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Abstract

Fish and seafood products has been commonly targeted for fraudulent activities. For that reason, authentication of
fish and seafood products is important to protect consumers from fraudulent and adulteration practices, as well as
to implement traceability regulation. From the viewpoint of food safety, authenticity is beneficial to protect public from
serious food poisoning incidents, such as due to ingestion of toxic species. Since DNA based identification depends
on the nucleic acid polymerase chain reaction (PCR), the quantity and quality/purity of DNA will contribute significantly
to the species authentication. In the present study, different DNA extraction and purification methods (3 classical
methods and one commercial kit) were compared to produce the better isolated DNA for PCR amplification.
Additionally, different methods for the estimation of DNA concentration and purity which is essential for PCR
amplification efficiency were also evaluated. The result showed that classical DNA extraction methods (based on
TNES-Urea) yielded a higher amount of DNA (11.30-323.60 ng/g tissue) in comparison to commercial kit/Wizard
Promega (5.70-83.45 ng/g tissue). Based on the purity of DNA extract (A260/280), classical DNA extraction method
produced relatively similar on DNA quality compared to the commercial kit (1.79-2.12). Interestingly, all classical
methods produced DNA with A260/280 ratio of more than 2.00 on the blue mussel, in contrast with commercial kit. The
commercial kit also produced better quality of DNA compared to the classical methods, showing the higher efficiency
in PCR amplification. NanoDrop is promising as cheap, robust and safe UV-spectrophotometer method for DNA
quantification, as well as the purity evaluation.
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1. Introduction

The authenticity of fish species and seafood is
essential to implement traceability of food products
to protect consumers from fraudulent and adulteration
(FAO, 2018; Pahl, 2018). Species identification is also
beneficial to prevent mislabeling and substitution of
some commercially important seafood by others with
lower value (Trotta et al., 2005; Cutarelli et al., 2014).
Not only do seafood producers but also food inspectors
require authenticity to ascertain the species included
in their formulations (Di Pinto et al., 2015). Additionally,
from the viewpoint of food safety, authenticity could
protect public from dangerous food poisoning
incidents, due to ingestion of toxic species such as

ciguatox in, tetrodotox in, shell f ish toxins,
scombrotoxin, etc (Martinez, James & Loreal, 2005;
Cohen et al., 2009).

Traditionally, identification of fish and seafood is
employed based on the morphological characteristics.
External features, such as character of the fin, head,
scales, teeth, otoliths, and body shape are commonly
important organs for fish species identification (FAO,
2013; FishBase, 2018). However, application of the
classical method for species classification is limited
as many seafood species are not presented in the
original features, such as processed fish that undergo
subsequent removal of characteristics (head, fins)
used for traditional identif ication. Recently,
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identification of fish and seafood species could be
performed using DNA or protein sequences. These
species-specific markers could overcome the difficulty
of traditionally identification method since they could
address the modifications of fish constituents during
processing. In practice, DNA based identification is
more promising as DNA are more stable than protein
to various treatments, including thermal process
(Milana, Fusari, Rossi & Sola, 2011; Zhang & Hanner,
2012). Currently, DNA barcoding has been establishing
as a robust, accurate, and cost-effective method for
species identification (Clark, 2015; Di Pinto et al.,
2015).

The successfulness of species identification based
on nucleic acid method, such as polymerase chain
reaction (PCR), depends on the quantity and quality/
purity of DNA, purification techniques and PCR
amplification. Low amount of DNA or degraded DNA
and the presence of PCR inhibitors are common reason
to hamper the efficiency of PCR amplif ication,
especially long sequences or other PCR fingerprint
methods (Hu, Liu, Yi & Huang, 2015; Ai et al., 2016;
Chowdhury et al., 2016). Instead of classical method,
commercial kit has shown advantages for DNA
extraction. Most of classical DNA extraction methods
employ TNES digestion buffer containing Tris-HCl,
NaCl, EDTA, Sodium Dedocyl Sulphate. In practice,
this method is modified in the application of proteinase-
K, RNAse and precipitation solution that produce
different DNA concentration and purity (Asahida,
Kobayasi, Saitoh & Nakayama, 1996;  Wasko,
Martins, Oliveira & Foresti, 2003; Hsieh, Chai & Wang,
2005).

The present study aimed to evaluate different DNA
extraction and purification methods suitable for fish
and seafood products. The quantity and purity of DNA
were then measured to compare the different
quantification methods. With regards to classical
spectrof luorometic method, a simple UV-
spectrophotometric offers a rapid and safe method for
measuring DNA concentration and purity (Ganske,
2014; LGC, 2018). Furthermore, PCR amplification of
cytochrome-b gene was applied for fish and seafood
authenticity test since mitochondrial DNA has been
widely used for species identification (Ratnasingham
& Hebert, 2011; Cutarelli et al., 2014; Ai et al., 2016).

2. Materials and Methods

A number of 5-10 individual of 4 species of seafood
were used for the present study i.e. two fish species
(common sole/Solea solea and whiting/Trisopterus
luscus), one species of crustacean (brown shrimp/
Crangon crangon) and mollusk (blue mussel/Mitylus
edulis). Prior to DNA extraction, all species were

identified based on their morphological features in
comparison to the reference (FishBase.org). All
samples were then eviscerated and filleted to obtain
the tissue for DNA extraction. Further step was DNA
extraction using three classical methods and a
commercial kit. The isolated DNA was then evaluated
to measure the concentration and purity. Two methods
for DNA quant if ication was compared i .e.
spectrophotometric and fluorospectrometric methods.
The DNA purity was also estimated based on
spectrophotometric method and gel electrophoresis.
To evaluate the DNA efficiency on fish authenticity
determination, PCR evaluation was performed on
cytochrome-b gene of mitochondrial DNA.

2.1. DNA Extraction

DNA was extracted and purified by using a
commercial kit and classical methods. Wizard
Genomic Purification kit, originate from Promega was
used as a commercial method (method 1).
Additionally, the three classical methods employed
based on the use of TNES buffer for cell lysis and
phenol-chloroform for the DNA extraction according
to the procedure described by Hsieh et al., 2005
(method 2); Wasko et al., 2003 (method 3) and
Asahida et al., 1996 (method 4). These classical
methods have been widely used to extract DNA either
for fish tissue, fin, scales, or other food products. The
resulting DNA was then quantified based on their
quantity and purity. In general, the differences among
the DNA isolation method is in the application of lysis
buffer, RNAse, protein precipitation and DNA recovery
steps as presented in Table 1. Furthermore, the DNA
was tested for PCR amplification.

2.1.1. DNA extraction method 1 (Wizard
  Promega)

DNA extraction and purification were performed
based on a commercial kit (Promega, 2002).  In a 1.5
ml tube, 120 l of a 0.5M EDTA-pH 8.0 was added to
600 l of nuclei lysis solution (NLS). Each tube was
added with approximately 100 mg of tissue followed
by adding 17.5 l of 20 mg/ml Proteinase-K. The tube
was then vortexed gently for 20 seconds, incubated
overnight at 55 ºC. After the incubation, 3 l of 4 mg/
ml RNAse was added to the nuclear lysate and
incubated at 37 ºC for 30 minutes.

A 200 l of protein precipitation solution (PPS) was
added to extract the DNA. The crude extract was then
vortexed and further centrifugation at 14.000 rpm for
10 minutes. The supernatant was transferred in to a
new  tube containing  600 l  of  IPA  and  freezed at
-20 ºC for 1 hour. The DNA was precipitated at 14.000
rpm centrifugation for 10 minutes. The DNA pellet was
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washed by 600 l of 70% ethanol, followed air dried
and re-suspended in 100 l TE buffer and incubated
at 65 ºC for 1 hour for further application.

2.1.2. DNA extraction method 2 (Hsieh et al.,
  2005)

The difference of this method from the other DNA
extraction methods is the use of TNES buffer without
urea as well as RNase. Approximately 100 mg of
tissue was crushed with 600 l buffer in a 1.5 ml
Eppendorf tube containing 10 mM Tris HCl pH 7.5,
125mM NaCl, 10mM EDTA, and 1% SDS. The tube
was added with 15 l of 20 mg/ml Proteinase-K
followed by overnight incubation at 55 ºC.

Protein precipitation was performed by 600 l of
phenol:chloroform:isoamyl alcohol (25:24:1). The
undissolved material was separated by centrifugation
at 14.000 rpm for 10 minutes. The top layer was then
collected and transferred to a new tube followed by
another extraction with 600 l of phenol:chloroform
(24:1). DNA precipitation was performed in 3M NaOAc
pH 5.3 and two volume of absolute ethanol and cooled
at -20 ºC for one hour. After centrifugation at 14.000
rpm for 10 minutes,  the  DNA  pellet was rinsed in
600 l of 70% ethanol, air dried and re-suspended in
100 l of TE buffer and incubated at 65 ºC for 1 hour.

2.1.3. DNA extraction method 3 (Wasko et al.,
  2003)

One hundred milligrams of fresh tissue was
transferred in to a 15 ml falcon tube containing 4 ml

TNES-Urea buffer (4 M urea; 10 mM Tris HCl, pH 7.5;
125mM NaCl; 10mM EDTA; 0.5% SDS). The tube
was added with 15 l of 20mg/ml RNAse  and
incubated at 42 ºC for 1 hour.  A 75 l of 4 mg/ml
Proteinase-K was added to each tube followed by
second incubation at 42 ºC for 10 hours.

The protein was isolated with 4 ml  of
phenol:chloroform:isoamyl alcohol (25:24:1) and the
tubes were rotated at 14.000 rpm for 10 minutes. The
top layer was collected and transferred to a new tube.
DNA recovery was in 1M NaCl and two volume of
absolute ethanol, followed by centrifugation at 14.000
rpm for 10 minutes. The DNA  was rinsed in 70%
ethanol, air dried and re-suspended in TE buffer by
incubation at 65 ºC for 1 hour.

2.1.4. DNA extraction method 4 ( Asahida et
  al., 1996)

Approximately 100 mg of tissue was prepared and
transferred into a 1.5 ml Eppendorf tube. A 600 l of
TNES-Urea buffer (6 M urea; 10 mM Tris HCl, pH 7.5;
125 mM NaCl; 10 mM EDTA; 1% SDS) was used as
the extraction buffer. For tissue digestion, the tube
was added with 2 µl of 20 mg/ml Proteinase-K and
incubated overnight at 37 ºC. A 3 l of RNAse was
added to the tubes and the incubation was maintained
at 37 ºC for 30 minutes.

The DNA was extracte by adding 600 l of
phenol:chloroform:isoamyl alcohol (25:24:1), followed
by centrifugation at 14.000 rpm for 10 minutes. The
top layer was collected and transferred to a new tube
for further extraction using 600 l chloroform:isoamyl

Table 1. Basic protocol of the different DNA extraction methods

Note:
NLS: Nuclei lysis solution + 0.5 M EDTA, pH 8
TNES: 10mM Tris HCl, pH 8; 125mM NaCl; 10mM EDTA; SDS (Sodium Dodecyl Sulphate)
PCI: Phenol: Chloroform: Isoamylalcohol (25:24:1); PPS (Protein Precipitation Solution)
NaOAc: sodium acetate pH 5.3; NaCl: Sodium chloride
EtOH: Ethanol; IPA: Isopropyl alcohol
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Step
Method 1 

(Promega)
Method 2                    

(Hsieh et al., 2005)
Method 3                            

(Wasko et al., 2003)
Method 4                       

(Asahida et al., 1996)

Lysis Buffer NLS TNES: 1% SDS TNES-Urea: 0.5% SDS, 
4M Urea

TNES-Urea: 1% SDS, 
6M Urea

Proteinase-K 350 µg 300 µg 300 µg 40 µg 

RNAse 12 µg - 300 µg 12 µg

600 µL PCI,

600 µL CI

600 µL EtOH 600 µLEtOH 

+ NaCl 1M + NaOAc 3M

4 mL PCI

DNA Recovery 600 µL IPA 600 µLEtOH +NaOAc 
3M

Protein 
Precipitation

200 µL PPS 600 µL PCI
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alcohol (24:1). After centrifugation, the top layer was
re-collected and transferred into a new tube.

A 1/10 volume of NaOAc 3M, pH 5.3 and 2 volume
of 99% ethanol was added to the tube for DNA
precipitation  and  gently  inverted. After  stored  at -
20 ºC for 1 hour, the tube was rotated at 14.000 rpm
for 10 minutes. The DNA pellet was rinsed in 70%
ethanol followed by air dried and re-suspended in 100
l of TE buffer (10 mM Tris HCl pH8.0; 1 mM EDTA pH
8), incubated at 65 ºC for 1 hour.

2.2. Determination of DNA Concentration and
       Purity

Two different spectrophotometric methods
(fluorospectrometric using Picogreen and UV-
spectrophotometric method using NanoDrop) were
evaluated for measuring the DNA concentration and
purity of  the different samples. A Shimadzu
Fluorospectrophotometer - RF1501 was applied to
measure the fluorescent index of dsDNA. In a 4.5 ml
disposable cuvette (ROTH; Art.8128), one microliter
of isolated DNA was diluted in 1.997 l of sterilized
TE buffer. Two microlitres of fluorescent dye of Quant-
T Picogreen dsDNA (Invitrogen) was added to bind
the double-stranded DNA. After incubated for 5
minutes at dark room, samples were measured at
wavelength of 480 nm excitation and 520 nm emission.
A standard curve was created by 2 g/ml of Lambda
DNA (Invitrogen) as a working solution. A seven-point
standard curve was designed by diluting working
solution in the same way as the experimental sample.
The fluorescent values were then subtracted to the
reagent blank; the data was used to generate the
standard curv e of  f luorescent against DNA
concentration of the samples.

In comparison to Spectrofluorometric method, the
concentration and purity of DNA were also estimated
by UV-spectrophotometric method. A NanoDrop ND-
1000 spectrophotometer (Desjardin & Conklin, 2010)
was used to measure DNA concentration and the
absorbance ratio at 260 and 280 nm. A 1 l sample
was pipetted onto the lower pedestal of NanoDrop
apparatus. The instrument is controlled by integrated
software run from PC that measures not only DNA
concentration but also the purity by acquiring the ratio
of A260/280.

In order to evaluate the size and purity of DNA
fragments, isolated DNA was performed in an agarose
gel electrophoresis. One percent of agarose (Promega)
was dissolved in 1x TAE buffer with SybrGold gel stain
(Molecular Probes). The mixture was then heated in
a microwave for 3-5 minutes until the agarose
completely dissolved. Afterward, the gel was poured
into a gel mold with casting combs in place. The gel

was allowed to solidify for 20-30 minutes in a chamber
of Midicell® Primo EC 330 (Thermo). The reservoir was
filled with 1x TAE buffer until the agarose gel was just
covered by the buffer. Five microliters of samples
containing blue-orange loading dye (Promega) was
loaded into the gel. As the fragment marker, a Smart
Ladder 1800 (Eurogentec) was used. Electrophoresed
was run for one hour at 66 volt and DNA fragments
were visualized on a UV trans-illuminator (254 nm)
and captured by Edas-290 digital camera (Kodak).

2.3. PCR Assays

The isolated DNA was analyzed by PCR to evaluate
the suitability for amplification. The primer pair used
in this study included forward primer of CytBL1 and
reverse primer of CytBH with the target of 357 bp
fragment of cytochrome-b gene. These primers were
employed previously by Bartlett and Davidson (1991)
for the identification of tuna species. Additionally,
Cespedes et al. (1998) studied the same primer, with
different condition on PCR amplification, for species
identification of flat fish. The set of primers are:
Cyt BL1 : 5’- CCA TCC AAC ATC TCA GCA TGA TGA

   AA – 3’ (26mers)
Cyt BH : 5’- CCC CTC AGA ATG ATA TTT GTC CTC A

 – 3’ (25mers)
The reaction was performed in a final volume of 20 l
using a JumpStart REDTaq ReadyMix P 0982 (Sigma),
each primer and serial dilution of DNA templates as
follows:

Amplification was performed in a PCR-express
thermal cycler (Hybaid). PCR amplification was
carried out for 35 cycles with conditions in the following
steps: 1. Initiation at 94 oC for 8 minutes (1 x); 2.
Denaturation at 94 oC for 30 seconds (35 x); 3.
Annealing at 50 oC for 30 seconds (35 x); 4. Extension
at 72 oC for 1 minute (35 x); and 5. Final extension at
72 oC for 4 minutes (1 x).

The PCR product was v isualized by gel
electrophoresis on 2.0% (w/v) of agarose (Promega)
GelRed staining. The gel preparation was the same
as the electrophoresis of DNA extract. Five l aliquot
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Reagent Volume (μl) Final 
concentration

2x JumpStart REDTaq 
ReadyMix

10 μl 1x

Forw ard primer (Cyt BL1) 2 μl (10 mM) 1 μM

Reverse primer (Cyt BH) 2 μl (10 mM) 1 μM

DNA template variable 5-20 ng

PCR H2O variable -

Total volume 20 μl -
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of amplified products were then loaded on the gel
together with 100 bp DNA ladder (Eurogentec) as the
marker.  DNA fragments were recorded on a UV trans-
illuminator (254 nm) and captured by Edas-290 digital
camera.

3. Results and Discussion

3.1. DNA Concentration and Purity

The DNA concentration and purity performed by
the different extraction methods are shown in Figure
1. It was found that all extraction methods gave positive
result of isolated DNA. Typically, the classical
extraction methods (method 2, 3, and 4) produced
higher DNA yield on all samples i.e. 11.30-178.20 ng/
g fish tissue, 23.80-322.64 ng/g crustacean tissue
and 208.40-323.60 ng/g mollusk tissue in comparison
to commercial kit/method 1 (5.70-12.59 ng/g fish
tissue, 10.4-28.62 ng/g crustacean tissue and 54.40-
83.45 ng/g mollusk tissue). It was found that different
samples produced different DNA concentration. Fish
species of  T. luscus yielded the lowest DNA
concentration (7.5-63.3 ng/mg tissue), while blue
mussel/M. edulis produced the highest one (54.40-
323.60ng/mg tissue). The concentration of DNA
measured by spectrometric method corresponds to
the result of the gel electrophoresis evaluation of DNA
extracts, indicated by relatively weaker bands on
method 1 and 2 compared to that of method 3 and 4
(Figure 3).

The application of higher concentration of lysis
solution resulted in the more degradation of isolated
DNA, particularly on T. luscus and M. edulis, as
performed in gel electrophoresis profile (Figure 3). This
phenomenon takes place as the tissue of T. luscus
and M. edulis is apparently less compact than that of
S. solea and C. crangon. For that reason, 1% SDS
without urea (Method 2) or 0.5% SDS with urea 4 M
(Method 3), is likely sufficient for cell lysis of fish and
seafood products. In addition, the lysis buffer with 1%
SDS in the presence of 6M urea (method 4) produced
more degraded DNA as performed by the
electrophoresis prof ile of  DNA integrity. This
combination of lysis buffer is apparently more
applicable for fin and scale specimen instead of tissue,
as described by Asahida et al. (1996) and Wasko et
al. (2003).

Based on the A260/280 ratio (Figure 2), all extraction
methods produced relatively high purity of DNA,
ranging between 1.89 and 2.12. In general, the A260/280
of pure DNA is between 1.80 and 2.00 (Brescia, 2012).
The result of the classical extraction methods revealed
that the yield of DNA depends on the concentration of
lysis solution (SDS and urea) and enzymes
(Proteinase and RNAse). SDS with the presence or
absence of urea is important for cell disruption to
release the DNA. In addition, Proteinase contributes
in protein digestion while RNA is degraded by RNase.
Evaluation of A260/280 showed that all extraction
methods produced high purity of isolated DNA;
correspond to the results described by Wasko et al.
(2003) and Di Pinto et al. (2007). Besides protein and

Figure 1. DNA concentration performed by different extraction methods on fish, crustacean, and mollusk
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Note:
Method 1 : DNA extraction according to Wizard Promega
Method 2 : DNA extraction according to Hsieh et al.,2005
Method 3 : DNA extraction according to Wasko et al.,2003
Method 4 : DNA extraction according to Asahida et al., 1996
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RNA, phenol and salt are common contaminants
present in the DNA extracted by classical methods.

The result revealed that the yields of DNA depend
on the concentration of lysis solution (SDS and/or
urea) and both enzyme of proteinase and RNAse.
Based on the ratio of absorbance at 260 and 280 nm,
all extraction methods produced a relatively high purity
of DNA extract (Wasko et al., 2003 & Di Pinto et al.,
2007). Protein and phenol are among the most
components to reduce the purity of DNA isolate due

to improper preparations. Protein may present due to
un-optimized precipitation, while phenol was used
during DNA extraction together with chloroform and
isoamyl alcohol. In general methods 2 of Hsieh et al.
(2005) produced a better DNA purity, indicated by the
ratio of A260/280 between 1.8 and 2.0 for all tested
species of fish, crustacean and mollusk (Figure 2),
while method 1 of commercial kit Promega produced
relatively better DNA purity than method 3 and 4. A260/

280 ratio of  DNA under 1.8 indicates protein

Figure 2. DNA  purity (A260/280) performed  by different  extraction  methods on  fish, crustacean  and mollusk
      samples

Figure 3. Gel electrophoresis profile of isolated DNA on fish, crustacean and mollusk

1-2: S. solea; 3-4: T. luscus; 5-6: C. crangon; 7-8: M. edulis; M: DNA marker 1kb
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Note:
Method 1 : DNA extraction according to Wizard Promega
Method 2 : DNA extraction according to Hsieh et al.,2005
Method 3 : DNA extraction according to Wasko et al.,2003
Method 4 : DNA extraction according to Asahida et al., 1996
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contamination, while ratio over 2.0 indicates potential
contamination of extraction residue such as RNA,
phenol, alcohol, and salts (Brescia, 2012).

The application of different solution for DNA recovery
might also influence the DNA purity. Since commercial
kit only used IPA without sodium salt, this method
may reduce the DNA recovery. However, the absence
of sodium salt would also reduce the possible salt
contamination in the final product. In contrast, all
classical method used ethanol with combination of
NaOAc or NaCl to increase DNA recovery.
Consequently, salt impurities may also present in the
final DNA extract. IPA is known to be more efficient in
DNA recovery compare to ethanol due to lower
dielectric constant, which is also beneficial to
precipitate salt impurities. In contrast, ethanol is more
volatile than IPA and therefore the DNA will dry faster.
The application of NaOAc is more effective for DNA
recovery due to more soluble in IPA or ethanol than
NaCl. However, NaCl has advantages if sample
contains SDS residue from the previous step of cell
lysis (Maniatis, Fritsch & Sambrook, 1982).

Even though yielded lower amount of isolated DNA,
commercial kit (Promega) produced less fragmented
DNA. Producing the less degraded DNA is essential
for the PCR application of long fragmented DNA
(Weder, 2002; Di Pinto et al., 2007). The more
contaminated DNA performed by method 4 may be
associated with the use of relatively low concentration
of Proteinase and RNAse in comparison to the other
methods, as performed by a relatively high of A260/280
ratio on T. luscus and M. edulis  (Figure 4) and
electrophoresis profile of DNA isolates (Figure 3). The
combination of Proteinase and buffer component is

critical to denature DNAse which can contribute to
reducing cellular integrity. Technically, cationic ions
(such as Mg2+, Ca2+) which are important for DNAse
can be chelated by EDTA present in lysis buffer
(Brescia, 2012).  Importantly, DNA extraction by
commercial kit offers a convenient way as it is simple
and can avoid the use of phenol-chloroform.

3.2. Evaluation of Determination Method for
         DNA Concentration and Purity

In the present study, the UV-Vis absorption spectra
of DNA concentration were recorded by a NanoDrop®
ND-1000 spectrophotometer (Isogen).  This device has
a full-spectrum between 220 and 750nm that
measures only approximately 1 l samples. This
eliminates the need for consumable cuvettes and other
sample preparation devices as performed in a
spectrofluorometer. NanoDrop is also known as robust,
less harmful and more environmental friendly
application since the measure does not require
additional DNA staining as performed in
spectrofluorometer method. Not only measure the DNA
concentration, but also does NanoDrop in parallel
measure the absorbance ratio which is beneficial to
estimate the DNA purity.

Based on the correlation test as presented in
Figure 4, a UV-Vis spectrometry based (NanoDrop)
measurement likely overestimates DNA concentration
nearly 7 times higher in comparison to  that of
spectrofluorometry based measurement (Picogreen).
This could be explained as the major limitation of this
method are the contribution of nucleotides and single-
stranded DNA to the signal, the interference caused

Figure 4. Correlation of DNA concentration measured by Picogreen and NanoDrop

Dwiyitno et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 13 (3) 2018, 115-124



122

by contaminants due to inappropriate preparations,
and the inability to distinguish between DNA and RNA.
However, spectrophotometry is a common method for
measuring DNA concentration due to the simplicity
and less cost. Spectrophotometer technique
measures DNA based on the determination of
absorbance at 260 nm, which also absorbs protein
impurities.

Generally, the detection limit of  classical
spectrophotometer is quite high (5 g/ml dsDNA
solution), compared to that of spectrofluorometer
approx. 10 ng/ml (Paul & Myers, 1982). Certain dye
even demonstrates a detection limit up to 25 pg/ml
(Invitrogen, 2007). Fluorometric method also less
consumes DNA sample, as only 1l is needed for the
measurement compare to at least 10  l  on
spectrophotometer method. Interestingly, fluorometric
method is suitable for selective targets, dsDNA,
ssDNA or RNA, with less interference. With regard to
NanoDrop, this UV-Vis measurement method could
reduce the disadvantages of UV-Vis spectrometry, in
term of either sample requirement or detection limit.
Currently common detection limit of NanoDrop is 2
g/ml with 1-2 l DNA sample for each measurement.
Interestingly, the result of DNA purity measured by
NanoDrop (Figure 2) corresponds to the result of gel
electrophoresis test (Figure 3). Therefore, application
of NanoDrop would reduce the time significantly and
cost for DNA concentration and purity measurement
compared to classical spectrof luorometric
measurement.

3.3. PCR Assay

Electrophoresis evaluation of PCR assay resulted
by the different DNA extraction methods gave a
positive result as presented in Figure 5. All isolated
DNA prepared by the different extraction methods were
amplified targeted DNA fragment to generate a 360
bp of cytochrome-b gene. DNA extract performed by
commercial kit (Promega) resulted in the better

amplified product as demonstrated the stronger bands
on the T. luscus sample compared to that of other
methods. Remarkably, amplified products of S. solea
produced a strong band on all extraction methods.
More concentration of DNA template per PCR reaction
seems to be required for the optimum amplification of
T. luscus isolate, instead of 5 ng as for S. solea
sample.

Specifically, a weak band was performed on all
amplified products of crustacean sample (C. crangon)
and mussel sample (M. edulis). Optimal amplification
might not be achieved yet due to inappropriate
primers, amplification condition or the present of PCR
inhibitors. Originally, the primers used in the present
study (cytBL1 and cytBH) were employed to amplify
tuna species (Bartlett & Davidson, 1991) and flat fish
(Cespedes et al., 1998). Specifically, the invisible band
of blue mussel fragment on PCR of method 2 might
be affected by PCR inhibitors. Earlier study showed
that some PCR inhibitors such as glycogen, algae
and other micro biota present in bivalve-mollusk
samples since they are known as filter feeding species
(Schrader, Schielke, Ellerbroek, & Johne, 2012).
Additionally, the absent of urea and RNAse application
in method 2 might also contribute in reducing the DNA
purity of blue mussel as the A260/280 was over 2.00,
indicating minor contamination.

4. Conclusion

Typically, classical DNA extraction methods
yielded a higher amount of DNA extract (11.30-323.60
ng/g tissue) in comparison to commercial kit/Promega
(5.70-83.45 ng/g tissue). Based on the purity of DNA
extract (A260/280), both methods (commercial kit and
classical method) produced relatively high DNA quality
(A260/280 = 1.79-2.12). All classical methods produced
DNA with A260/280 ratio more than 2.00 on blue mussel
sample, in contrast with commercial kit. Among
classical methods, method 2 and method 3

Figure 5. Electrophoresis profile of PCR products following the different DNA extractions

(1-2: S. solea; 3-4: T. luscus; 5-6: C. crangon; 7-8: M. edulis; M: DNA marker)
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demonstrated the less degraded DNA extract.
NanoDrop is promising as cheap, robust and safe UV-
spectrofotometer method for DNA quantification, as well
as for DNA purity evaluation. In comparison to
spectrophotometer, fluorometric method has higher
sensitivity of the assay and therefore tends to produce
more accurate dsDNA concentration. Despite yielding
lower DNA concentration, the commercial kit (Promega)
produced a better quality of DNA isolate compared to
the classical methods. In addition, commercial kit offers
a simpler procedure and avoids the use of harmful
reagents in comparison to classical methods. Among
classical DNA isolation methods evaluated in this study,
4 M urea in combination with 0.5% SDS (method 3) or
1% SDS without urea (method 2) proved to be the
optimal lysis solution for fish and seafood products. It
is important to note of possible environmental
contaminants when the classical DNA extraction
method is applied for certain samples, such as bivalve-
mollusk and consequently require modification of DNA
extraction protocol.
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