C for 5 

minutes, followed by 40 denaturation cycles at 94 °C for 1 

minute, annealing at 50°C for shrimp-specific primers and 

at 55°C for universal fish primers for 1 minute, extension at 

72°C for 1 minute 15 seconds, followed by post extension 

at 72°C for 7 minutes. 

Electrophoresis and sequencing  

The PCR products were observed on 0.8% agarose gel 

electrophoresis (Westermeier 2005). The electrophoresis was 

run with current of 65 mA and 100-volt for 24 min. The 

PCR products were visualized under UV light. 

Subsequently, the PCR products were sent for sequencing 
to the Firstbase (Malaysia).  

Bioinformatic analysis  

The COI sequences were aligned using MEGA 6 

(Molecular Evolutionary Genetics Analysis) program 

(Tamura et al. 2013). BLAST was used to look for the 

resemblance species based on the homology of the 

resulting nucleotide base sequence. The nucleotide 

sequences of the sample were compared with the available 

data on GenBank. Phylogenetic tree was constructed using 

Neighbor-Joining tree method with bootstrap value 1000. 

Qualitative data in visual form and profiles for DNA 
isolation and amplification and protein electropherogram 

are presented descriptively. 

RESULTS AND DISCUSSION 

Profile of specific primer for shrimp  

The primer design was carried out by aligning and 

selecting the conserved areas of the shrimp COI genes. The 

sequence of shrimp COI gene based on the conserved area 

of Penaeus monodon (AF217843.1), Litopenaeus vannamei 

(EF584003.1), Litopenaeus stylirostris (EU517503.1), 

Fenneropenaeus merguiensis (KP637168.1), and 

Metapenaeus ensis (KP637170.1). The conserved areas for 
COI forward genes were obtained at the position of 118-

136 and COI reverse genes were obtained at the position of 

716-731 bp, resulting in a 613 bp target gene. The 

evaluation of primer was conducted by OligoEvaluatorTM 

software (Table 1). 

The length of the forward primer was 18 bp and the 

reverse primer was 16 bp. The primers were in the optimal 

size of 10-40 bp (Brodin et al. 2013). The melting 

temperature of the primers was 57.20°C and 57.80°C, 

respectively. OligoEvaluatorTM software calculated the 

melting temperature of the primers using the nearest 

neighbor method which takes into account the sequence of 
the oligonucleotide, thermodynamic as well as other factors 

that affect Tm, including oligonucleotide and monovalent 

cation concentrations rather than just the base composition. 

 

 

 

Table 1. Primer evaluation of COI gene with OligoEvaluatorTM 

 

Primer Sequence Length (bp) Tm (°C) GC% Secondary structure Primer dimer 

Forward 5’-TCCGAGCTGAATTAGGTC-3’ 18 57.20 50.0 No No 

Reverse 5’-TGGGTGACCGAAGAAT-3’ 16 57.80 50.0 No No 

https://www.sciencedirect.com/science/article/abs/pii/S2352485519302397#!
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Table 2. Concentration and purity of DNA on shrimp crackers 
 

Samples 
DNA concentration 

(ng/µL) 

DNA Purity 

(A260/A280) 

KU I 2.6 1.02 
KU II 1.8 1.12 
KU III 0.3 8.41 
KU IV 1.7 1.46 
KU V 3.1 1.43 

KU VI 2.2 2.50 
KU VII 1.7 1.90 
KU VIII 2.3 1.51 
KU IX 1.3 0.97 
KU X 2.7 0.89 
KU XI 3.9 1.67 
KU XII 8.1 1.84 
KU XIII 1.3 1.27 

KU XIV 2.5 2.85 

Note: KU I -KU XIV: Shrimp crackers with different brands 
 
 
 

According to Borah (2011), the optimal forward and 

reverse primer melting temperature ranges from 52° C to 

65° C. The melting temperature is used to estimate the 

attachment temperature in the denatured DNA. A high 

melting temperature will produce a low PCR product, 

whereas a very low melting temperature causes a non-

specific product due to a large number of unsuitable base 

pairs (Wu et al. 1991). 
The percentage of GC was 50% indicating the amount 

of guanine and cytosine content in the primer. The optimal 

GC percentage range is at 40-60%, so the primers obtained 

are still within the recommended GC% range (Lorenz 

2012). GC base pairs have three stronger hydrogen bonds 

than the base pair of AT which has two hydrogens, thus 

increasing the efficiency of PCR processes (Yakovchuk et 

al. 2006). 
 

DNA concentration and purity 

The results of DNA concentration ranged between 0.3 

to 8.1 ng/μL (Table 2). The DNA concentrations of the 

crackers were relatively low due to processing effects. The 
level of processing on food products affects the 

concentration of DNA obtained (Stevanofa et al. 2013). 

DNA concentration is also affected by the ingredients of 

the mixtures contained in the product. The additions of 

polysaccharides, proteins, or lipids and other ingredients in 

processed products cause the isolated DNA mix with 

contaminant compounds (Piskata et al. 2017). Maulid and 

Nurilmala (2015) reported that the processed mackerel 

cracker DNA product could not be observed on agarose gel 

electrophoresis due to low concentration. 

The purity of the extracted DNA is important for the 

success of DNA barcoding. In this research, the purity of 
DNA was hampered by the chemical compounds present in 

food matrices. Of fourteen shrimp cracker samples, only 

two (KU VII and KU XII) had an ideal A260/A280 ratio 

(within 1.8–2.0 (Desjardins and Cocklins 2010), 

meanwhile, the other twelve samples had A260/A280 ratio 

outside the ideal range (Table 2). It is known that 

processing methods affect DNA quantity and quality, and 

different extraction methods are required to extract the 

DNA. Processing procedures could lead to DNA 

degradation, meanwhile filling media in the processed 

seafood affects the efficiency of DNA extraction process 

(Sajali et al. 2018). Piskata et al. (2019) compared eight 

DNA extraction procedures namely DNeasy Blood and 

Tissue Kit, DNeasy Mericon Food Kit, Chemagic DNA 

Tissue 10 Kit, Food DNA Isolation Kit, UltraPrep Genomic 

DNA Food Mini Prep Kit, High Pure PCR Template 
Preparation Kit, phenol-chloroform extraction, and 

NucleoSpin Food. They found that different extraction 

protocols produced different DNA yields. They also found 

that technological processing significantly affected the 

yield and quality of isolated DNA molecules, as well as the 

ability of DNA to undergo PCR amplification. 

DNA amplification  

Polymerase Chain Reaction (PCR) assay was conducted 

to amplify the DNA of shrimp crackers with specifically 

designed primers based on COI gene. The result of 

amplification of the COI genes in samples was visualized 
using 0.8% agarose gel, showing a single band at 500-750 

bp for KU III, KU V, KU VI, KU VII, KU VIII, KU IX, 

KU X, and KU XIII (Figure 1.A). The DNA from samples 

KU I, KU II, KU IV, KU XI, KU XII, and KU XIV were 

not successfully amplified as indicated by the empty lane 

on the agarose. The absence of PCR products on these 

samples can be caused by two possible reasons. Firstly, 

these samples were contaminated by contaminations that 

could not be removed during the extraction process as 

indicated by the ratio of A260/A280. Polysaccharides, 

proteins, collagen, polyphenols, fulvic acids, or lipids are 
substances in food matrices that could affect the integrity 

of DNA or cause inhibition of subsequent PCR analysis 

(Piskata et al. 2017). Secondly, the purified DNA samples 

were not of shrimp origin. To test this hypothesis, PCR 

amplification was carried out to those samples using fish 

universal primer FishF2R2. Interestingly, a band belongs to 

KU IV appeared on the agarose gel indicating adulteration 

of shrimp cracker by fish meat (Figure 1.B). Adulteration 

of crustacean meat by fish meat had been reported in 

several publications. Previous researchers reported 

adulteration of blue swimmer (Portunus armatus) crab 

meat samples with surimi (Gayo et al. 2006; Gayo and 
Hale 2007). 

Species identification  

The identification of species using BLAST showed the 

sample had identity levels 96-100% with three species of 

shrimp and one fish species. Other studies of shrimp 

identification resulted in 83-100% identity in Penaeidae 

(Rajkumar et al. 2015) and 83-99% in the Palaemonidae 

family (Udayasuriyan et al. 2015). Sample KU III, KU VI, 

KU VII, and KU XIII were identified as Litopenaeus 

vannamei, the KU V sample was identified as Metapenaeus 

ensis, samples KU VIII, KU IX, and KU X were identified 
as Fenneropenaeus merguiensis. The KU XIV sample was 

not identified as a shrimp cracker, but as a yellow-tailed 

barracuda (Sphyraena flavicauda) (Table 3). 
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Figure 1. Electropherogram on 0.8% agarose gel of: A. Shrimp cracker samples using a specific designed primer of COI. M. Marker, 1. 
KU I; 2. KU II; 3. KU III; 4. KU IV; 5. KU V; 6. KU VI; 7. KU VII; 1. KU VIII; 2. KU IX; 3. KU X; 4. KU XI; 5. KU XII; 6. KU XIII; 
7. KU XIV. B. Primer of FishF2R2. M. Marker, 1. KU I; 2. KU II; 3. KU IV; 4. KU XI; 5. KU XII; 6. KU XIV. Note: KU I -KU XIV: 
Shrimp crackers with different brands. White boxes: targeted gene 
 

 
 
Table 3. Species identification by BLAST analysis 
 

Sample 
Analysis result 

Homology E value 
Accession 

number Common name Species 

      

KU III Vannamei shrimp Litopenaeus vannamei 99% 0 KT596762.1 
KU V Rock shrimp Metapenaeus ensis 98% 0 KP637170.1 
KU VI Vannamei shrimp Litopenaeus vannamei 99% 0 KT596762.1 
KU VII Vannamei shrimp Litopenaeus vannamei 100% 0 KT596762.1 
KU VIII Jerbung Shrimp Fenneropenaeus merguiensis 99% 0 KP637168.1 
KU IX Jerbung Shrimp Fenneropenaeus merguiensis 98% 0 KP637168.1 
KU X White shrimp Fenneropenaeus merguiensis 96% 0 KP637168.1 
KU XIII Vannamei shrimp Litopenaeus vannamei 99% 0 KT596762.1 

KU XIV Yellowtail barracuda Sphyraena flavicauda 100% 0 KF715026.1 
       

Note: KU I -KU XIV: Shrimp crackers with different brands 
 
 

 

Litopenaeus vannamae, F. merguiensis, and M. ensis 

are widely distributed throughout the Indonesian coastal 

area. L. vannamei, in particular, is the most common 

species produced in Indonesia. Species identification using 

COI gene has been successfully applied to various seafood 

products. Jaikumar et al. (2019) could authenticate six 

frozen shrimp species packed and sold by different 
commercial companies. Meanwhile, Abdullah et al. (2020) 

found the illegal application of endangered shark species, 

Sphyrna lewini, Alopias pelagicus, and Carcharhinus 

falciformis in processed fishery products. 

Genetic distance analysis was performed using the 

pairwise distance substitution model. The genetic distance 

can be used to determine the relationships between samples 

The genetic distance between samples identified as shrimp 

(KU III, KU V, KU VI KU VIII, KU IX, KU X, and KU 

XIII) ranges from 0.000-0.186 (Table 4). The KU XIV 

sample identified as a fish has a genetic distance of more 

than 0.300 against another sample. Sample KU III, KU VII, 
and KU XIII had a genetic distance value of 0.00 indicating 

the same species was used as the ingredient of the crackers. 

The samples identified in L. vannamei species had an 

average genetic distance of 0.038, whereas the F. 

merguiensis species had an average genetic distance of 

0.049. The genetic distance between L. vannamei and M. 

ensis species (0.167) was greater than the genetic distance 

L. vannamei with F. merguiensis (0.127). This signifies the 

L. vannamei kinship closer to F. merguiensis compared to 

M. ensis. Quan et al. (2004) stated genetic distance between 

genus in shrimp ranged 18.67% -31.87% influenced by 

kinship and place of origin. Genetic distance measures the 
differences in the sequence of DNA samples. The 

magnitude of the distances reflects the number of changes 

(base substitutions and insertion/deletion events) as a 

proportion of the overall sequence length. Table 4 shows 

the intra-species genetic distances are in agreement with 

Francisco and Junior (2005) where they found the genetic 

distances between two shrimp species L. vannamei and 

Farfantepenaeus subtilis were about 10%. Meanwhile, the 

genetic distances of KU XIV and other DNA samples are 

large due to inter-species variability. This inter-species 

variability is responsible for large genetic distance values 

as shown by Ude et al. (2020). 
The base composition of mt-COI gene sequences varied 

among DNA samples. The aligned nucleotide lengths were 

463-597 bp with purine composition 45.6% (adenine 

27.8%, guanine 17.8%) and pyrimidine 54.4% (thymine 

33.0%, cytosine 21.4%). The number of pyrimidine 

    M       1         2         3         4         5         6         7          8        9      10    11     12     13     14    M       1        2        3        4        5         6 

750 

500 

bp 
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nucleotide bases in one more DNA thread than purine 

(Table 5). Lin et al. (2008) stated that collected DNA 

samples showed more pyrimidine base amounts than purine 

bases. The last nucleotide base is guanine (G) with an 

average of 16.8. This result is in accordance with Zhang et 

al. (2010) which states that the guanine base (G) has the 

least amount. The AT bias in COI gene of shrimp crackers 

varied from 59.2% to 63.2% and the GC bias varied from 

36.2% to 39.3%. High AT bias indicates a lower abundance 

of nuclear copies in the COI gene (NUMTs), known as a 
pseudogene (Jaikumar et al. 2019). High AT bias has also 

been reported in several crustacean species including 

marine crabs prawns (Udayasuriyan et al. 2015), freshwater 

crabs (Bhavan et al. 2015), and freshwater (Umamaheswari 

et al. 2016). 

The phylogenetic tree was constructed using Neighbor-

Joining Tree (NJT) method with the bootstrap 1000 and p-

distance model (Figure 2). The NJT method is able to 

calculate the kinship distance indicated by the bootstrap 

value (Rusinko and McPartlon 2017). The shrimp 

sequences were aligned with the ingroup and outgroup. The 

species of sea cucumber (Holothuria leucospilota) was the 
outgroup since it has a distant kinship with the sample to 

show the whole phylogenetic tree. 
 
 

 
Table 4. Genetic distance of COI gene of shrimp crackers 
 

 KU III KU V KU VI KU VII KU VIII KU IX KU X KU XIII KU XIV 

KU III          
KU V 0.186         
KU VI 0.076 0.149        

KU VII 0.000 0.186 0.076       
KU VIII 0.161 0.117 0.090 0.161      
KU IX 0.164 0.130 0.090 0.164 0.027     
KU X 0.109 0.115 0.046 0.109 0.061 0.061    
KU XIII 0.000 0.186 0.076 0.000 0.161 0.164 0.108   
KU XIV 0.325 0.311 0.301 0.325 0.291 0.306 0.308 0.325  

 

 
 
Table 5. Nucleotide composition of COI gene of shrimp cracker 
 

Sample 
Thymine (T) 

(%) 

Cytosine (C) 

(%) 

Adenine (A) 

(%) 

Guanine (G) 

(%) 

Total 

(bp) 

KU III (L. vannamei) 34.2 19.8 27.7 18.2 555 

KU V (M. ensis) 30.4 22.4 29.2 17.9 575 
KU VI (L. vannamei) 32.6 20.1 30.6 16.6 571 
KU VII (L. vannamei) 35.0 19.8 27.8 17.4 529 
KU VIII (F. merguiensis) 32.3 20.7 28.4 18.6 585 
KU IX (F. merguiensis) 34.5 20.2 28.6 16.7 455 
KU X (P. merguensis) 31.7 21.0 31.1 16.2 463 
KU XIII (L. vannamei) 35.3 19.8 27.7 17.1 537 
KU XIV (S. flavicauda) 28.3 29.1 23.3 19.3 597 

 
 

 

 
 
Figure 2. Phylogenetic tree based on COI gene 

 

https://www.sciencedirect.com/science/article/abs/pii/S0022519316303587#!
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The samples identified as shrimp formed distinct 

clusters consisting of L. vannamei and F. merguiensis, 

while the M. ensis species were separated from other 

shrimp groups. Other studies have demonstrated phylogeny 

trees with sequences among genera Penaeus, 

Fenneropenaeus, and Metapenaeus (Rajkumar et al. 2015); 

Litopenaeus and the adjacent Fenneropenaeus belong to 

the old Penaeus genus, and Metapenaeus are separate from 

the other two genera (Voloch et al. 2005). The short 

evolutionary distance is shown by short branches in 
phylogenetic tree indicating close genetic and kinship 

(Rusinko and McPartlon 2017). The position of groups KU 

III, KU VI, KU VII, and KU XIII with the position of KU 

X was most unstable marked with the smallest bootstrap 

value (55%), similar to the group positions KU VIII and 

KU IX.  

In conclusion, specific shrimp primers have been 

successfully designed and amplified eight samples of 

shrimp crackers. Molecular identification showed eight 

samples using shrimp and one sample using fish (S. 

Flavicauda) as the raw material. These results indicate 
illegal substitution of shrimp using unidentified species has 

occurred in shrimp crackers. 
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