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Abstract

Fish play an essential role in human nutrition and ensure about 20% of protein intake for one-third
of the world's population, especially in developing countries. Fish is consumed because of its
nutritional benefits, such as protein, essential amino acids, fats, and micronutrients (vitamins and
minerals). Micronutrients can prevent disease disorders due to micronutrient deficiencies. But
behind its nutritional advantages, fish are very easy to spoil. Fish preservation and processing
methods explore ways to stop or slow down spoilage. One method of preserving and processing fish
that can be applied is smoking. This study aimed to evaluate the moisture content, total fat, heavy
metals, vitamin A, and microbiology of fresh and smoked barracuda fish with different smoking
methods, namely traditional smoking, and liquid smoke. Fresh barracuda fish is smoked using the
traditional smoking method and liquid smoke. Fresh and smoked barracuda fish were then
analyzed, including water content, total fat content, heavy metals (Cd, Hg, Sn, As), histamine,
micronutrients (vitamins A and D), and microbial contamination. The levels of heavy metals,
histamine, and microbial contamination have met the quality standard of smoked fish (SNI 2725:
2013). Vitamin A in fresh barracuda and smoked barracuda was < 15.85 mcg/100 g, while vitamin
D was not detected in either fresh barracuda or smoked barracuda.
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INTRODUCTION

Fish play an important role in human nutrition and ensure about 20% of protein intake for
one-third of the world's population, especially in developing countries (Bene et al.,, 2007). Fish is
consumed in various parts of the world because of its nutritional benefits, such as protein,
essential amino acids, vitamins, minerals, and fats (Geoffroy et al., 2018). Fish protein has a
nutritional value which is very important for pregnant women for proper fetal development and
will promote proper mental development and immunity to disease among growing children
(NAFDAC, 2003). Micronutrients such as vitamins and minerals can also prevent disease disorders
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due to micronutrient deficiencies (Mohanty et al., 2016). But despite its nutritional advantages,
fish are very susceptible to spoilage at high environmental temperatures in the tropics within
12-20 hours (Clucas, 1981). Fish preservation and processing methods explore ways to stop or
slow down spoilage (Olokor et al., 2007). One method of preserving and processing fish that can
be applied is smoking.

Smoking is a traditional fish preservation method that aims to extend the shelf life, improve the
taste of the final product, give color and taste to the product, and has a bacteriostatic and
antioxidant role (Kristinsson et al., 2008). Smoked fish quality is influenced by raw materials,
salting method, salt concentration, smoke composition, and smoking method (Adeyeye, 2016;
Alcicek & Atar, 2010; Stolyhwo & Sikorski, 2005). The proximate and fat composition of smoked
fish is highly dependent on its content and composition in the fresh fish used for smoking. Other
factors that can affect the fat composition of smoked fish are the preparation of smoking raw
materials when smoking and storage of smoked fish (Goulas & Kontominas, 2005). Food
processing methods have been found to affect the composition of foods as well as to lose nutrients
in processed foods. The nature of the diet and the effect of the processing method on the fish to be
processed should be considered.

Therefore, this study aimed to evaluate the moisture content, total fat, heavy metals, vitamin A,
and microbiology of fresh and smoked barracuda fish with different smoking methods, namely
traditional smoking, and liquid smoke.

LITERATURE REVIEW

Fresh barracuda fish weighing as much as +10 kg were procured from the Fish Auction Hall in
Demak, Central Java, Indonesia, as the raw material. Barracuda fish samples were taken to
Diponegoro University, Semarang, Indonesia, for smoking by two different methods.

Smoking Process

Fresh barracuda fish were cleaned and washed using clean water. Then, the fish were gutted. All of
the fish that were gutted were then washed and drained. The traditional smoking method used a
smoking furnace for approximately +15 minutes. The liquid smoke method was carried out by
immersing the fish in a 5% liquid smoke solution for 30 minutes, draining it for 30 minutes, then
heating it gradually, at a temperature of 40-45°C for 1 hour; 60-70°C for 1 hour; and 90°C for 1
hour (Swastawati et al., 2017).

Moisture and Total Fat Content
The proximate analysis consisting of moisture was carried out according to the AOAC 925.09 2005
method, and total fat content was carried out to the AOAC 960.39 2005. (AOAC, 2005).
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Heavy Metals

Analysis of heavy metals (Cd, Hg, Sn, As) was performed following the methods reported by
National Standardization Agency for Indonesia number 2354.5:2011, the testing method using an
atomic absorption spectrophotometer (National Standardization Agency for Indonesia, 2011).

Histamine Levels

Histamine analysis was carried out according to the histamine testing from Shimadzu (2013) and
Hitachi Technical Data. The analysis begins with the preparation of a standard histamine series of
at least six concentration points in the linearity range of 0.1-500 mg/L into a 50 ml volumetric
flask. The sample weighed 5 g of the test portion and added 10 ml of TCA 5%, then vortexed. The
test sample solution was quantitatively transferred into a 25 ml volumetric flask and sonicated.
TCA 5% was added up to the mark and homogenized. The test sample solution was transferred
into a 2 ml tube and then centrifuged. Supernatant 1 ml was added with 0.4 ml of 1 N NaOH and
calibrated with distilled water, then homogenized. The test sample solution was filtered with a
0.45 pm syringe filter into a 2 ml tube. The series solution and the test sample 200 pL were put
into each 2 ml vial, then added 900 pL. MPA, 440 pL OPA, and 50 uL AABA, then vortexed. The
solution was injected into the HPLC system. Histamine levels are calculated by the following

formula:
] ) ARastospl2®) 5 ppxy
Histamine levels (mg/kg) = Wl
a = Intercept of the standard calibration curve
b = Slope of the standard calibration curve
FP = Dilution factor
\Y = Final volume of test solution (ml)
W, = Weight of the test portion weighing (g)

Vitamine A and D Levels

Analysis of vitamins A and D was carried out according to the AOAC 2001.13.2011 method
procedure (AOAC, 2011). The procedure begins by making a standard series of vitamins A and D,
at least six points of concentration in a 10 ml volumetric flask. The solid sample was weighed in a
100 ml glass beaker, then a solution of ethanol 95%, KOH 50%, and pyrrolic acid was added and
stirred until homogeneous. The solution mixture was heated in a water bath at 80°C for 45
minutes. Then the solution was cooled to room temperature. The solution was put into a 100 ml
volumetric flask and added with glacial acetic acid, and diluted with THF: ethanol (1:1) solution to
the mark, then homogenized. The solution was filtered using a 0.45 m GHP/PTFE filter syringe
into a 2 ml amber vial, then 20 pL was injected into the HPLC system, with a maximum wavelength
of 325 nm for vitamin A and 264 nm for vitamin D. Vitamin levels were calculated using a
standard calibration curve, with the equation of the line: Y = bx + a, with the following formula:

(Luas arle;a spl—a) xV x FP x 100

W splatauV spl

Vitamin Levels (ug/100 g or pg/100 ml) =

70

ISSN 2828-1500 (Online) | 2828-1985(Print)



Proceeding on The International Halal Science and Technology Conference (IHSATEC) 2021
Vol.1 (1), 68-78

The Chemical Composition, Microbiology and Micronutrients Changes of Fresh Barracuda Fish and
Smoked Barracuda Fish using Different Smoking Methods
Fronthea Swastawati, Putut Har Riyadi, Retno Ayu Kurniasih, Aninditya Artina Setiaputri, Defita Faridlotus

Sholihah
a = Intercept of the standard calibration curve
b = Slope of the standard calibration curve
FP = Dilution factor
\Y = Final volume of test solution (ml)
W = Weight of the test portion weighing (g)

Vo = Sample pipetting volume (ml)

Microbiological Contamination

Microbiological analysis of fresh barracuda and smoked barracuda included determination of total
plate count (TPC), Escherichia coli, and Salmonella sp. TPC determination was carried out on fresh
and smoked barracuda fish samples using the Petri dish count method based on Indonesian
National Standard number 01-2323.3-2015. Analysis of Escherichia coli using the most probable
number (MPN) method was based on 01-2332.1-2015. Determination of Salmonella sp. was based

on the method of Indonesian National Standard number 01-2332.2-2006.

RESULTS AND DISCUSSIONS

Moisture and Total Fat Content

The moisture and total fat content of fresh barracuda and smoked barracuda using different
smoking methods are shown in Table 1.

Table 1 Moisture and total fat content of fresh barracuda and smoked barracuda

Treatments
Fresh barracuda fish  Traditional smoking Liquid smoke
methods methods
Moisture content (%) 74.35+0.275°¢ 72.02+0.424° 67.75+£0.262°
Total Fat (%) 0.32+0.000° 0.73+£0.007¢ 0.64+0.014°

Data are the average of two replication * standard deviation
Data followed by different letters show significant differences (<0.05)

Different smoking methods were able to reduce the water content of fresh barracuda fish, from
74.35 to 72.02% in the traditional method and 67.75% in the liquid smoke method. The decrease
in water content can reduce microbial activity and extend the shelf life of the product (Cardinal,
2001). Smoked barracuda fish in both smoking methods has a water content that still exceeds the
Indonesian national standard for smoked fish, which is a maximum of 60% (BSN, 2013). Both
smoked fish smoked using traditional smoking methods, and liquid smoke provided higher levels
of fat compared to raw materials, which were 0.73 and 0.64%, respectively (Table 1). The increase
in fat is caused by the water content lost during the smoking process. Smoking, heating, and high
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salt concentrations can cause chemical and physical changes that increase protein digestibility.
This change also reduces thermolabile compounds and polyunsaturated fatty acids (Arason et al.,
2014). The increase in total fat content in smoked barracuda correlated with a decrease in water
content. An inverse correlation between fat and water content for many fish species has been
widely reported (Ljubojevic et al., 2016).

Heavy Metals

The heavy metals analyzed in this study are Hg, Cd, As, and Sn. The heavy metal content of fresh
and smoked barracuda fish is showed in Table 2.

Table 2 The heavy metals content of fresh and smoked barracuda fish

Treatments
Logam berat
Fresh barracuda fish ~ Traditional smoking Liquid smoke
(mg/kg)
method method

Hg 0.90 + 0.000° 0.18 £ 0.007* 0.16 £ 0.021°
Cd ND ND ND
As 6.21 + 0.346° 7.46 £ 0.721° 6.795 + 0.417?
Sn ND ND ND

ND = Not detected
Data are the average of two replication + standard deviation
Data followed by different letters show significant differences (<0.05)

Heavy metal levels of Hg in fresh barracuda fish were 0.90 mg/kg, while in traditional smoked and
liquid smoked fish were 0.18 mg/kg and 0.16 mg/kg, respectively. The highest concentration of
heavy metal As was detected in smoked fish using the traditional smoking method, which was
7.46 mg/kg, and the lowest was 6.21 mg/kg in fresh fish. There was a slight variation in As levels
in both fresh and smoked fish, and it was not statistically significant (p > 0.05), while heavy metals
Cd and Sn were not detected in the three samples. The levels of Hg, Cd and Sn metals are below
the maximum limit of the Indonesian national standard, which is a maximum of 0.5 mg/kg while
(National Standardization Agency for Indonesia, 2013). Cadmium (Cd) is known as an endocrine
disruptor and can cause the development of prostate cancer and breast cancer in humans (Saha &
Zaman, 2012).

Histamine Levels
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Histamine analysis results showed that histamine was not detected in fresh or smoked barracuda
fish samples (traditional smoking and liquid smoke). This can be caused by histamine levels that
are too small because the fresh barracuda fish used as raw material is still in fresh condition.
Fresh fish does not contain free histamine but contains the amino acid L-histidine. Histamine is
formed in fish by certain bacteria capable of producing the enzyme histidine decarboxylase, which
can convert free histidine into histamine (FAO/WHO, 2013). Histamine was not detected in
barracuda fish samples smoked using liquid smoke due to the presence of phenolic compounds
that act as antibacterials (Dien et al.,, 2019).

Various countries have set legal limits for the consumption of foods containing histamine. The
maximum limit exceeds 50 mg/kg (FDA, 1998), the maximum limit exceeds 100 mg/kg (European
Commission, 2003; South African Bureau of Standards, 2001), and the maximum limit for
histamine consumption exceeds 200 mg/kg (Australian Food Standards Code, 2001).

Vitamin A and D

Vitamin A in fresh barracuda fish was < 15.85 mcg/100 g, while in smoked barracuda fish smoked
using traditional methods and liquid smoke, no vitamin A was detected (Table 3). This is caused
by the heating in the smoking process, so that it can cause the loss of important nutrients.
Smoking fish contributes to the physical loss of lipids and micronutrients due to the dripping of fat
and more water from the fish (Roos et al., 2003). Vitamin A in G. barracuda fish smoked using a
smoking drum, and the kiln was 11.41 mg/100 g and 13.93 mg/100 g, respectively (Adeyeye et al.,
2017). Vitamin A has antioxidant activity, improves vision and bone growth. Fish species, in
general, can easily convert carotenoids into vitamin A (Aremu et al,, 2013).

Table 3 Vitamin content of fresh and smoked barracuda fish

; : Perlakuan
Vitamin
(mcg/100 g) Fresh barracuda fish  Traditional smoking Liquid smoke
method method
Vitamin A <15.85 <15.85 <15.85
Vitamin D ND ND ND

ND = Not detected
Data are the average of two replication

Vitamin D is a fat-soluble vitamin and has two main forms, namely vitamin D2 and vitamin D3.
Vitamin D is synthesized in the skin and partly comes from food sources (Macdonald, 2012). Fresh
and smoked barracuda fish samples in this study, no vitamin D was detected (Table 3). Previous
studies have found that fatty fish, such as salmon, bluefish, mackerel, and tuna, are good sources of
vitamin D (Lu et al.,, 2007). Vitamin D levels in the skin of various types of fish, such as trevally,
Atlantic salmon, yellowfin tuna, bream, blackfish, and rainbow trout, are found in the range of 1.8
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to 30 g/100g (Pierens & Fraser, 2015). The level of vitamin content may vary due to several
factors such as environment, season, climate, age, nutrition, and species (Mattila et al., 1995).
Vitamin D deficiency can be a risk factor for chronic diseases, including cancer, autoimmune, and
cardiovascular disease (Grant & Garland, 2002; Munger et al., 2006; Zittermann, 2006). Vitamin D
insufficiency (vitamin D serum

< 50 nmol/L) has a worldwide prevalence (Holick & Chen, 2008).

Microbial contamination

Microbial quality of smoked fish samples using traditional smoking and liquid smoke methods
were 4.9x102 colonies/g and 6.0x102 colonies/g, respectively. The total number of microbes in
barracuda fish after the smoking process decreased when compared to fresh barracuda fish
(8.2x102 colonies/g). The results of the analysis of variance and Duncan's further test (Table 3)
showed that smoked barracuda fish smoked using traditional smoking methods and liquid smoke
did not significantly affect the total microbial count. The decrease in the total number of microbes
in the sample was caused by the presence of bactericidal and bacteriostatic smoke components
(Swastawati et al, 2007). Smoked fish products smoked by different methods (traditional and
liquid smoke) have met quality standards because the total plate number value is below the
maximum limit of the Indonesian national standard number 2725: 2013, which is 5.0 x 104
colonies/g or with a log value of 4.69 ( BSN, 2013).

Table 3 Microbial contamination of fresh and smoked barracuda fish

Treatments
Microbial contamination Fresh barracuda Traditional Liquid smoke
fish smoking method method
TPC (colony/g) 8.2x 10% 49x10% 6.0 x 10%
Escherichia coli (APM/g) <1.8 <1.8 <18
Salmonella sp (negative/g) Negatif Negatif Negatif

Data are the average of two replication

Escherichia coli is an indicator of sanitation. Sanitation facilities affect the presence of Escherichia
coli bacteria in food. The content of Escherichia coli bacteria in smoked fish samples using
different smoking methods is < 1.8 MPN/g. This is influenced by the heating process during the
smoking process, resulting in the death of Escherichia coli bacteria. Escherichia coli is a mesophilic
bacterium with a growth temperature of 7°C to 50°C and an optimum temperature of around 37°C
(Adams & Moss, 2008). Both smoked fish products have met the quality standard of smoked fish
on the Indonesian national standard number 2725: 2013 for Escherichia coli a maximum of < 3
APM/g (National Standardization Agency for Indonesia, 2013).
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Fresh and smoked barracuda fish samples (traditional methods and liquid smoke) were found to
be negative/g on the pathogenic bacteria Salmonella sp., according to the Indonesian national
standard number 2725: 2013 (National Standardization Agency for Indonesia, 2013). Salmonella
sp. can grow at an optimum temperature of 37°C and a maximum of 45.6°C. Salmonella is sensitive
to heat and dies at 70°C, so smoking at 70°C or more is sufficient to kill Salmonella bacteria in all
parts of the food being cooked (Hu & Kopecko, 2003; Jay et al., 2005).

CONCLUSIONS

Barracuda fish has good potential to be processed into smoked fish. Smoked barracuda fish is
smoked with different methods, namely the traditional smoking method and liquid smoke. It is
safe for consumption because of the heavy metal content, histamine has met the quality standard
of smoked fish. Smoked fish samples also contain microbiological content, such as ALT, Escherichia
coli bacteria, and pathogenic bacteria Salmonella sp. below the limit determined by the
Indonesian national standard number 2725:2013. Vitamin A levels in fresh barracuda fish and
smoked barracuda fish were < 15.85 mcg/100 g, while vitamin D was not detected in either fresh
barracuda fish or smoked barracuda fish.

REFERENCES

Adeyeye, S.A.O., Fayemi, O.E., Adebayo-Oyetoro, A.O. 2017. Amino acid, vitamin and mineral
profiles of smoked fish as affected by smoking methods and fish types. Journal of Culinary
Science and Technology. 1-14.

Alcicek, Z., & Atar, H.H, 2010. The effects of salting on chemical quality of vacuum packed
liquid smoked and traditional smoked rainbow trout (Oncorhyncus myKiss) fillets during
chilled storage. Journal of Animal and Veterinary Advances, 9: 2778-2783.

Arason, S., Nguyen, M.V, Thorarinsdottir, K.A., & Thorkelsson, G. 2014. Chapter 6: Preservation
of fish by curing. In Seafood Processing: Technology, Quality and Safety. Editor: Boziaris, LS.
John Wiley & Sons, Ltd.

Aremu, M.O., Namo, S.B., Salau, R.B., Agbo, C.0., & Ibrahim, H. 2013. Smoking methods and
their effects on nutritional value of African catfish (Clarias gariepinus). The Open
Nutraceuticals Journal, 6: 105-112.

Associaton of Official Analytical Chemists (AOAC). 2005. Official method on analysis of the
association of official analytical of chemist. Arlington: The Association of Official Analytical
Chemist, Inc.

Associaton of Official Analytical Chemists. 2011. Vitamin A (retinol) in foods. Liquid
Chromatography. AOAC 2001.13.2011. Arlington: The Association of Official Analytical
Chemist, Inc.

Australian Food Standards Code. 2001. Part D: Fish and fish products. Standards D1 and D2.
Version 18.

| 75

ISSN 2828-1500 (Online) | 2828-1985(Print)



Proceeding on The International Halal Science and Technology Conference (IHSATEC) 2021
Vol.1 (1), 68-78

The Chemical Composition, Microbiology and Micronutrients Changes of Fresh Barracuda Fish and
Smoked Barracuda Fish using Different Smoking Methods
Fronthea Swastawati, Putut Har Riyadi, Retno Ayu Kurniasih, Aninditya Artina Setiaputri, Defita Faridlotus
Sholihah

Bene, C., Macfayden, G., & Allison, E.H. 2007. Increasing the contribution of small-scale
fisheries to poerty alleviation and food security. FAO Fisheries Technical Paper no. 481. FAQ,
Rome.

Cardinal, M., Knockaert, C., Torrissen, O., Sigurgisladottir, S., Morkore, T., Thomassen, M., &
Vallet, ].L. 2001. Relation of smoking parameters to the yield, colour, and sensory quality of
smoked Atlantic salmon (Salmo salar). Food Research International. 34: 537-559. Doi:
10.1016/50963-9969(01)00069-2

Clucas, I.]. 1981. Fish handling, preservation and processing in the Tropic Part 1. Tropical
Institute, London.

Dien, H.A., Montolaluy, R., dan Berhimpon, S. 2019. Liquid smoke inhibits growth of pathogenic
and histamine forming bacteria on skipjack filets. IOP Conference Series: Earth and
Environmental Science, 278(1), 12018.

European Food Safety Authority. 2008. Polycyclic aromatic hydrocarbons in food. Scientific
opinion of food panel on contaminants in food chain adopted on 9 June 2008. EFSA Journal,
724:1-114.

FDA. 1998. FDA and EPA guidance levels. In fish and fishery products hazards and controls
guide (pp. 245-248, Appendix 5). Department of Human Health and Human Service, Food and
Drug Administration, Center for Food Safety and Applied Nutrition, Office of Seafood,
Washington, DC.

Food and Agriculture Organization of the United Nations/World Health Organization
(FAO/WHO). 2013. Public health risks of histamine and other biogenic amines from fish and
fishery products. Meeting report.

Geoffroy, O.E., Elie, M., Lambert, C.H., Youssouf, A., Armand, B.G., Philippe, A.L. 2018. Proximate
composition of cultured (Oreochromis niloticus) and (Clarias gariepinus) based on
commercial feed in Benin. International Journal of Agricultural Environmental and
Biotechnology, 3(5): 176-183.

Goulas, A.E., & Kontominas, M.G. 2005. Effect of salting and smoking-method on the keeping
quality of chub mackerel (Scomber japonicas): biochemical and sensory attributes. Food
Chemistry, 93: 511-520.

Grant, W.B., & Garlant, C.F. 2002. Evidence supporting the role of vitamin D in reducing the
risk of cancer. Journal of International Medicine, 252(2): 178-180.

Hitachi Technical Data. Analysis of amino acids by OPA post column method.

Holick, M.E, & Chen, T.C. 2008. Vitamin D deficiency: a world wide problem with health
consequences. The American Journal of Clinical Nutrition, 87(4): 1080S-1086S.

Hu, L., & Kopecko, D.J. 2003. Campylobacter species. Miliotis, MD., Bier, ].F (Editor).
International Handbook of Foodborne Pathogens. New York (US): Marcel Dekker Inc.

Jay, ].M., Martin, J., & David, A.G. 2005. Modern food microbiology. New York (US): Springer.

76

ISSN 2828-1500 (Online) | 2828-1985(Print)



Proceeding on The International Halal Science and Technology Conference (IHSATEC) 2021
Vol.1 (1), 68-78

The Chemical Composition, Microbiology and Micronutrients Changes of Fresh Barracuda Fish and
Smoked Barracuda Fish using Different Smoking Methods
Fronthea Swastawati, Putut Har Riyadi, Retno Ayu Kurniasih, Aninditya Artina Setiaputri, Defita Faridlotus
Sholihah

Ljubojevic, D., Radosavljevic, V., Pelic, M., Dordevic, V., Zivkov, B.M., & Cirkovic, M. 2016. Fatty
acid composition, chemical composition and processing yield of traditional hot smoked
common carp (Cyprinus carpio, L.). Iranian Journal of Fisheries Sciences, 15(4): 1293-1306.
Lu, Z., Chen, T.C,, Zhang, A., Persons, K.S., Kohn, N., Berkowitz, R., Martinello, S., & Holick, M.F.
2007. An evaluation of the vitamin D3 content in fish: Is the vitamin D content adequate to
satisfy the dietary requirement for vitamin D?. Steroid Biochemistry and Molecular Biology,
103: 642-644.

Macdonald, H.M. 2012. Contributions of sunlight and diet to vitamin D status. Calcified Tissue
International, 92(2): 163-176.

Mattila, P, Piironen, V., Uusi-Rauva, E., & Koivistoinen, P. 1995. Cholecalciferol and
25-Hydroxycholecalciferol contents in fish and fish products. Journal of Food Composition
and Analysis, 8(3): 232-243.

Mohanty, B.P, Sankar, T.V,, Ganguly, S., Mahanty, A., Anandan, R., Chakraborty, K., Paul, B.N,,
Sarma, D., Dayal, |., Venkateshwarlu, G., Mathew, S., Asha, K.K., Mitra, T,, Karunakaran, D.,
Chanda, S., Shahi, N., Das, P, Das, P, Akhtar, M.S,, Vijayagopal, P, & Sridhar, N. 2016.
Micronutrient composition of 35 food fishes from India and their significance in human
nutrition. Biological Trace Element Reseacrh, 174(2): 448-458. Doi:
10.1007/s12011-016-0714-3.

Munger, K.L., Levin, L.I,, Hollis, B.W,, Howard, N.S., & Ascherio, A 2006. Serum
25-Hydroxyvitamin D levels and risk of multiple sclerosis. JAMA, 296(23): 2832-2838.
NAFDAC. 2003. National agency for food and drug administration and control. Consum. Saf.
Bull. 2(2): 1394-1596.

National Standardization Agency for Indonesia. 2006. Microbiological test method-Part 2:
Determination of Salmonella in fishery products - Indonesian National Standard Number
01-2332.2-2006. Jakarta: Badan Standardisasi Nasional.

National Standardization Agency for Indonesia. 2011. Determination of heavy metal levels of
Lead (Pb) and Cadmium (Cd) in fishery products - Indonesian National Standard Number
2354.5:2011. Jakarta: National Standardization Agency.

National Standardization Agency for Indonesia. 2013. Smoked fish using hot smoking method
- Indonesian Standard Number 2725:2013. Jakarta: National Standardization Agency
National Standardization Agency for Indonesia. 2015. Microbiological test method-Part I:
Determination of Coliform and Escherichia coli in fishery products - Indonesian National
Standard Number SNI 2332.1:2015. Jakarta: National Standardization Agency.

National Standardization Agency for Indonesia. 2015. Determination of total plate count
(TPC) on fishery products - Indonesian National Standard Number 01-2332.3-2015. Jakarta:
National Standardization Agency.

National Standardization Agency for Indonesia. 2016. Chemical test method part 6:
Determination of mercury (Hg) heavy metal content in fishery products - Indonesian
National Standard Number 2354.6: 2016. Jakarta: National Standardization Agency.

| 77

ISSN 2828-1500 (Online) | 2828-1985(Print)



Proceeding on The International Halal Science and Technology Conference (IHSATEC) 2021
Vol.1 (1), 68-78

The Chemical Composition, Microbiology and Micronutrients Changes of Fresh Barracuda Fish and
Smoked Barracuda Fish using Different Smoking Methods
Fronthea Swastawati, Putut Har Riyadi, Retno Ayu Kurniasih, Aninditya Artina Setiaputri, Defita Faridlotus
Sholihah

Olokor, ].0., IThuahi, J.A., Omojono, E.S., Fabiyi, B.A., & Adelomo, E.O. 2007. Handbook of
practical fisheries technology division. National Institute of Fresh Water Fisheries Research
(NIFFR). New Bussa, Niger Sate: Rem-Thomas. pp 13-42.

Patange, S.B., Mukudan, M.K,, dan Ashok K.K. 2005. A simple and rapid method for
colorimetric determination of histamine in fish flesh. Food Control, 16(5): 465-472.
d0i:10.1016/j.foodcont.2004.05.008.

Pierens, S.L., & Fraser, D.R. 2015. The origin and metabolism of vitamin D in rainbow trout.
The Journal of Steroid Biochemistry and Molecular Biology, 145: 58-64.

Roos, N,, Islamy, M., Thilsted, S.H. 2003. Small indigenous fish species in Bangladesh:
contribution to vitamin A, calcium dan iron intakes. Journal of Nutrition, 133(11 Suppl 2):
40218-40268.

Saha, N., & Zaman, M.R. 2012. Evaluation of possible health risks of heavy metals by
consumption of foodstuffs available in the central market of Rajshahi City, Bangladesh.
Shimadzu Application News No. L.449. 2013. High speed, high resolution analysis (Part 46)
analysis of pore-column derivatized biogenic amines by the Nexera SIL-30AC autosampler.
First Edition. Juni 2013

Stolyhwo, A., & Sikorski, Z.E. 2005. Polycyclic aromatic hydrocarbons in smoked fish: a critical
review. Food Chemistry, 91: 303-311.

Swastawati, F,, Sumardianto, & Indiarti, R. 2006. Quality comparation of smoking catfish using
pine liquid smoke with different concentration. Jurnal Saintek Perikanan, 2(1): 29-39.
Swastawati, F,, Cahyono, B., & Wijayanti, I. 2017. Changes in the quality characteristics of tuna
(Euthynnus affinis) with the traditional smoking method and the application of liquid smoke.
Jurnal Info, 19(2): 55-64.

Zittermann, A. 2006. Vitamin D and disease prevention with special reference to
cardiovascular disease. Progress in Biophysics and Molecular Biology, 92(1): 39-48.

78

ISSN 2828-1500 (Online) | 2828-1985(Print)



	481-Article Text-1352-4-10-20220105
	482-Article Text-1346-6-10-20220105
	483-Article Text-1345-5-10-20220105
	484-Article Text-1344-4-10-20220105
	485-Article Text-1424-1-10-20220105
	486-Article Text-1423-1-10-20220105
	487-Article Text-1422-1-10-20220105
	488-Article Text-1356-6-10-20220105
	489-Article Text-1421-1-10-20220105
	490-Article Text-1415-1-10-20220105
	491-Article Text-1416-1-10-20220105
	492-Article Text-1370-2-10-20220103
	493-Article Text-1374-2-10-20220103
	494-Article Text-1377-2-10-20220103
	495-Article Text-1380-4-10-20220103
	496-Article Text-1384-2-10-20220103
	497-Article Text-1388-3-10-20220105
	498-Article Text-1392-3-10-20220103
	499-Article Text-1396-2-10-20220120
	500-Article Text-1426-1-10-20220107 (1)
	501-Article Text-1419-1-10-20220105
	502-Article Text-1408-3-10-20220105
	504-Article Text-1429-3-10-20220124
	Untitled
	Blank Page

