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Abstract

A study was conducted to evaluate the suitability
of Pangasius as a raw material for smoke drying. In
the present study, smoke drying was done similar
to the methods followed by traditional fishermen
but the experiments were conducted in controlled
conditions in laboratory. Pangasius was hot smoked
at 80°C for 3 hours, followed by mechanical drying
at 60°C. The prepared product was cooled and
quality of the product was evaluated using proxi-
mate composition, physicochemical parameters,
benzopyrene content, microbial enumeration, analy-
sis of fatty acids, analysis of amino acids and
sensory evaluation. It was observed that the
moisture content of smoked-dried Pangasius was
below 15%. A decrease in pH to 5.96 and an increase
in Total Volatile Basic Nitrogen (TVBN) to 24.45 mg
N/100g was observed in smoked-dried Pangasius.
After smoke-drying, the Peroxide Value (PV),
Thiobarbituric Acid Reactive Substances (TBARS)
and Free Fatty Acids (FFA) has increased to 2.98 meq
O,/kg fat, 1.35 mg MDA/kg fat and 1.29% oleic acid
respectively. Total Viable Count (TVC) and
Staplylococcus spp. were within the acceptable limit.
Saturated fatty acids increased during smoke drying
with palmitic acid dominating others. Among amino
acids, glutamic acid, lysine and aspartic acid were
dominant. The benzopyrene content of smoked-
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dried Pangasius was observed to be 7 ppb. From the
results, it was observed that the quality parameters
of smoked-dried Pangasius were within the limit of
acceptability with good sensory scores suggesting
its acceptance. Hence, it was concluded that smoke-
drying can be used as a method for preserving
Pangasius by controlling the benzopyrene concen-
tration in smoke during processing.

Key words: Smoking, drying, quality, fatty acids,
aminoacids

Introduction

Fish is one of the widely preferred food all over the
world. Fish plays an important role in human diet
as it has high PUFA, animal protein and essential
amino acids along with micronutrients like minerals
(calcium, iron, zinc and selenium) and vitamins (A,
B and D). Increased consumption of fish can reduce
problems related to malnutrition (Anaemia in
women and obesity) and nutritional deficiencies like
iron, zinc, iodine and vitamin A can be treated (FAO,
2020). Marine capture fisheries resources are con-
tinuously depleting due to over exploitation and
pollution. Aquaculture production has increased
significantly but not all aquaculture produce fetch
good price in the market. Pangasius (Pangasius
hypophthalmus Sauvage, 1878) is one of such species,
which has high production rate but it is not fetching
a good price in the market. According to MPEDA
(2018), Indian aquaculture production in the year
2017-18 was 7,05,600 MT of which Pangasius
production was 26,293 MT with Andhra Pradesh as
leading producer (24,845 MT) followed by
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Maharashtra (573 MT). Therefore, there is a need to
develop suitable processing methods for Pangasius.

Smoke-dried fishery products are popular mostly in
the North-Eastern region and Lakshadweep Islands
in India. Smoking is a traditional method of fish
preservation of economic importance worldwide for
thousands of years as it increases the shelf life of
fish by depositing antioxidant and antimicrobial
compounds generated from smoke along with
dehydration of the product (Goulas & Kontominas,
2005; Djinovic et al., 2008). In recent days, smoking
is being used to attain characteristic colour, odour,
texture and taste for the product (Ciecelik et al.,
2017). Smoking is a widely applied method as
smoke can inactivate harmful enzymatic compounds
and microorganisms (Simko, 2002). Though smok-
ing increases the shelf life of the product, deposition
of benzopyrene on the product may be carcinogenic
to the consumers. So, an attempt was made to utilize
marketable size Pangasius to prepare smoke dried
product and evaluate its quality and safety.

Materials and Methods

25 kg of fish was purchased from Khar land
Research Station in Panvel, Mumbai, India and
immediately iced in the ratio of 1:1 (fish:ice) and
brought to the laboratory within 4 hours. The length
and weight of Pangasius varied from 37 - 42 cm and
850 — 1200 g respectively. After reaching laboratory,
the fishes were washed with chilled water to remove
slime and dirt. Later the fishes were eviscerated and
were splitted open in butterfly style from dorsal
side. The prepared fish were washed with chilled
water and were hanged in head up position for
smoking and drying.

Smoking was carried out similar to the method
followed by traditional fish smokers in Amalapuram
district in Andhra Pradesh, India. Smoking was
carried out in two stages. Initially, the fillets were
pre-dried in accelerated mechanical drier at 50°C for
30 min for surface drying of the fillets where no
smoking was involved. Later, the smoking was
carried out in Accelerated mechanical dryer (Yarrow
& Co Ltd, Glasgow, Scotland) at temperatures of
80°C + 5°C with 0.5 m/s air velocity for 3 hours.
After 3 hours, smoking was stopped and Pangasius
was dried at 60°C *= 5°C in the accelerated
mechanical dryer for 36 h where the required
moisture content of 20 % was attained as described
by Kumar et al. (2017) (Unpublished data). In this

method, salt is not added in any step during
preparation of smoked-dried Pangasius.

Four fishes were taken for sampling and 3 of them
were used for microbial and biochemical analysis
and one was used for sensory evaluation. For
biochemical analysis, the muscle of fishes was mixed
and was used for further analysis.

The moisture content, fat content, protein content
and ash content were determined according to
AOAC (2000) and the results were represented as
percentage.

To evaluate pH of smoked-dried Pangasius, 10 g of
muscle was taken and added to 50 ml distilled water
and was homogenized in a homogenizer (Polytron
system PT 2100, Kinematica, AG, Germany) for 30
s. The pH was measured using digital pH meter
(Eutech Instruments, Singapore). TVBN was analysed
by steam distillation method with slight modifica-
tions using trichloro acetic acid as described by
Vyncke (1996). PV was analysed using the method
of Jacob (1958) and the results were expressed as
meq of O,/ kg of fat. The FFA was determined
according to -the method described in AOAC (2000).
TBARS were analysed by the method as described
by Tarladgis et al. (1960).

Benzopyrene was analyzed by the GC-MS-MS based
on the procedure of Chatterjee et al. (2016). Gas
chromatograpph (GC 7890A) coupled to a triple-
quadrupole mass spectrometer (MS, 7000B) (Agilent
Technologies, Palo Alto, CA, USA) was used for
performing residue analysis. Analytical separation
was done on HP-5MS (30 m x 0.25 mm, 0.25 pum)
capillary column with helium as carrier gas at a
constant flow rate of 1.2 ml/min with initial oven
temperature set at 70 °C (1 min hold), later ramped
to 150°C at 25°C/min, to 200°C at 3°C/min and
finally to 285°C at 8°C/min (9 min hold), resulting
in a total run time of 40.49 min and the transfer line
temperature was maintained at 285°C. Multi-mode
inlet (MMI) was used in solvent vent mode with
injection volume of 5 pl

The microbiological evaluation of Total Viable
Count (TVC), Escherichia coli and Staphylococcus
were carried out as per APHA (1992). The lipids
were extracted according to the protocol of Folch et
al. (1957). The fatty acid methyl esters (FAME) were
prepared and the methylated fatty acids were
analysed using GC-MS (QP2010, Shimadzu, U.S.A.)
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as per the AOAC (1995) method. The operational
parameters of the equipment were set as per Keer
et al. (2018).

In a test tube, 100 mg of coarsely homogenized
material was placed and 10 mL of 6 N HCl was
poured. Further, it was infused with nitrogen for all
amino acid analysis except for tryptophan. The
contents were digested in an oven at 110°C for 24
h. After digestion, contents were cooled and filtered
through Whatman No. 1 filter paper and vacuum
flash evaporated until the content is acid-free (after
three washings of 50 mL). The residue was dissolved
in Buffer A (sodium citrate, ethanol, citric acid,
NaOH and Brij with final pH 3.2) and filtered using
0.45 pm syringe filter. Then the sample (20 wL) was
injected into high-performance liquid chromatogra-
phy (Shimadzu chromatograph LC-10ATvp). The
flow rate of mobile phase solvent A (sodium citrate
+ ethanol (pH 3.5)) and solvent ‘B” (sodium citrate
+ NaOH (pH 9.8)) were maintained at 0.4 mL/min
and the temperature of the column was set at 60 p
C. The fluorescence excitation and emission wave-
lengths were 340 and 450 nm, respectively. After
derivatization by O-phthalaldehyde, amino acids
were identified and quantified by comparison of
their retention times with those of standards
(Sigma). The results were expressed in terms of
percentage amino acid per total amino acids.

In case of tryptophan, a 300 mg sample was added
with 10 mL of 5 % NaOH, digested and the contents
were neutralized to pH 7.0 with 6 N HCL. A 0.1 mL
of 2.5 % sucrose and 0.1 mL of 0.6 % thioglycolic
acid were poured into the test tube containing 4 mL
of 50 % H,SO,. Further, the tubes were kept in a
water bath at 45-50°C for 5 min and cooled. Lastly,
0.1-0.8 mL of sample was added to test tubes and
mixed well and made up to 5 mL with 0.IN HCl
and kept aside for 5 min. Tryptophan content was
measured spectrophotometrically at 530 nm (Sastry
& Tammuru, 1985). The results were expressed in
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terms of percentage amino acid per total amino
acids.

The sensory evaluation of smoked and smoke-dried
Pangasius was performed by 10 trained panelists in
Department of Fish Processing, CIFE, Mumbai. 9
point hedonic scale was used to score the product
from 9 to 1 viz., Like extremely (9), Like very much
(8), Like moderately (7), Like slightly (6), Neither
like nor dislike (5), Dislike slightly (4), Dislike
moderately (3), Dislike very much (2), Dislike
extremely (1). The scores from all panelists were
collected and average was calculated.

In this study, all the analyses were done in triplicates
and were subjected to statistical tests. To check
whether there is a significant difference between the
means at P<0.05, analysis of variance was performed
by using one-way ANOVA and applying Duncan’s
multiple range tests and descriptive statistics in
SPSS 16 (SPSS Inc., Chicago, IL, USA) software. The
results in the tables were reported as mean values
of determinations + Standard Deviation.

Results and Discussion

In smoked and smoked-dried Pangasius, there was
an increase in protein, fat and ash with a decrease
in moisture. It was observed that moisture content
decreased from 78.14 % (fresh Pangasius) to 67.34 %
in smoked Pangasius and further decreased to 14.96
% in smoked-dried Pangasius (Table 1). Nahid et al.
(2017) reported a decrease in moisture and an
increase in lipid and protein contents with loss of
water. Bhulyan et al. (1986) reported a decrease in
moisture and increase in lipid content in Atlantic
mackerel. Similar results were observed by
Unliisayyn et al. (2001) in European eel, pike perch
and rainbow trout. The prevalence of low moisture
content in fish muscle becomes an unsuitable
environment for spoilage organisms and chemical
activities (Nahid et al., 2017). Lilabati & vishwanath
(1996) suggested that the right or acceptable

Table 1. Changes in proximate composition (%) of smoked and smoke dried Pangasius

Moisture Protein Fat Ash
Fresh 78.14+0.452 18.23+0.042 2.29+0.362 1.44+0.852
Smoked 67.34+0.53P 22.18+0.08 6.68+0.10P 3.50+0.31b
Smoked--Dried 14.96+0.34¢ 66.55+0.12¢ 9.57+0.29¢ 4.72+0.18¢

* Each value is represented as mean + SD (n =3).
Different superscripts in the same column indicates the values are significantly different (pd<0.05)
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moisture content of smoked-dried fish was 20 %.
The moisture content of smoked-dried Pangasius
was lower than the acceptable limit.

The results of protein content indicated that protein
content increased from 18.23 % in fresh Pangasius
to 22.18 % in smoked Pangasius and again increased
to 66.55 % in smoked-dried Pangasius (Table 1). Due
to loss of moisture during smoking and drying, the
proteins might have concentrated and let to an
increase in the protein content (Koral et al., 2009;
Kumolu-Johnson et al., 2010). Fapohunda and
Ogunkoya (2006) reported an increase in protein
and fat contents during smoke-drying of Clarias
gariepinus. Nahid et al. (2016) reported that protein
content increased in smoked-dried chapila, kaika
and baim fish to 45.25, 74.85 and 70.85% respec-
tively.

The fat content of smoked-dried Pangasius in-
creased from 2.29 % (fresh Pangasius) to 6.68 %
(smoked Pangasius) and later increase to 9.57 %
(smoked-dried Pangasius) due to the removal of
water from Pangasius during drying (Table 1).
Nahid et al. (2016) reported an increase in fat
content in smoked-dried chapila (Gudusia chapra,
Hamilton-Buchanan; 1822), commonly called as
Indian river shad, kaika (Xenentodon cancila,
Hamilton-Buchanan; 1822) commonly called as
Freshwater garfish and baim (Mastacembelus pancalus,
Hamilton-Buchanan/ ; 1822), commonly called as
Barred spiny eel. Lipid content of smoked-dried
chela fish (19.27 %) was higher than sun-dried chela
fish (14.00 %) (Al-Reza et al., 2015). Huda et al.
(2010) reported a fat content of 32.06 % and 8.02 %
in smoked Cryptopterus micronema and Macrones
nemurus respectively.

The ash content increased from 1.44 % in fresh
Pangasius to 3.50 % (smoked Pangasius) and further
increased to 4.72 % in smoked-dried Pangasius

(Table 1). Incineration removes the organic matter
and the inorganic content will remain as ash (Clucas
& Ward, 1996). Smoking results in concentrating of
proteins and fat (Doe & Olley, 1990). Akintola et al.
(2013) reported an increase in ash content during
smoking and sun drying of Penaeus monodon from
12.66 to 13.57 %. The ash content of salted smoked-
dried and dried batashi fish (Indian potasi) on the
dry weight basis was 12.57 and 16.90, respectively
(Rana & Chakraborty, 2016). Huda et al. (2010)
reported that the ash content of smoked Cryptopterus
micronema and Macrones nemurus was 5.41 % and
0.73 %, respectively.

A decrease in pH was observed during smoking of
Pangasius from 6.67 to 6.13, which further decreased
to 5.96 during smoke-drying of Pangasius (Table 2).
The decrease in pH may be attributed to the effect
of phenolic/ acidic constituents deposited on the fish
muscle during smoking (Doe et al., 1998). Dhar et
al. (2014) reported a pH of 599 and 592 in
Amblypharyngodon mola and Puntius sophore, respec-
tively.

An increase in TVBN from 4.95 mg N/100g to 6.46
mg N/100g was observed during smoking of
Pangasius. The TVBN value further increased to 24.4
mg N/100g during smoke-drying of Pangasius
(Table 2). According to Connell (1990), an increase
in the TVBN was due to the bacterial spoilage of
fillets and the limit of acceptability of TVBN is 35-
40 mg N/100g. The TVBN values in the present
study were lower than the maximum limit of
acceptability indicating that the product was of
good quality and was consumable. The high value
of TVBN in smoked-dried fishes might be due to
subsequent microbial and biochemical changes in
fish muscle during smoking (Lilabati & Vishwanath,
2001). Dhar et al. (2014) reported a TVBN value of
23.1 and 10.6 in mechanically smoked
Amblypharyngodon mola and Puntius sophore, respec-

Table 2. Physico-chemical changes of smoked and smoke dried Pangasius

pH TVBN (mg PV (meq of O,/kg TBARS FFA
N/100g) of fat) (mg MDA/kg ) (% oleic acid)
Fresh 6.75 + 0.05¢ 495 + 0.182 0.07 + 0.012 0.04 + 0.00* 0.09 + 0.032
Smoked 6.13+0.01° 6.46+0.35P 0.35+0.04° 0.57+0.04P 0.35+0.00°
Smoke-Dried 5.96+0.012 24.45+0.32¢ 2.98+0.08¢ 1.35+0.02¢ 1.29+0.48¢

* Bach value is represented as mean + SD (n =3).

Different superscripts in the same column indicates the values are significantly different (p<0.05)
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tively. Akiba et al. (1967) reported that amino and
volatile basic nitrogen compounds of fish increased
during smoking.

The peroxide value of smoked Pangasius has
increased from 0.07 meq of O,/kg fat to 0.35 meq
of O,/kg fat, which further increased to 2.98 meq of
O,/kg of fat in smoked-dried Pangasius (Table 2).
The meager increase of PV in smoked Pangasius can
be attributed to low exposure time and the increase
in PV of smoked-dried Pangasius may be due to
extended exposure to higher temperature and air.
Connell (1975) stated that a peroxide value of 10-
15 meq/Kg of lipids indicates rancidity of the
product. The PV values in the present study were
within the limit of acceptability indicating that not
much oxidation has occurred during smoke drying
of Pangasius. Dhar et al. (2014) reported a PV of
11.46 and 9.85 meq O,/kg in mechanically dried
smoked samples whereas traditionally dried
Amblypharyngodon mola and Puntius sophore samples
had lower values. The oxidative deterioration of fat
is due to smoking and exposure to oxygen during
subsequent drying and storage (Bhuiyan et al,
1986).

The free fatty acid value increased in smoked
Pangasius to 0.06 % oleic acid from an initial value
of 0.04 % oleic acid and further increased to 1.29 %
oleic acid in smoked-dried Pangasius (Table 2). The
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hydrolysis of lipid during smoking and subsequent
drying and storage may lead to the formation of free
fatty acids (Huss, 1994). When the FFA value is 0.5
-1.5 % oleic acid, most fatty acids begin to be
noticeable to the palate (Pearson, 1976). The value
of FFA was below the maximum level of acceptance
indicating that the product is of good quality. Dhar
et al. (2014) reported an FFA value of 0.61 and 0.38%
oleic acid in mechanically dried Amblypharyngodon
mola and Puntius sophore, respectively, which was
lower than the traditionally dried samples. Daramola
et al. (2007) reported that the percentage FFA of five
smoked fresh-water fish species, Heterotis niloticus,
Labeo coubie, Parachanna obscura, Oreochromis niloticus
and Clarias gariepinus ranged between 0.91-1.96%
oleic acid.

Not much change has occurred in TBARS value
during smoking of Pangasius. But there was increase
in TBARS value of smoked-dried Pangasius from
0.04 mg MDA/kg (smoked) to 1.35 mg MDA/kg
(Table 2). The lower TBARS value in smoked
Pangasius can be correlated to lower PV values of
smoked Pangasius. The increase in TBARS value
indicates that oxidation has occurred and the
increase in TBARS of smoked-dried Pangasius
might be due to the production of free radicals
during an extended period of drying. TBARS values
higher than 3-4 mg MDA/kg indicates a loss of
product quality (Cakli et al.,, 2006). The TBARS

Table 3. Microbial changes of smoked and smoke dried Pangasius

TVC (log cfu gl Staphylococcus spp. E. coli
(log cfu g (MPN/g)

Fresh 4.69 <1.39 <3.0
Smoked 3.78 <1.39 <3.0
Smoked-Dried 2.56 <1.39 <3.0
* Each value is represented as average of 2 samples
Table 4. Sensory changes of smoked and smoke dried Pangasius
Days Colour Appearence Odour Texture Taste Smoke flavor overall
Fresh 8.82+0.25¢ 8.86+0.19Y 8.80+0.19¢ 8.70+0.19° 8.86+0.28¢ 0.00+0.00? 8.94+0.38¢
Smoke 8.62+0.45Y 8.800.07° 8.70+0.07° 8.62+0.04° 8.68+0.08° 8.460.05" 8.65+0.02°
Smoked-
dried 8.12+0.682 8.2240.182 8.18+0.042 8.06+0.05? 8.3+0.10° 8.1+0.072 8.17+0.072

* Each value is represented as mean + SD (n =10).

Different superscripts in the same column indicates the values are significantly different (p<0.05)
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values in the present study were within the limits
of acceptability stating that the tertiary oxidation of
product was low. Bouriga et al. (2012) reported a
TBARS value of 129 and 0.76 mg MDA/kg in
traditionally and industrially smoked tilapia fillets,
respectively in which the initial value was 0.47 mg
MDA/kg. According to Adenike (2014), the TBARS
value of smoke-dried sliced catfish ranged from 0.14
to 0.24 mg MDA/kg.

The total viable counts of smoked Pangasius
decreased from 4.69 log cfu g! (fresh Pangasius) to
3.78 log cfu g!, which has further decreased to 2.56
log CFUg-1 in smoked-dried Pangasius (Table 3). It
was observed that the TVC of smoked-dried
Pangasius was lower than smoked Pangasius, which
may be due to the increased exposure of microbes
to high temperatures. The lower TVC value in
smoked and smoked-dried Pangasius may be
attributed to the bactericidal properties of smoke
(Huss, 1994). According to Eklund et al. (1988),
smoking imparts a high degree of microbial stability
to the product due to reduced water activity, heating
and smoking. According to FSSAI (2017), the
maximum limit of TVC in dried fish product is 5
log CFU/g. The TVC value of smoked-dried
Pangasius was within the limit of acceptability
indicating that the product was microbiologically
acceptable. The bacterial counts of salted smoked-
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dried and ring tunnel dried batashi fish (Neotropius
atherinoides) decreased from 2.72x10° CFU/g to
1.14x10* and 1.88x10* CFU/g respectively (Rana &
Chakraborty, 2016). The total viable count of smoke-
dried chapila, kaika and baim fish also decreased
during smoking (Nahid et al., 2016). The decline in
total viable count may be due to the bactericidal
effect of constituents of smoke namely acids,
aldehydes and phenols (Eyo, 2006). The E. coli and
Staphylococcus spp. was not detected in smoked and
smoke dried Pangasius.

The changes in fatty acids of smoked-dried Pangasius
are presented in Table 5. The saturated fatty acids
(SFA) decreased from 60.80 (fresh) to 58.64 % during
smoking and again increased to 60.84 % in smoked-
dried Pangasius respectively. Regulska-llow et al.
(2013) while analyzing fatty acid of smoked halibut,
mackerel, bloater and sprat reported that SFA
accounted for one-fourth of fatty acids analysed
with palmitic acid as dominant fatty acid and the
highest percentage of palmitic acid was observed in
sprats and the lowest in halibut. Usydus et al. (2009)
reported that palmitic acid was dominant fatty acid
among SFA in the fat of smoked sprats.
Monounsaturated fatty acids (MUFA) in Pangasius
increased with smoking (39.11%) and smoke-drying
(36.52%) from an initial value of 35.08%. Polyun-
saturated fatty acids (PUFA) of Pangasius decreased

Table 5. Changes in fatty acids (%) of smoked and smoked-dried Pangasius

Common name Fresh fish smoked Smoked-dried
C14:0 Myristic acid 8.07 8.25 8.92
C15:0 Pentadecyclic acid 0.53 0.51 0.83
C16:0 Palmitic acid 50.52 49.25 50.07
C17:0 Margaric acid 0.37 0.36 0.48
C18 Stearic acid 0.22 0.21 0.07
C20:0 Arachidic acid 0.04 0.06 0.11
> Saturated fatty acids 60.8 58.64 60.84
C18:1(n-9) Oleic acid 33.69 36.87 35.25
C20:1(n-9) Eicosenoic acid 0.93 0.76 0.23
C22:1(n-9) Erucic acid 0.46 1.48 1.04
> Mono unsaturated fatty acids 35.08 39.11 36.52
C18:2(n-6) Linoleic acid 1.36 0.95 0.29
C20:4(n-6) Arachidonic acid 1.76 1.12 2.02
C22:6(n-3) Docosapentaenoic acid 0.2 0.18 0.33
2 Poly unsaturated fatty acids 412 2.25 2.64
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with smoking (2.25%) and smoke-drying (2.64%)
from an initial value of 4.12%. The MUFA of smoked
halibut, mackerel, bloater and sprats were 39.8 %,
26 %, 31.1 % and 30.4 %, respectively with oleic acid,
the primary fatty acid in MUFA was 16.67 %, 9.72 %,
12.54 % and 18.05 %, respectively (Regulska-Ilow et
al., 2013). The decrease in PUFA in smoked-dried
Pangasius may be due to oxidation of fat during
drying for a longer period and at high temperature.
Usydus et al. (2009) reported that n-3 PUFA of
smoked mackerel, herring and sprats were 10.6, 19.2
and 22.3 %, respectively. Regulska-Ilow et al. (2013)
have reported the percentage of PUFA in smoked
halibut, mackerel, bloater and sprats were 31.9, 45.4,
40.8 and 37 % of total fatty acids respectively. The
decrease in PUFA, MUFA and increase in SFA may
be due to the unstable nature of unsaturated fatty
acids and presence of oxygen, which accelerates
oxidative rancidity and decrease in moisture content
during smoking and drying (Little et al., 2000; Kaya
et al., 2008; Bouriga et al., 2020). Similar results were
observed by Ciecelik et al. (2017) in smoked
common carp, Rainbow trout and Northern pike
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and Bouriga et al. (2020) in hot smoked zander fish.

The changes in the amino acid profile of smoked-
dried Pangasius is shown in Table 6. The essential
amino acids of smoked-dried Pangasius increased
from 38.8 % to 47.5 %. The non-essential amino acids
decreased in smoked-dried Pangasius from 61.19 %
to 52.49 %. Among the essential amino acids, major
changes were observed in phenylalanine, histidine,
lysine and tryptophan, which have shown an
increase during smoke drying, whereas Leucine
decreased after smoke drying. Among essential
amino acids, lysine (13.36 %) was the most dominant
amino acid followed by leucine (7.59 %). Among
non-essential amino acids, major changes were seen
in glutamic acid, alanine and arginine, which have
declined. But there was an increase in proline and
glycine after smoke-drying of Pangasius. Glutamic
acid (19.37 %) was the dominant amino acid in non-
essential amino acids followed by aspartic acid
(12.26 %). Among all amino acids, the glutamic acid
was dominant followed by lysine and aspartic acid.
Aremu et al. (2013) reported that glutamic acid and

Table 6. Changes in amino acid (%) of smoked and smoke dried Pangasius

Amino acid Name Abbrevation Fresh Unsalted Smoked-dried
Threonine Thr 2.64 2.77
Valine Val 6.44 6.33
Methionine Met 1.17 1.64
Isoleucine Ile 2.71 2.85
Leucine Leu 8.65 7.59
Phenylalanine Phe 4.4 6.46
Histidine His 3.14 4.33
Lysine Lys 9.65 13.36
Tryptophan Try 0 217
3, Essential amino acids 38.8 47.5
Aspartic acid Asp 13.09 12.26
Serine Ser 3.74 3.37
Glutamic acid Glu 24.04 19.37
Proline Pro 0 1.47
Glycine Gly 2.93 3.82
Alanine Ala 5.82 4.44
Cysteine Cys 0 0.1
Tyrosine Tyr 1.92 0
Arginine Arg 9.65 7.66
3, Non-essential amino acids 61.19 52.49
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aspartic acid were the dominant amino acids
ranging between 12.87 to 14.24 g/100 g crude protein
(CP) and 893 to 9.71 g/100 g CP, respectively in
catfish (Clarias gariepinus) smoked using sawdust,
melon husk, electric oven and rice bran. Lysine with
a range of 7.02 to 7.78 g/100 g CP was the most
concentrated essential amino acid followed by
leucine ranged from 6.80 g/100 g CP in rice bran heat
treatment to 7.32 g/100 g CP in electric oven (Aremu
et al, 2013). Essential amino acids in smoked
Cryptopterus micronema were higher than smoked
Macrones nemurus and the content of glutamic acid
was greater than other amino acids (Huda et al.,
2010). Swastawati et al. (2012) reported an increase
in lysine during smoking from an initial value of
0.28 and decreased during storage. Similar results
were observed by Ciecelik et al. (2017) in smoked
common carp, rainbow trout and northern pike and
Ayeloja et al. (2020) in smoked Oreochromis niloticus.

The overall sensory score of smoked Pangasius was
higher than the smoked-dried Pangasius with values
8.65 and 8.17, respectively (Table 4). It indicates that
smoked Pangasius was highly preferred by panelists
than the smoked-dried Pangasius. The probable
reason for this preference may be due to its cooked
effect and succulence of smoked fish. The colour
characteristics of smoked fish not only depend on
pigmentation of skin but also on quantity and
composition of smoke deposits and their interac-
tions with tissue components (Sikorski et al., 1998).
Phenolic compounds deposited during smoking
process attributed to the colour, taste and flavour of
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smoked fish (Dhar et al., 2014). From the results, it
was observed that the prepared smoke-dried
Pangasius was acceptable and have a good appear-
ance, odour, taste and texture making the product
delicious. The high value for overall acceptance in
smoked Pangasius may be due to its succulence,
golden colour and taste. In smoked-dried Pangasius,
it was observed that there was a shift in colour from
golden (smoked Pangasius) to brown (smoked-dried
Pangasius) due to drying.

From the results, it was observed that benzopyrene
concentration of 7 ppb was detected in the smoked-
dried Pangasius (Figure 2) whereas the benzopyrene
content was below detectable level in smoked
Pangasius (Figure 1). According to the European
Union, 5 ppb of benzopyrene is the maximum
retention limit in food. In the present study, it was
observed that the levels of benzopyrene in smoked-
dried Pangasius was higher than the acceptable limit
indicating that the product was carcinogenic to
consumers. It was observed that in smoked Pangasius,
benzopyrene was not detected, but it was detected
in smoked-dried Pangasius. Concentration of ben-
zopyrene in the muscle during drying process might
be the probable reason for the increase in benzopy-
rene levels of smoked-dried Pangasius.

From the results, it was observed that the quality
parameters of smoked and smoked-dried Pangasius
was within the limit of acceptability indicating that
smoked-dried Pangasius is suitable for consump-
tion. Presence of high protein, fat, along with higher
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Figure 1a. Chromatogram showing retention time and peak for benzopyrene 1 and 2 of smoked Pangasius
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Figure 1b. Chromatogram showing retention time and peak for benzopyrene 1 and 2 of smoked-dried Pangasius

saturated and monounsaturated fatty acids and high
essential amino acids in smoked-dried Pangasius
indicate its high nutritional quality. It was also
observed that benzopyrene content in smoked-dried
Pangasius exceeded the maximum retention limit
whereas it was not detected in smoked Pangasius.
So, it can be concluded that Pangasius can be used
as a candidate species for preparation of smoked
and smoked-dried products with good nutritional
quality only if proper precautions are taken during
the manufacturing to reduce the benzopyrene
content in smoke generated by using filters.
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