Rakhmayeni et al./ JIPK, 12 (2):315-323

JIPK.Volume 12 No 2.November2020
Sinta 2 (DecreeNo:10/E/KPT/2018)

e-ISSN:2528-0759;p-ISSN:2085-5842
DOI=10.20473/jipk.v12i2.20790
Available online athttps://e-journal.unair.ac.id/JIPK/index

JIPK
Short Communication

Application of Liquid Smoke from Coconut Shell in Tandipang
(Dussumeiria acutta) Smoked Fish to Extend Shelf Life
Dyah Ayu Rakhmayeni1, TattyYuniarti2* , Sukarno3
1

Program Study of Fisheries Resource Management, Fisheries Product Processing Industry, Jakarta Technical University of
Fisheries. Indonesia
2
Department of Fisheries Extension, Jakarta Technical University of Fisheries, Cikaret St No. 1, Bogor. Indonesia
3
Department of Food Science and Technology. Fateta, IPB University, Dramaga IPB Campus, Bogor. Indonesia

Abstract

ARTICLE INFO
Received: July 16, 2020
Accepted: September 26, 2020
Published: September 27, 2020

*) Corresponding author:
E-mail:tatty.yuni@gmail.com
Keywords:
ASLT
Liquid Smoke
Shelf Life
Tandipang Fish

Fumigation using liquid smoke produces smoked fish products with a smoky flavor
character and can increase shelf life. The research objective was to determine the
shelf life of the tandipang fish which was processed using liquid smoking. The test
was carried out by storing smoked fish in an incubator at different temperatures
30 °C, 40 °C, and 50 °C with three replications for 5 weeks (35 days). The samples
prepared at each temperature were kept in an incubator for five weeks. The
parameters tested for estimating shelf life are using the test data aW (activity water),
peroxide number, and TPC (total plate count). The three parameters are selected by
one parameter to calculate the shelf life of liquid smoked tandipang fish which is
considered to greatly affect the quality degradation during storage. The aw
parameter is used to determine the shelf life because it has a high R 2 value with an
activation energy of 86972.75 J / mol.K. Estimation of shelf life of liquid cured fish
at room temperature using aw parameter is 23.2 weeks or 5.8 months.
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1. Introduction
Fumigation is a method of preservation with added
salt that has been applied to daily needs. Smoked fish is
one of the most popular fish products by the public
(Belichovska et al., 2019). Smoking is generally
combined with a drying technique. Drying aims to reduce
water content to the limit of the development of the
development of organisms and enzyme activities that
cause decay so that the dried product has a longer shelf
life (Agustina et al., 2013). Traditional smoking uses high
temperatures on direct heating and the fish come into
contact with smoke from incomplete wood burning
(pyrolysis). This smoking process can cause fish to
contain harmfull compounds, likes polycyclic aromatic
hydrocarbons (PAH4). Benzo(α)pyrene (BaP) is one
type of PAH4 (Hokkanen et al., 2018). Traditional
processed smoked fish (tilapia, nile, milkfish, little tuna,
marine catfish, mackerel, canine catfish and stingray)
showed a higher BaP (0.03 to 4.58 ppb) (Swastawati et al.
2015). Fumigation using liquid smoke is currently being
widely used in various types of fish, namely skipjack tuna,
tuna, catfish, snakehead fish, eels, catfish (Utomo et al.,
2012). The advantages of liquid smoking are shorter
smoking time, controllable temperature, longer product
durability, the appearance of smoked fish is more uniform
and environmentally friendly (Lokollo et al., 2012).
Tandipang fish (Dussumieria acuta) are small
pelagic fish that live in pelagic areas near the coast, in
groups, and likes calm, scattered waters wide in the Indo
Pacific region. This fish is a member of the Clupeidae
family caught in the waters of Kendari Bay (Asriyana et
al., 2010). Japuh fish is a tandipang fish that is processed
by smoking and drying traditionally (Karapang et al.,
2013). No one has yet conducted research on tandipang
fish treated with liquid smoking. The different methods of
smoking process can result in a different shelf life of the
product. Different smoking methods such as traditional
hot smoking and fumigation using liquid smoke result in
different shelf life (Bhuyan et al., 2018). Coconut shell
liquid smoke which is traded consists of three grades. All
of these grades contain the compound janis acetic acid,
aldehyde, and ketones. The higher the grade (grade 1), the
less the number of PAHs (Mulyawanti et al., 2019).
However grade 3 has high antimicrobial properties. This
antimicrobial ability is closely related to phenol
compounds (Kailaku et al., 2017). Fumigation using
liquid smoke produces smoked fish products with a smoky
flavor character and can increase shelf life (Alcicek,
2014).
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Liquid smoke is the result of direct or indirect
combustion vapor condensation of materials containing a
lot of carbon, likes organic acid and phenols and other
compounds (Lombok et al., 2014). Pyrolysis of wood
produces phenol, carbonyl, and organic acids which affect
the taste, color, and anti-microbial properties of liquid
smoke (Lingbeck et al., 2014). The shelf life of a food
product must be stated on the packaging label according
to PP RI Number 69 of 1999. Wiguna (2011) states that
the purpose of including expiration time is to provide
information to consumers about the time limit for food
consumption, so that the seller can regulate the food stock
to be sold and help manufacturers in control of product
quality. The method of estimating shelf life can be done
using the Extended Storage Study (ESS) and ASLT
(Accelerated Shelf Life Testing) methods (Harris and
Fadli, 2014). Herawati (2008) stated that the ASLT
method was chosen because the time needed for testing
was shorter with a good level of accuracy.
The ASLT (Accelerated Shelf Life Testing) method
is a method that is widely used in determining shelf life.
The Arrhenius Model ASLT method uses an acceleration
temperature which can cause accelerated product
deterioration (Hasany et al., 2017). Haryati et al., (2014)
state that the Arrhenius model describes the relationship
between temperature and the rate of deterioration. Several
parameters that can be used to determine product
deterioration are TBA, TPC, organoleptic, aw, and
peroxide number. During the storage period there will be
chemical reactions such as fat oxidation which can cause
decreased product resistance. Microbial growth during
storage can reduce the sensory value of product
acceptance (Putri et al., 2018). Physical changes that
occur during storage include hard or soft texture,
rancidity, and discoloration (Abraha et al., 2018). This
study aims to determine the shelf life of tandipang fish
processed using liquid smoking.

2. Material and Method
2.1 Material
The materials used in this study were tandipang fish
with 3% immersion for 45 minutes, nylon LDPE plastic,
liquid smoke. The tandipang fish (japuh) used comes
from the Karangantu fishing port, Serang Regency. Liquid
smoke obtained from CV. Wulung Prima. The chemicals
used NaCl, CH3COOH, chloroform. potasium iododa
(KI), starch indicator and sodium thiosulphate (Na2S2O3)
(Merck). The equipmments of this reseach used oven
incubator (Memmert), drying machine, allumunium parapara and equipments for chemical analysis used UV-Vis
spectrophotometer (Shimadzu) and glassware (Duran).
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2.2 Method
The test was carried out by storing smoked fish in
an incubator at different temperatures, namely 30 °C,
40 °C, and 50 °C with three replications for 5 weeks (35
days). Observations were made every 0, 1, 2, 3, 4 and 5
weeks for each storage temperature. At each temperature,
15 samples were prepared and kept in an incubator for five
weeks. The parameters tested for estimating shelf life are
using the test data aW (activity water), peroxide number,
and TPC (total plate count). Aw analyses according to
Belit (2009). Peroxide values were analyzed by method
AOCS Cd-8b-90 (AOCS, 1998). TPC testing uses work
procedures acoording to SNI 2725: 2013. Analysis of
determining the shelf life can be seen as follows
(Phimolsiripol et al., 2011).

The k value that has been obtained is then linked to
temperature using the Arrhenius equation (3),
The above equation can be an equation

Thus, plotting the curve between In k and 1 / T produces
a straight line that can extrapolate the shelf life of the
product at other temperature levels and the energy activity
of the slope multiplied by the gas constant (1.986 cal / mol
K or 8.314 J / mol.K)
Information :

Q0 = day 0 start score
Q = critical score
K = reaction speed constant
t = storage time
Ea = activation energy
T = absolute temperature

The second week sample at 50 °C showed a change
in the smell of liquid smoke which was very pungent,
while the samples at 30 and 40 °C had not shown any
changes. The third week of the sample at 30 °C showed a
change in texture, namely being slightly wet, the sample
at 40 °C had not shown any changes, and the sample at
50 °C the aroma was more pungent. The fourth week
sample at 30 °C shows a soft texture and a pungent odor,
the sample at 40 °C shows a dense texture, the fish smell
is strong, dry, and golden brown, and the 50 °C sample
shows a more pungent aroma of liquid smoke. and the fish
is getting dry. The fifth week of storing samples at 30 °C
shows a soft texture and pungent fish aroma, samples at
40 °C show strong fish scent, dense texture, and dry, and
samples at 50 °C show a dense, dry texture and smoky
aroma. liquid is very stinging.
The decline in the quality of food products can be
seen from changes in quality attributes, so it is necessary
to measure the shelf life (Putri et al., 2018). The research
on estimating the shelf life of liquid smoked tandipang
fish used three test parameters, namely a w (activity water),
peroxide number, and Total Plate Count (TPC). The
changes were observed for each parameter once a week
for five weeks. The value of aw (activity water) is the
amount of free water in food needed for microbial growth
(Danarsi and Noer, 2016). Therefore, aw is one of the
factors that affect the damage to food products (Nanlohy,
2014). The number of microbes in food is determined by
the value aw. The lower the aw value, the longer the product
has a shelf life. The analysis results showed an increase in
activity water during storage at 30 ° C. The test results at
week five showed that the aw value at 30 °C was 0.737.
The results showed that the aw values were in the range of
0.317 to 0.737 (Table. 1). The aw value is still below the
requirements for microbial growth. The a w value level of
bacteria cannot grow in smoked tandipang fish products.
The requirements for viable microbes are 0.9 (Winarno,
2007). Although at low aw it still allows bacteria to exist,
like B. cereus, being a spore-forming bacterium. It can be
osmotolerant at both reduced and elevated temperatures
(Ijabadeniyi and Pillay, 2017). Najih et al. (2014) stated
that the chemical composition of liquid smoke absorbed
by fish meat is influenced by the length of the smoking
process. The more liquid smoke composition is absorbed,
the less water content in the fish meat will cause the
unavailability of free water needed for the reproduction of
microorganisms.
Table 1. awvalue changes during storage at different
temperatures

3. Results and Discussions
3.1. Determination of chemical parameter
Basic observations were carried out descriptively
about the physical changes in the liquid smoke tandipang
fish during storage. The first week of smoked fish samples
at each temperature treatment had not experienced any
physical changes.
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Peroxides are an indicator of rancidity, which is a
common quality problem in food products. The peroxide
number test is usually carried out in conjunction with
other tests to determine the degree of degradation of food
over the shelf life (Schlossman et al., 2015). Peroxides
are formed due to the heating process, causing damage to
the grease or oil. Ketaren (2012) states that foodstuffs will
be rejected by consumers if they have a peroxide value of
10-20 meq / Kg. The peroxide value of smoked tandipang
fish during storage was still below this threshold, namely
2.27-7.13 (Table 2). The high peroxide number is
indicated by the appearance of a rancid odor in the food.
The formation of a rancid odor is due to the presence of
aldehyde and ketone fatty acids not by peroxides, so an
increase in the peroxide number is an indicator that the fat
in food will smell rancid (Sanger, 2010). Fatty food
products are prone to rancidity during the storage process
(Maharani et al., 2012).
Table 2. Change in the value of the peroxide value
(meq/Kg) during storage at different temperatures

Microbes are one of the causes of damage to food
products which are very dangerous for consumers.
Bacteria are a type of microbe that contaminate fishery
products. The TPC test results for smoked tandipang fish
have met the quality standards based on SNI 2725: 2013
(Table 3). The standard for TPC is ≤5.0 x 104 colonies /
gram. The number of bacteria at storage temperature of
30 °C tends to be higher than at 40 °C and 50 °C. This is
because bacteria can grow well at temperatures of 30-37 °
C (Hadinoto et al, 2016). Several microbials that can grow
on smoked fish include Enterobacteriaceae, Escherichia
coli, Bacillus cereus, Clostridium perfringens, yeasts, and
molds. Salmonella spp., Listeria monocytogenes, and
Staphylococcus aureus were not found in smoked fish
(Anihouvi et al, 2019).

Liquid smoke from coconut shell contains
components such as phenol, carbonyl, organic acids, low
degree pH 2, which has antioxidant and anti-microbial
properties (Salokoa et al, 2014). However, the number of
bacteria in the tandipang fish is still within safe limits. The
number of bacteria during storage does not exceed the
limit due to the use of liquid smoke. The bioactive
compounds in liquid smoke can suppress microbial
growth.

3.2 Estimated Shelf Life
The shelf life of a food can be defined as the time
period within which the food is safe to consume or has an
acceptable quality to consumers (Bin et al., 2013).
Estimating shelf life can be done using the Extended
Storage Study (ESS) and ASLT (Accelerated Shelf Life
Testing) methods. The ESS used to used to estimate the
shelf life of products stored at room temperature. Sutanaya
et al., (2018) uses ESS to determine the shelf life of fish
fillets soaked in 6% liquid smoke for 30 minutes and then
drained 15 minutes without heating, resulting in a shelf
life of tuna fish fillets for 54 hours. Hasany et al., (2017)
stated that the estimation of shelf life of the Arrhenius
model ASLT method uses acceleration temperatures in
order to accelerate reactions that cause product damage.
Phimolsiripol and Suppakul (2016) stated the Arrhenius
model is a classical model that relates the rate of a
chemical reaction to the changes in temperature. The
storage of food products with the Arrhenius model is
carried out at a minimum of three extreme storage
temperatures. Reactions that affect the reduction of
product shelf life based on a typical physicochemical,
chemical or microbial index include: zero order (quality
of frozen food, Maillard browning) and first order (loss of
vitamins, loss of oxidative color, microbial growth)
(Phimolsiripol and Suppakul, 2016).
The results of observations on each parameter of the
rate of temperature reduction were calculated using the
Arrhenius plot with the ln k relationship graph as the yaxis and temperature as the x-axis (Putri et al, 2018).
Determination of the shelf life of liquid smoked tandipang
fish was carried out by storage at three different
temperatures, namely 30 °C, 40 °C, and 50 °C. To
determine the final quality of liquid smoked tandipang
fish, storage is carried out for 5 weeks and observation
once a week.

Table. 3 Changes in TPC value (colony / g) during storage at different
temperatures
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Table. 4 Equation of Linear Regression for Each Quality Parameter

Figure. 1 Tandipang Fish Smoke

Figure. 2 Kinetics equation of the order reaction of 1 aw

Figure. 3 Kinetics equation of the order reaction of 1 TPC
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Figure. 4 Kinetics equation of the order reaction of 0 peroxyde value

Figure. 5 The relationship between ln k and storage temperature (1 / T)
of the order 1 aw
Estimation of shelf life is calculated using a linear
regression equation of three parameters, namely aw,
peroxide number, and TPC. The determination of the order
for each parameter is that if the first order correlation
coefficient (R2 order one) is greater than the zero order
coefficient (R2 order zero) then the rate of decline follows
the order one reaction and vice versa (Swadana et al,
2014). The linear regression equations for order 0 and
order 1 for each quality parameter are presented in Table
4. The correlation coefficient used on parameter a w is order
1 (Figure. 2). The correlation coefficient used on
parameter TPC is order 1 (Figure. 3). The correlation
coefficient used on parameter peroxyde value is order 0
(Figure. 4).
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The three parameters are selected by one parameter
to calculate the shelf life of liquid smoked tandipang fish
which is considered to greatly affect the quality
degradation during storage. The relationship line equation
between ln k and 1 / T is used to determine the value of
activation energy (Ea) in the Arrhenius model (Figure. 5).
Activation energy in liquid smoked tandipang fish uses a
slope of the order 1 chart at a w values. Activation energy
describes the magnitude of the effect of temperature on the
reaction. The straight graph slope of the relationship
between ln k and (1 / T) produces activation energy or it
can be formulated by Ea = R x slope (Haryati et al., 2014).
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Parameters for determining shelf life use a w value.
The peroxide and TPC numbers have R2 values below 0.5
so it cannot be continued to determine shelf life. Pulungan
et al., (2019) stated Determination of shelf life based on
the parameters that experienced the fastest decline
indicated by the value of the highest correlation coefficient
(R2).

Authors’ Contributions
Diyah Ayu Rakhmayeni do the research and write
the article. Tatty Yuniarti was finished the manuscript
and corresponded author also with Sukarno provide
guidance and direction on article creation.

Conflict of Interest
The authors declare that they have no conflict of
interests.

Ea = 10461 x 8.314 =86972.75 J/mol.K
Based on the calculation results, the a w activation
energy value is 86972.75 J / mol.K. If the liquid smoked
fish is stored at room temperature, namely 27 °C with a
basic quality value of a sample (Q0) of 0.67 and a final
quality limit (Qt) of 0.90, then it can be assumed that the
shelf life is as follows the line equation in Figure 1 which
the best order 1 the aw parameter (Tabel. 4). If the
temperature (T) is 27 oC or 300 K, so In k is -4.614, and k
value is 0.00992. Shelf life of liquid smoked fish stored at
27 oC; according to equation (2) t = (ln 0.9-ln 0.67)
/0.00992; obtained the value of t = 23.2 (in units of weeks
or 5.8 months of storage). In contrast to the results of
research by Ismail et al., (2018) on the shelf life of roa
fish. Determination of shelf life of roa fish refers to the
lowest activation energy value, namely the water content
of -3417.91 cal / mol. So that the shelf life of the roa fish
is obtained, which is 7 months and 4 days.
The shelf life of a product varies depending on fish
species (Nahid et al., 2017). the type of smoking
direct/indirect combustion (Özpolat and Patir 2015),
different salt concentration (Chatzikyriakidou and
Katsanidisthe, 2012), duration of smoking, the level of
concentration of liquid smoke added (Morey et al. 2012)
and the drying process of the smoking fish method (Koral
et al, 2010).

4. Conclusion
Based on the research results, it can be concluded
that liquid smoke can extend shelf life. The parameters
used in estimating the shelf life of liquid smoked
tandipang fish are aw, TPC, and peroxide number. The a w
parameter is used to determine the shelf life because it has
a high R2 value with an activation energy of 86972.75 J /
mol.K. Estimation of shelf life of liquid smoked fish at
room temperature using aw parameter is 23.2 weeks or 5.8
months.
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