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Abstract:

This research aims to study the effect of soaking smoked catfish in tamarind solution at various concentrations on its
heavy metal content. A completely randomized design with one treatment used in the study, and concentrations of
tamarind solution with four treatment levels were applied namely: 0% (A0 or control), 5% (A1), 10% (A2) and 15%
(A3), each treatment with three repetitions. The lead (Pb) analysis showed that the control smoked catfish (AQ)
contained 0.307ug/g of Pb, exceeding the safe limit set by the Indonesian National Standardization Agency (BSN).
Soaking in tamarind solution significantly reduced the Pb content in A1, A2, and A3 [by 89.57% (0.032ug/g), 97.39%
(0.008pg/g) and 91.85% (0.025ug/g), respectively]. The hedonic test showed that the aroma and taste were
significantly different. In addition, Post hoc test results revealed that the aroma of A1, A2 and A3 was significantly
different from the control (A0); the taste of A1, A2 and A3 was significantly different from the control (A0); Al was
significantly different from A3. Based on the results, it could be concluded that the best treatment was A2 (10%).
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1. INTRODUCTION

Catfish (Pangasius sp) is one of the fish that is quite
popular with the public, it is a fish that is quite easy
to get and the price of the fish is quite cheap. Fresh
catfish is prone to spoilage so treatment is needed to
prevent catfish spoilage, including processing the fish
using the smoking method (Ningsih et al., 2021).

Smoking is one type of fish processing that could
maintain shelf life because the processing process
reduces the water content so that it could inhibit the
growth of microorganisms in the fish. Smoking
provides a distinctive aroma, taste, texture and color
due to the chemical reactions that occur when burning
wood.

Previous research revealed that smoked fish that is
traditionally processed and sold can be easily
contaminated with environmental conditions,
including lead metal (Fuadi et al., 2016). Because this
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could be caused by smoking and sales facilities where
the location is directly adjacent to a highway with
quite a lot of motorized traffic.

Lead (Pb) is one of the toxic metals because it could
disrupt health, including the kidneys and nervous
system, which could ultimately cause convulsions,
coma and even death. Even though contamination has
little impact on food, over time it will accumulate in
the body (Putra et al., 2023). The National
Standardization Agency by SNI 7387:2009
determines the maximum limit for Pb in fish and its
products at 0.300 mg/kg (BSN, 2009).

Previous research study showed that the citric acid
found in tamarind is the best type of acid in reducing
lead metal levels in anchovies (Sipa et al., 2016).
Citric acid has three COOH carboxyl groups that
could release protons in solution. The ion produced is
citrate ion. This ion could react with metal ions to
form citrate salt. This citrate is intended as a chelator
(Kartikasari et al., 2021).

This research aims to study the effect of tamarind
solution at different concentrations on the Pb content
in smoked catfish sold in I Epil Village, Lais District,
Musi Banyuasin Regency, South Sumatra Province,
Indonesia.

To the best of our knowledge, this is the first work
that deals with the application of tamarind solution to
reduce the Pb heavy metal content in the smoked
catfish. The present work intended to examine the
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effect of tamarind solution at different concentrations
on the lead (Pb) content and level of panelists
acceptance using hedonic test.

2. MATERIAL AND METHOD

This research was carried out from May to June, 2024
in four places as follows: Proximate analysis of
smoked catfish in the Laboratory of Chemistry and
Microbiology of Agricultural Products, Department
of Agricultural Technology, Faculty of Agriculture,
Sriwijaya University, analysis of citric acid in
tamarind in the Chemistry laboratory, Faculty of
Science and Technology, UIN Raden Fatah
Palembang, analysis of lead metal content in smoked
catfish at the Palembang Public Health Laboratory
Center and preparation and carrying out hedonic tests
(color, aroma, texture and taste) of smoked catfish at

the Fisheries Product Technology Workshop
Laboratory, Faculty of Fisheries and Marine,
University of PGRI Palembang.

The main materials used in this research were smoked
catfish (Pangasius sp) (+350 g weight,) which were
purchased from a traditional smoked catfish
processor (I Epil Village, Lais District, Musi
Banyuasin Regency, South Sumatra Province,
Indonesia) being sold on the side of the highway after
+7 days, and tamarind (Jeruk brand) was purchased
from a local traditional market (Palembang, South
Sumatra Province, Indonesia). The chemicals used
were nitric acid (68.0 - 70.0%,), selenium (99.0 -
100.5%, SeO2 in HN), boric acid (99.5 - 100.5%)
which purchased from Merck (Darmstadt, Germany).
All chemicals and reagents used this research were
high purity and analytical grade.
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Figure 2. Tamarind (Jeruk brand)

The main equipments used were Inductively Coupled
Plasma (ICP) (Thermo Scientific, iCAP 7000 series
ICP- OES, Cambridge, UK), microwave digestion
system (digestion of 12 samples, NovaWAVE SA)),
and analytical balance (0.0001g, Fujitsu).

2.1 Preparation of Tamarind Solution (Tamarindus
indica)

Preparation of tamarind solution using the modified

method of Juliadi et al. (2018) as follows:

1. The 5% tamarind solution. The tamarind flesh was
weighed (5 g), ground it using a blender, and then
added mineral water to make 100 mL.

2. The 10% tamarind solution. The tamarind flesh
was weighed (10 g), ground it using a blender, and
then added mineral water to make 100 mL.

3. The 15% tamarind solution. The tamarind flesh
was weighed (15 g), ground it using a blender, and
then added mineral water to make 100 mL

2.2 Preparation of Samples

Sample preparation using the modified method of
Rachman et al. (2022) as follows.

AO: Control
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Al: Smoked catfish was soaked in 5% tamarind
solution for 1 hour

A2: Smoked catfish was soaked in 10% tamarind
solution for 1 hour

A3: Smoked catfish was soaked in 15% tamarind
solution for 1 hour

2.3 Proximate Analysis

The tests were carried out for analysis of water

content, ash content, fat content, protein content and
carbohydrate content (by difference) according to the
SNI 01-2891-1992 method (BSN, 1992).

2.4 Citric Acid Analysis

Analysis of citric acid in tamarind was carried out
using the titration method according to the SNI 06-
2422-1991 method (BSN, 1991).

2.5 Lead Metal (Pb) Analysis

Analysis of lead metal was done using Inductively
Coupled Plasma (ICP) according to the AOAC
method (Briscoe, 2015).

2.6 Hedonic Test

A test to determine the preference of panelists for the
color, aroma, texture and taste of smoked fish
samples according to the SNI 01 2346-2006 method
(BSN, 2006). The hedonic test was involved 20
moderately trained panelists, using 5-point hedonic
scale which is represented by 5 scores, namely: 5 =
Like Very Much, 4 = Like, 3 = Neutral (Neither Like
nor Dislike), 2 = Dislike, 1 = Dislike Very Much.

Preparation of samples was carried out by cutting the
smoked catfish into cubes, weighing (£ 3-5 g) and
then soaking in tamarind solution for 1 hour
according to the treatment. Samples for the taste were
steamed before being served to the panelists.

2.7 Data Analysis

The study was used a completely randomized design
with one treatment, namely the concentration of
tamarind solution, with four treatment levels, namely
0% (A0 or control), 5% (A1), 10% (A2) and 15%
(A3), each with three repetitions.

The obtained data were expressed as mean. A one-
way analysis of variance (ANOVA) was performed to
establish the statistical differences. Significant
differences between means were identified using
Duncan's multiple range test (p < 0.05). Statistical
analyses were performed using IBM SPSS Statistics
20.0 (IBM SPSS software, USA).

3. RESULT AND DISCUSSION
3.1 Proximate Analysis

The proximate analysis of smoked catfish showed
that water, ash, fat, and protein contents were 8.75%,
3.32%, 39.82%, and 46.12%, respectively, in addition
to carbohydrate content (by difference) was 1.99%.

Water content is the amount of water contained in
food which affects the shelf life of food. Processing
food by smoking could reduce the water content
thereby increasing its shelf life. The water content of
fresh catfish had 64.42% (Ayu et al., 2020), whereas
the water content result of smoked catfish in this
study was low (8.75%).

Ash is an organic material that is made by burning at
high temperatures, namely 500°C and above for 2-8
hours (Tahar et al., 2017). Ash content is also used as
an indicator of quality in food. The previous study by
Ayu et al., (2020), indicated that the ash content in
fresh catfish meat had 0.83%, and based on this
research, the ash content value in smoked catfish was
high (3.32%). An increase of ash content is due to the
decreasing water content during the smoking process
(Fitriana et al., 2017).

According to Ayu et al. (2020), the fat content in fresh
catfish meat had 5.77%, while for the result of
smoked catfish in this study was high (39.82%). The
smoking process reduces the water content in the fish
as a result of fat content increases at the same weight.

The protein content in fresh catfish had 16.01% (Ayu
et al., 2020) and the protein content in smoked catfish
was higher (46.12%) than in the above mentioned
study. High and low protein values could be
influenced by the amount of water content that
evaporates from the raw material. The greater the
water content lost, the greater the protein value that
could be measured (Pratama et al., 2014).

3.2 Citric Acid Analysis

Citric acid content of tamarind was 0.546%. The
research results of Sipa et al. (2016) showed that the
citric acid found in tamarind is the best type of acid
in reducing lead metal levels in anchovies.
Kartikasari et al. (2021) concluded that the active
substances tannin and citric acid in tamarind solution
could chelate Pb(ll) ions to form soluble complex
compounds, so that the levels of Pb(ll) ions in
packaged milk are reduced.

3.3 Lead Metal (Pb) Analysis

The previous research by Fuadi et al. (2016) showed
that there was lead content in smoked fish purchased
in | Epil Village, Lais District, Musi Banyuasin
Regency, South Sumatra Province, Indonesia. This
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could be caused by processing and marketing
conditions which are still carried out in an open state
close to the main road and there is no protection so
that they are easily exposed to motor vehicle fumes.

Motor vehicle pollution in the form of gas could result
from incomplete combustion of gasoline additives in
vehicles, which produce various lead metal
components that are harmful to health, besides air
pollution from factories (Fachruli & Meikawati,
2013).

The results of lead analysis in this study showed that
the Pb content in smoked catfish with an average
value of 0.307 mg/kg exceeds the limit set by SNI
7387:2009 regarding maximum limit for lead
contamination in fish and its processed products,
namely 0.300 mg/kg (BSN, 2009). Food
contaminated with lead, if consumed, can affect in the
body health (Umar et al., 2021). Therefore, treatment
is needed to reduce lead levels in smoked fish.
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Figure 3. Effect of treatment by different levels of concentration of tamarind solution on the Pb content of
the smoked catfish. Different letters (a - b) represent significant differences found by Duncan’s multiple
range test (p < 0.05, and n = 3)

Table 1. Percentage Reduction of Pb to Control (AQ)

Treatment Mean (%0) Pb Reduction (%)
Al (5%) 0.033 89.36

A2 (10%) 0.008 97.29

A3 (15%) 0.025 91.86

Figure 3 shows the lead content of smoked catfish
without treatment/control (A0) with a value of
0.307%, after treatment the lead content in the Al
(5%), A2 (10%) and A3 (15%) with values of
0.033%, 0.008% and 0.025%, respectively.

The ANOVA test showed that the tamarind soaking
treatment had a significant effect on the lead content
of smoked catfish. Furthermore, Duncan’s multiple
range test showed that the lead level of AO
significantly different from the levels of A1, A2 and
A3.

As shown in Table 1, the largest reduction in lead
content was in treatment A2 (10% tamarind), which

Note: Mean of Control (A0) = 0.307%, andn=3

IS 97.29%. This is because tamarind contains a natural
acid in the form of citric acid which functions as a
metal chelator because the ions produced in the form
of citrate ions will react with metal ions which will
form citrate salts (Hardani et al., 2022).

3.4 Hedonic Test

Hedonic test or liking test is a test carried out by
several panelists regarding the liking of a product
which could be called a sensory test which is carried
out sensorial and is transformed into numbers to see
the level of liking (Su et al., 2021).
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3.4.1 Color

Color is one of the first types of sensory input that
panelists must see. Color could determine the
condition of food ingredients, which are not very
different from the color they should be (Negara et al.,
2016). Among the smoked catfish, control sample

(A0) recorded the highest color average value (3.70),
whereas the A2 and A3 obtained the lowest color
average value (3.10 and 3.20, respectively). It can be
seen from the Figure 4 that the level of panelists'
preference for color after treatment at a concentration
of 5% and a low level at 10% treatment.

Hedonic Test: Color
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Figure 4. Effect of treatment by different levels of concentration of tamarind solution on the hedonic test
color of the smoked catfish. Duncan’s multiple range test (p < 0.05, and n = 20) showed no significant
differences between samples.

The color of smoked catfish is produced from
smoking which is carried out traditionally in an open
smoking condition, the resulting color is brownish
which is produced from wood compounds in the
smoking process, uncontrolled smoking often occurs
so that some of it burns (Muchtar & Hastian, 2023).
It can be seen from the test results that the color
hedonic test by soaking in tamarind solution for 1
hour does not significantly affect the typical color of
smoked catfish. Duncan’s multiple range test (p <
0.05, and n = 20) showed no significant differences
between samples.

3.4.2 Aroma

Aroma is a sensory test carried out using the sense of
smell or smell. The aroma itself aims to influence raw
materials to like or dislike consumers who provide
assessments (Wintah et al., 2018). Regarding the
aroma, control sample (A0) recorded the highest
aroma mean value (4.25), while the A1, A2 and A3
obtained the lowest aroma mean value (3.20, 3.20 and
3.15, respectively). From Figure 5, it can be noticed
that the level of panelists' preference for the aroma
after treatment at a concentration of 5% and a low
level at 15% treatment.
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Hedonic Test: Aroma
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Figure 5. Effect of treatment by different levels of concentration of tamarind solution on the hedonic test
aroma of the smoked catfish. Different letters (a - b) represent significant differences found by Duncan’s
multiple range test (p < 0.05, and n = 20)

Furthermore, based on ANOVA analysis, there was a
significant influence on the aroma hedonic test in
smoked catfish with different concentrations of
tamarind. Duncan's multiple range test showed
significant differences between control and the A1,
A2, and A3 treatments.

3.4.3 Texture

Texture is an assessment that is conducted by feeling
both with the senses of the mouth and seeing the
texture itself which has several physical properties
including shape, size, hardness, dryness, roughness,

smoothness and so on (Putri & Mardesci, 2018).
Among the smoked catfish samples, control (AQ) and
Al exhibited high texture average values (3.30 and
3.30, respectively), whereas, the A2 and A3 recorded
low texture average values (2.90 and 2.95,
respectively). From the values, it can be seen that the
level of panelists' preference for the texture after
treatment at a concentration of 5% and the lowest was
at 10% treatment.

Furthermore, based on ANOVA analysis, there was
significant influence on the hedonic texture test on
smoked catfish with and without treatments.

Hedonic Test: Texture
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Figure 6. Effect of treatment by different levels of concentration of tamarind solution on the hedonic test
texture of the smoked catfish. Duncan’s multiple range test (p < 0.05, and n = 20) showed no significant
differences between samples
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3.4.4 Taste

Taste is one of the assessments that could influence
the level of panelists' liking for food. The tongue will
respond to a given product. There are various kinds
of tastes that are given, including sweet, salty, sour,
bitter so that consumers could feel their likes and
dislikes for a product (Syifadhiya & Farapti, 2023).

As in the result, the control sample (AO) had the
highest taste value (3.85), whereas A3 sample
exhibited the lowest taste value (2.35). The mean
values of taste decreased with an increasing of
tamarind solution concentrations. It can be noticed
that the level of panelists' preference for the taste after
treatment at a concentration of 5% and a low level at
15% treatment.
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Figure 7. Effect of treatment by different levels of concentration of tamarind solution on the hedonic test
aroma of the smoked catfish. Different letters (a - C) represent significant differences found by Duncan’s
multiple range test (p < 0.05, and n = 20)

Furthermore, based on ANOVA analysis, there is a
significant effect on the hedonic taste test of smoked
catfish with differences in concentration. Duncan’s
multiple range test showed that there are significant
differences among all the smoked catfish samples
(Figure 7). The taste produced by smoked fish comes
from phenolic compounds from the wood used as a
source in smoking, so that the resulting taste has a
distinctive taste (Fransiska et al., 2021). From the
results of the test that have been carried out, the
soaking treatment in tamarind solution affects the
taste of smoked fish so it has a sour tamarind taste.

4. CONCLUSION

Based on the results of this research, it can be
concluded that tamarind (Tamarindus indica) has a
citric acid content of 0.546%, which functions as a
chelating agent for lead metal (Pb). The proximate
analysis of smoked catfish showed low in water
content and high in ash, fat and protein contents
compared to a previous study of fresh catfish. In
addition, treatment of smoked catfish with tamarind
solution at different concentrations reduced lead
levels in the treated samples (the best treated sample
was A2). Moreover, the results of the hedonic test
(color, aroma, texture and taste) revealed that no

significant differences between A2 and control (A0)
on color and texture. Further research is needed to
increase preference of panelists for the aroma and
taste of smoked catfish treated with tamarind
solution.
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