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ABSTRACT 

The addition of liquid smoke during milkfish nugget processing offers a cheaper, easier, and more 

environmentally friendly process. Liquid smoke can be used as an antioxidant, antibacterial, and 

flavor additive. The purpose of this study was to determine the effects of varying the type and 

concentration of liquid smoke on the sensory and proximal characteristics of resulting milkfish 

nuggets, examined by hardness, deformation, gel strength, organoleptic, hedonic, and proximate 

testing. Parametric data were subjected to variance analysis and Tukey's test. Non-parametric data, 

such as organoleptic and hedonic data, were analyzed with the Kruskall–Wallis test and the Mann–

Whitney test. Varying types and concentrations of liquid smoke were found to significantly affect the 

hardness, deformation, gel strength, and protein and carbohydrate levels, as well as the organoleptic 

and hedonic properties (P < 0.05), but were found to have no significant effect on the moisture or fat 

content of the resulting milkfish nuggets (P > 0.05). The best treatment was 3% redistillation liquid 

smoke. Overall, organoleptic and hedonic properties of milkfish nuggets processed with filtered and 

double-distilled liquid smoke were accepted. 

 

Keyword: Liquid smoke, Milkfish nuggets, Texture, Sensory, Proximate 

 

 

INTRODUCTION 

Smoking is commonly traditional methods for preserving fresh fish (Giannoglou et al., 2019) 

and contributing to various food processing in Semarang, Indonesia as coastal region which is provide 

unique flavor and color due to the existing compounds such as formaldehyde, carboxylic acids, and 

phenols (Lingbeck et al., 2014; Nithin et al., 2016; Prasetyo et al., 2016; Rizo et al., 2017; Swastawati 

et al., 2012). As national industry, the production of smoked fish in Central Java Province reaches 5 

ton per day (Putra, 2014) from 0.5 million ton daily fish production in Central Java (BPS, 2018) , 



therefore government highly supports smoked fish producer (BI, 2010) . Several smoking method has 

been known in Indonesia including the variety of applied wood such as “kesambi wood” to produce 

traditional “sei” smoked beef (Widarti et al., 2012) and the variety of smoking method such as kiln 

model to produce the enhanced flavor and much more consideration in producing health-friendly food 

(Adeyeye et al., 2016; Al-Baarri et al., 2016; Swastawati et al., 2013 ). 

As readily understood, polycyclic aromatic hydrocarbons (PAHs) is mainly exist in smoke, 

which is the largest class of chemical compounds, containing two or more fused aromatic rings made 

up of carbon and hydrogen atoms, and are categorized as genotoxic agents; (Ciecierska and 

Obiedzinski, 2007; Mičulis et al., 2011; Yusuf et al., 2015). PAHs are formed during the incomplete 

combustion processes that may occur whenever wood, coal, or oil are burnt (Ciecierska and 

Obiedzinski, 2007) and pay much attention to consumer due to their toxicity and carcinogenic activity 

(Stumpe-Viksna et al., 2008; Swastawati et al., 2013).  

The liquid smoke method may provide the opportunity to reduce PAH levels in the final product 

since the degradation of cellulose, hemicellulose, and lignin during pyrolysis of wood using a high-

temperature combustion process (Desniorita and Maryam, 2015; Ramakrishnan and Moeller, 2002). 

Liquid smoke is recently may be applied in various food such as fruit (Akharume et al., 2018) and 

vegetable (Cheng et al., 2019) to produce unique taste and provide points for their shelf life due to 

flavor enhancement and antibacterial properties (Abustam et al., 2018; Budaraga et al., 2016; Milly 

et al., 2005; Nithin et al., 2015; Purba et al., 2014; Swastawati et al., 2012; Swastawati et al., 2014; 

Janairo and Amalin, 2018; Zuraida et al., 2011). The limited documentation is still found to the study 

of liquid smoke in derivatives product, such as fish nuggets. Fish nuggets may provide variety of final 

product that may enhance the consumer preference to fish product (Suprayitno et al., 2016) and also 

may combine with much more variety of ingredient including local leaf (Amalia et al., 2016) and 

may re-utilize the edible waste fish product (Vázquez et al., 2019). Furthermore, fish product may 

contribute to the demand for food products with high nutritional values (Silva et al., 2011). Therefore, 

this study aims to analyze  the effects of liquid smoke on the quality of fish nugget. This research 

may open the opportunity for food industry to develop derivative product from fish. 

 

 

MATERIAL AND METHOD 

Materials 

The milkfish (weight 250 ± 25 g) was obtained from fish culture in north part of Semarang city. 

The liquid smoke was obtained from  Marine Science Techno Park, Diponegoro University from 

coconut shells. For nugget manufacture, flour, breadcrumbs, pepper, and onions were used and 

purchased from modern market. For proximate analysis, H2SO4, HCl, NaOH, HCl, HBrO3, N-hexane 

were used. A stainless steel  knife, food processor, and steamer from local manufacture were used as 

instrument to produce fish nugget. Texture analysis was conducted in Fisheries  and Marine Sciences 

Faculty, Diponegoro University. Proximate analysis was conducted using oven, Kjeldahl apparatus, 

soxlet apparatus, and furnace in Central Laboratory for Research and Services, Diponegoro 

University. 

  

Liquid smoke analysis 

The total phenolic content of the liquid smoke was measured using the Folin–Ciocalteu method 

as described by Amin et al. (2004) with slight modifications and expressed as gallic acid equivalent. 

Estimation of total carbonyl content was done according to JECFA (2001) with slight modifications.  

 

Analysis PAH  



Homogenized samples were hydrolyzed with a solution of potassium hydroxide in ethanol and 

extracted with cyclohexane. The cyclohexane solution was washed with water and with a mix of 

methanol and water, then re-extracted with an N,N-dimethylformamide/water (9:1) blend, and then 

repeatedly extracted with cyclohexane. After a sample underwent cyclohexane solution purification 

on Silica SPE column, it was concentrated and analyzed on an Agilent Model 6890 gas 

chromatograph equipped with the mass selective detector Model 5973 (Stumpe-Viksna et al., 2008). 

 

Preparation of milkfish nuggets 

The filleted milk fish were ground into a pulverized meat and seasoned with peppers, onion, salt, 

and pulverized refined sugar. The dough was prepared by mixing minced fish, spices, flour, and liquid 

smoke at concentrations of 1, 3, and 5%. The dough was steamed for 30 min and then cooled for 20 

min before being smeared with butter and a breadcrumb mixture. The nuggets were stored at 4°C for 

analysis the next day. The liquid smoke was tested for total phenol, total carbonyl, total radical 

scavenging activity, and PAH components. The milkfish nugget were tested  for hardness, 

deformation, and gel strength, as well as sensory evaluation, i.e. organoleptic and hedonic test. 

Proximate analysis i.e. water, protein, fat, ash, and carbohydrate contents were also observed.. 

 

Textural analysis 

The textural analysis consisted of hardness, deformation, and gel strength testing and was 

performed for nugget banding using a texture analyzer (Model TA Plus, Lloyd Instruments, London, 

UK). Samples of milkfish nugget with the size of 2.5x2x0.5 cm of each treatment were prepared for 

textural analysis. A 5 mm probe ball was used and the texture analyzer was set to 60 mm/min. Gel 

strength (gf.cm) was calculated by the multiplication of violence (gf) and deformation (cm). 

 

Sensory analysis 

As much as 30 trained staff were contributed as panelists to assess organoleptic and hedonic 

properties. Organoleptic testing was performed according to the National Standardization Agency of 

Indonesia No: SNI-01-6683-2002; hedonic testing was performed according to the National 

Standardization Agency of Indonesia Number: SNI 01-2346-2006. 

 

Proximate analysis 

The proximate analysis consisted of determining moisture, protein, fat, ash, and carbohydrate 

contents using AOAC methods (2005). 

 

Statistical analysis 

All treatments were carried out in triplicates and obtained data were analyzed using analysis of 

variance (ANOVA). Group differences were identified with Tukey's test. Some non-parametric data 

were analyzed with the Kruskal–Wallis test followed by the Mann–Whitney test using SPSS software 

(SPSS 17.0 for Windows; SPSS Inc., Chicago, IL, USA). 

 

 

RESULT AND DISCUSSION 

Liquid smoke characteristics 

Distilled, filtrated, and redistillated liquid smoke were used in this research as conducted by other 

researcher (Lukman et al., 2009; Ramakrishnan and Moeller, 2002) as shown in Table 1 in order to 

decrease the total phenol contents, carbonyl contents, and radical scavenging activity. Distillation and 

filtration of liquid smoke might decreased 34.41% of total phenol and amazingly, redistillation 

decreased 70.45% phenol content of the liquid smoke. This may be explained because of the lost 



during the heating process. The phenol, radical scavenging activity, and carbonyl contents of the 

nanoencapsulated liquid smoke were the highest among the liquid smoke processing types examined. 

Total phenol content of the liquid smoke in this study was lower than that of reported by Lombok 

et al. (2014) that showed that total phenolic content of liquid smoke distilled at a temperature between 

100–120°C was 2.25%. Nithin et al. (2016) reported phenolic content of liquid smoke derived from 

coconut shells was 0.01348%, slight lower than that of in this research. The remarkable variation of 

phenolic content in liquid smoke may due to applied raw material and distillation temperature 

(Anggraini and Yuniningsih, 2013), and contributed to the liquid smoke classification. Budaraga et 

al. (2016) reported that phenol and carbonyl contents has increased in distilled and filtered liquid 

smoke that might provided specific flavor and color (Darmadji, 2002). The liquid smoke with a low 

phenolic content in this study might served as a flavorant only, rather than as antibacterial and 

antioxidant enhancer (Anggraini and Yuniningsih, 2013). 

Based on gas chromatography analysuis, six PAHs compounds were detected that was involved 

naphtalene, acenapthane, phenantrene, pyrene, benzo-a-antrazene, and benzo-a-pyrene (Tabel 2). 

Four compounds were detected in the distilled liquid smoke, five compounds were detected in the 

filtered smoke, and three compounds were detected in the double-distilled liquid smoke. Pyrene 

content was highest in filtered liquid smoke and lowest in the redistilled type; benzo-a-antrazene and 

benzo-a-pyrene contents were highest in the redistilled type. 

 

Texture 

The hardness of milkfish nuggets was affected by the different types and concentrations of liquid 

smoke (Figure 1). ANOVA showed an interaction between the type and concentration of liquid smoke 

(p<0.05). Various types and concentration of the liquid smoke might effected nugget hardness as can 

be seen that 3% double-distilled liquid smoke produced the highest hardness. Deformation data are 

presented in Figure 2 that indicated significant interaction between smoke type and concentration 

significantly in deformation of the milkfish nuggets. Deformation tended to increase in the nuggets 

with a 3% liquid smoke concentration but decreased at the 5% concentration. The 3% filtered smoke 

treatment had a higher deformation value than other treatments, but showed no difference at 1% 

concentration of redistilled smoke.  
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Figure 1. Hardness of milkfish nuggets containing different types and concentrations of liquid 

smoke 

 

 
Figure 2. Deformation of milkfish nuggets with different types and concentrations of liquid smoke 

 

ANOVA on gel strength data revealed an interaction between the type and concentration of liquid 

smoke on the resulting nuggets' gel strength (P < 0.05). Gel strength banding is presented in Figure 

3. The filtered and redistilled liquid smoke produced nuggets with similar gel strengths. The gel 

strength increased in milkfish nuggets with 3% liquid smoke concentration but decreased with 5% 

liquid smoke concentration. Milkfish nuggets treated with redistilled liquid smoke had higher gel 

strengths than those treated with filtered liquid smoke.  

 

 
Figure 3. Gel strength of milkfish nuggets with different types and concentrations of liquid smoke 
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Overall, the type and concentration of liquid smoke produced different effects on texture 

parameters (hardness, deformation, and gel strength). The use of liquid smoke can increase the 

hardness and gel strength but decrease deformation. This can partially be explained by the higher 

phenolic content of liquid smoke, which cross-links nuggets' protein molecules and thus enhances the 

hardness and gel strength (Balange and Benjakul, 2009; Temdee and Benjakul, 2015). Meanwhile, 

the decreased nugget deformation in all trials was likely caused by the presence of breadcrumbs on 

the nugget surface; breadcrumbs have a relatively low plastic deformation (Korczyk-Szabó and 

Lacko-Bartošová, 2013), so including them in the nugget results in lower deformation. 

 

Sensory Analysis 

The type and concentration of liquid smoke significantly affected the organoleptic value of the 

milkfish nuggets (Table 3); and based on the minimum level for acceptable score for organoleptic 

(score >7), filtered or redistilled liquid smoke milkfish nuggets were acceptable for consumption. The 

browning color that was appeared in nuggets was due to carbonyl compounds reacting with the 

proteins in a Maillard reaction (Toledo, 2007). Thus, appearance generally decreased with increasing 

concentration of added liquid smoke; as the nuggets became darker. As consequence, the panelists 

provided much lower score. The greatest appearance value was observed in milkfish nuggets with 

1% filtered liquid smoke, similar to the milkfish nuggets without liquid smoke (control).  

One percent of redistilled liquid smoke was also contributed to the highest score, however 5% 

redistilled liquid smoke reduced the typical smell of fish but adversely increase the smell score of 

smoke resulted in the low values of score. Amazingly, 5% redistilled liquid smoke received the 

highest taste score, although they were not significantly different from those of 3% redistilled liquid 

smoke. The lowest specific sense value was obtained at 5% liquid smoke concentration, because of 

the strong flavor from smoke. Smoke flavor is generally recognize as safe (Faisal et al., 2019) and is 

considered by both the USDA and FDA as a natural flavor (Rozum, 2014). Liquid smoke can be 

applied as a dip or a drench to color (Ayvaz et al., 2016) and flavor cooked ready-to-eat meats (Morey 

et al., 2012) and added directly to other food products such as barbecue sauce, dry crispy snacks, 

canned baked beans, and canned fish and shellfish (Achmadi et al., 2013). In metropolitan areas 

where the discharge of smoke to the environment is restricted, liquid smoke may be substituted 

(Toledo 2007). 

 

Hedonic analysis  

The hedonic test methods were based on BSN (2006) according to SNI 01-2346-2006 and 

sensory testing in fishery guidelines. The hedonic test examined appearance, smell, taste, and texture 

on a 9-point scale starting with 1 to 9 that was represented as very unpleaseant to very pleasant, 

respectively. Overall, milkfish nuggets were preferred with liquid smoke rather than the without one. 

The average value for nuggets containing 5% liquid smoke was >7, indicating a favorable for 

consumer.  

All milkfish nuggets containing filtered or redistilled liquid smoke were highly rated on their 

appearance by the panelists; nuggets with 1 or 3% redistilled liquid smoke received an average value 

of 8. The appearance of nuggets with 1% filtered liquid smoke were higher than that of 3 and 5%, but 

lower than those of 3% of redistilled liquid smoke. Milkfish nuggets with 3 or 5% filtered or 

nanoencapsulated liquid smoke and 1% redistilled liquid smoke were highly preferred by the 

panelists.  

The liquid smoke addition also significantly affected the taste of the milkfish nuggets (Widiastuti 

et al., 2019) . Three precent redistilled liquid smoke provided highest flavor value  while the lowest 

value was achieved by nugget with 3% filtered liquid smoke. As texture preference was observed, 

nuggets with 5% filtered liquid smoke provided higher score than those of 1 and 3%. The texture of 



the nuggets containing 3% redistilled liquid smoke was the most preferred. Even though subjective 

preferences play a large role the majority of the consumers, the liquid smoke flavor in the milkfish 

nuggets was preferred by consumers. This research was linear with the finding of Martinez and 

Machado (2016) that was reported that the majority of the consumers liked liquid smoke flavoring. 

 

Proximate analysis 

Although the liquid smoke concentration had no effect on the water content, the distilled and 

filtered liquid smoke provided higher value than the double distilled. The water content of all milkfish 

nuggets was exceeded the Indonesian National Standards of 60%. Values in this research were higher 

than as reported by Chen et al. (2009), who found nugget water content was varied from 31.60 to 

45.27% in the final product due to further frying and heating. However, Suprayitno et al. (2016) 

reported that nuggets combined with tofu had a water content of 61.16–65.45%. 

Type and concentration of liquid smoke affected the protein content of the milkfish nuggets 

(p<0.05) providing the value ranging from 13.56 to 15.62%. The protein content of milkfish nuggets 

in this research have met the Indonesian National Standards on protein content in fish nuggets, i.e. 

>12%. The protein content in this finding was similar to Lima et al. (2015) which was reported a 

protein content of Nile tilapia nuggets between 12.85 and 16.12%. Jayasinge et al. (2013) and Sarkar 

et al. (2016) have found higher protein contents in fish nuggets, i.e. 14.72–20.28% and 15.5–19.3%, 

respectively, because of an addition of high-protein flour and vegetables. As fat analysis, liquid smoke 

concentration significantly affected the fat content of milkfish nuggets, which increased along with 

the increase in concentration. The fat content of milkfish nuggets was 3.17–3.75%, that follow the 

Indonesian National Standards (maximum of 20%), and lower than that reported by Jayasinge et al. 

(2013) and Sarkar et al. (2016). 

 

Amino acid analysis 

Glutamic acid was found in the highest amounts, at a range of 14353.08–19431.07 mg/kg (Table 

6). Lysine was also found in high amounts, at 7577.63–10,385.90 mg/kg. These finding were found 

to be higher than as reported by Liputo et al. (2013), who reported Largesnout goby (Awaous 

melanocephalus) fish nuggets to contain 2410 and 2110 mg/kg glutamic acid and lysine, respectively. 

This is likely because milkfish have higher essential amino acid contents than Largesnout gobies do. 

 

Determination of EPA and DHA  

Borlongan and Benitez (1992) reported that milkfish grown in seawater and freshwater contain 

different levels of fatty acids. Milkfish grown in seawater contained higher Poly Unsaturated Fatty 

Acid (PUFA), especially ω-3 fatty acids (Sugata et al., 2019). Wan Rosli et al. (2012) showed that 

saltwater-raised fish contained higher levels of the long-chain omega-3 fatty acids docosahexaenoic 

acid (DHA) and eicosapentaenoic acid (EPA) than those raised in freshwater. DHA and EPA are 

essential nutrients that are fundamental to brain function, enhance quality of life, and lower the risk 

of premature death (Kidd, 2007). Because of their high levels of EPA and DHA, as shown in Table 

7, the use of milkfish as a raw material for nuggets offers health benefits. The highest EPA and DHA 

levels were found in milkfish nuggets with 1% filtered liquid smoke. As shown in Table 7, increasing 

the concentration of filtered liquid smoke lowered the EPA and DHA levels, whereas increasing the 

concentration of redistilled liquid smoke increased their levels.  

The levels of EPA found were lower than those found in Largesnout goby fish nuggets (Awaous 

melanocephalus), as reported by Liputo et al. (2013): 20.1–37.3 mg/100 g compared with 3130 

mg/100 g. This was likely caused by the lower lipid contents of milkfish compared with the 

Largesnout goby (Awaous melanocephalus), reported at 14.43%. 

 



CONCLUSION 

Types and concentrations of liquid smoke might affected physical and chemical properties of 

milkfish nuggets. Milkfish nuggets were found to contain essential amino acids and fatty acids and 

the most favorable properties was obtained when 3% redistilled liquid smoke to produce milkfish 

nugget. 
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Table 1. Characteristics of liquid smoke that was obtained using distillation, distillation and filtration, 

and double distillation processes 

Parameter 

Type of Liquid Smoke 

Distilled Only Distilled and Filtered Double Distilled 

Total phenol (%) 0.0555 ± 0.0011 0.0364 ± 0.0021 0.0164 ± 0.0020 

Total carbonyl (%) 0.4986 ± 0.0018 0.4550 ± 0.0035 0.3776 ± 0.0016 

Total Radical Scavenging 

Activity (RSA) (%) 
85.5308 ± 0.1211 71.8322 ± 0.121 22.5171 ± 0.1211 

 

 

 

Table 2. Polycyclic aromatic hydrocarbon (PAH) contents in distilled, distilled and filtered, and 

double-distilled liquid smoke 

Parameter 
Type of Liquid Smoke 

Distilled Only Distilled and Filtered Double Distilled 

Naphthalene (ppm) nd nd nd 

Acenapthane (ppm) nd 1.32 nd 

Phenantrene (ppm) 0.55 0.44 nd 

Pyrene (ppm) 2.07 8.34 2.87 

Benzo@Antrazene (ppm) 2.93 2.43 16.55 

Benzo@Pyrene (ppm) 29.98 8.26 105.79 

Note: nd = not detected 

 

 

Table 3. Organoleptic values of milkfish nuggets with different types and concentrations of liquid 

smoke 

Liquid smoke type Concentration 
Specification 

Appearance Smell Taste Texture Total 

Control 0% 8.00 ± 0.89 8.18 ± 0.87 8.31 ± 0.84 8.43 ± 0.9 7.51 ± 0.5 

Distilled and filtered 

1% 8.09 ± 0.93 7.93 ± 0.86 7.73 ± 0.83 7.07 ± 0.83 7.71 ± 0.41 

3% 7.39 ± 0.87 7.54 ± 1.00 7.07 ± 0.93 7.1 ± 0.95 7.29 ± 0.62 

5% 7.27 ± 0.83 7.42 ± 0.86 6.79 ± 1.10 7.48 ± 1.17 7.24 ± 0.45 

Double distilled 

1% 7.8 ± 1.01 8.03 ± 1.05 8.08 ± 1.18 7.13 ± 0.91 7.76 ± 0.45 

3% 7.12 ± 1.04 7.26 ± 0.79 7.37 ± 0.89 7.83 ± 0.78 7.39 ± 0.54 

5% 7.87 ± 0.94 7.79 ± 0.85 8.09 ± 0.89 8.46 ± 1.13 8.05 ± 0.56 

 

 

  



Table 4. Hedonic scale of milkfish nuggets with varying type and concentration of liquid smoke 

Liquid smoke 

type 

Concentrati

on 

Specification 
TOTAL 

Appearance Color Smell Taste Texture 

Control 0% 7.52 ± 0.67 7.62 ± 0.88 

7.52 ± 

0.82 7.24 ± 0.71 7.53 ± 0.5 7.49 ± 0.39 

Distilled and 

filtered 

1% 7.34 ± 0.52 7.57 ± 0.65 

7.17 ± 

0.55 7.07 ± 0.83 7.06 ± 0.69 7.24 ± 0.37 

3% 7.12 ± 0.67 7.4 ± 0.56 

7.01 ± 

0.79 7.29 ± 0.74 7.07 ± 0.68 7.18 ± 0.38 

5% 7.14 ± 0.55 7.77 ± 0.91 

6.98 ± 

0.79 7.51 ± 0.67 7.11 ± 0.55 7.30 ± 0.42 

Double distilled 

1% 7.39 ± 0.77 7.37 ± 1.18 7.32 ± 1 7.13 ± 0.78 7.36 ± 0.57 7.31 ± 0.57 

3% 7.58 ± 0.79 7.86 ± 0.76 7.6 ± 0.79 7.95 ± 1.09 7.52 ± 0.52 7.70 ± 0.42 

5% 7.26 ± 0.79 7.36 ± 0.69 

7.39 ± 

1.19 7.1 ± 0.77 7.14 ± 1.26 7.25 ± 0.52 

 

 

Table 5. Proximate content of milkfish nuggets with different types and concentrations of liquid 

smoke 

Liquid smoke 

type Conc. 
Parameter 

Water (%) Protein (%) Fat (%) Ash (%) Carbohydrate (%) 

Control 0% 61.03 ± 0.38 13.563 ± 0.19 4.65 ± 0.17 2.57 ± 0.23 11.29 ± 1.42 

Distilled and 

filtered 1% 

64.49 ± 

1,10A 14.77 ± 0,22ab  3.43 ± 0.09Bp  1.58 ± 0.13Bp 11.52 ± 1,90d 

3% 

63.32 ± 

0,55A 15.62 ± 0,2a 3.75 ± 0.07Bpq 1.29 ± 0.17Bp 12.86 ± 0,11bcd 

5% 

63.40 ± 

1,27A 13.75 ± 0,16bc 3.28 ± 0.1Bq 1.63 ± 0.22Bq 13.90 ± 0,88bcd 

Double distilled 

1% 

60.62 ± 

0,43B 13.77 ± 0,18b 3.17 ± 0.03Bp 1.69 ± 0.23Bp 17.11 ± 0,84a 

3% 

60.62 ± 

0,43B 15.48 ± 0.77a 3.68 ± 0.18Bpq 1.16 ± 0.12Bp 15.23 ± 2,07bcd 

5% 60.65 ± 2B 14.54 ± 0.32ab 3.72 ± 0.56Bq 2 ± 0.5Bq 14.75 ± 0,28ab 

Different capital letters (A, B) in the same column indicates significant differences in the type of liquid smoke (p< 0.05); different 
lowercase letters (p, q) in the same column indicates significant difference in concentration; different letters (a, b, c) in the same column 
indicates significant differences in the combination of the kind of liquid smoke and concentration. 

  



Table 6. Amino acid concentrations of milkfish nuggets with different types and concentrations of 

liquid smoke 
NO Amino Acid (mg/kg) Control Distilled and filtered Double distilled 

1% 3% 5% 1% 3% 5% 

1 Lysine 4396.12 4697.62 3497.21 4029.01 3663.04 3348.07 4828.60 

2 L-Alanin 5267.70 5384.34 4275.04 4213.49 4365.61 4116.54 4747.38 

3 L-Arginin 4656.05 5267.02 3633.20 4620.16 3936.76 3337.57 5236.54 

4 L-Aspartad acid 8095.65 8428.30 6666.51 6297.52 6985.28 6438.94 6595.33 

5 L-Glutamic acid 17236.49 19431.07 15187.63 14353.08 16167.59 16812.50 15817.1

5 

6 L-Fenilalanin 3645.75 3897.67 2708.07 3614.36 3007.29 2776.10 4507.05 

7 L-Histidin 3364.61 3343.61 2675.53 3210.67 2716.54 2512.84 3809.36 

8 L-Isoleusin 3910.46 3904.30 3128.24 3190.11 3085.74 2997.54 4034.14 

9 L-Leusin 7072.61 7615.43 5804.83 6266.61 5958.90 2997.54 7369.02 

10 L-Lysine HCl 9869.78 10385.90 8241.22 7577.63 8606.18 7801.65 7960.78 

11 L-Prolin 3858.03 4268.01 3346.93 3427.01 3530.16 3740.68 4224.14 

12 L-Serin 3800.41 3701.79 2925.58 3159.27 2956.93 2923.89 4017.61 

13 L-Threonin 4184.42 4101.84 3275.54 3159.27 3134.65 3149.98 4396.22 

14 L-Tirosin 2896.62 2562.10 2148.71 2449.14 1981.70 2174.90 3195.77 

15 L-Valin 4414.64 4410.33 3585.09 3604.73 3526.37 3430.33 4452.76 

 

 

Table 7. EPA and DHA of milkfish nuggets with different types and concentrations of liquid smoke 
Liquid smoke type 

Concentration 
Fatty Acid (mg/100 g)  

EPA  DHA  

Control 0% 29.85 44.55 

Distilled and filtered 1% 37.3 53.1 

3% 20.1 28.3 

5% 26.5 38.9 
Double distilled  1% 27.3 37.9 

3% 26.2 36.1 

5% 29.95 42.0 
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4. Redo conclusion by avoiding discussion 

ABSTRACT   

 

Liquid smoke method is an alternative to traditional smoking techniques, which aims to reduce 

polycyclic aromatic hydrocarbon (PAH) levels in the final product by degrading cellulose, 

hemicellulose, and lignin during pyrolysis of wood using a high-temperature combustion process. 

Research in liquid smoke is readily available in its application on raw fish product. However, less 

information is available in the ready-to-serve-product made of fish. Therefore, this study aimed to 

determine the effects of varying types and concentrations of liquid smoke on the sensory and 

proximate characteristics of milkfish nuggets, depending on the hardness, deformation, gel strength, 

organoleptic, and proximate testing. Parametric data were utilized for variance analysis and Tukey’s 

test. Non-parametric data, such as organoleptic and hedonic data, were analyzed using the Kruskall–

Wallis test and the Mann–Whitney test. Varying types and concentrations of liquid smoke were found 

to significantly affect the hardness, deformation, gel strength, and protein and carbohydrate levels, as 

well as the organoleptic and hedonic properties (p < 0.05), but had no significant effect on the 

moisture or fat content of the resulting milkfish nuggets (p > 0.05). The best treatment was found to 

be 3 % re-distillation liquid smoke. Overall, the organoleptic and hedonic properties of milkfish 

nuggets processed with filtered and double-distilled liquid smoke were acceptable to be applied. 

Moreover, determining the type and concentration of liquid smoke is important consideration in the 

production milkfish nugget in order to produce best physical and chemical qualities. Furthermore, 

milkfish nuggets were found to contain essential amino acids and fatty acids, which can be obtained 

when 3 % re-distilled liquid smoke was utilized to produce milkfish nuggets. This finding practically 

reveals the method and composition of milkfish nugget liquid which was more likely to have the 

highest preference for consumers and  may open the opportunity for the food industry to develop 

more derivative products from fish. 

 

Key words: Liquid smoke, Milkfish nuggets, Texture, DHA, EPA, Proximate 

 

INTRODUCTION  

 

Smoking has been a traditional method to preserve fresh fish [1]. In Semarang Indonesia, being a 

coastal region, smoking has been used as a primary food processing method as it adds some unique 

flavor and colour to their products, which can be attributed to compounds such as formaldehyde, 

carboxylic acids, and phenols [2]. As a national industry, the production of smoked fish in Central 

Java Province has reached 5 tons per day [3] from 0.5 million tons daily fish production in the 

province [4]; this is proof that the government highly supports the smoked fish producers [5]. There 

are several smoking methods in use in Indonesia, and this includes a variety of applied wood such as 

“kesambi wood,” which is known to produce traditional “sei” smoked beef [6]. Smoking methods 
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like the kiln model are also utilized to enhance the flavor of the food, not compromising its healthy 

features [7]. 

 

Polycyclic aromatic hydrocarbons (PAHs) mainly exist in smoke, which is the largest class of 

chemical compounds, containing two or more fused aromatic rings made up of carbon and hydrogen 

atoms, and they are often categorized as genotoxic agents [8]. Polycyclic aromatic hydrocarbons 

(PAHs) are formed during the incomplete combustion processes that may occur whenever wood, coal, 

or oil are burnt [8], most consumers are aware of their toxicity and carcinogenic activity [7].  

 

Liquid smoke method may be an opportunity to reduce PAH levels in the final product since the 

degradation of cellulose, hemicellulose, and lignin occurs during pyrolysis of wood using a high-

temperature combustion process [9]. Liquid smoke is applied in various foods like fruits and 

vegetables to produce a unique taste and to lengthen their shelf life due to flavour enhancement and 

antibacterial properties [10].  

 

There is still limited literature on the study of liquid smoke in derivative products, such as fish 

nuggets. Fish nuggets can be varied, which may enhance consumer preference to fish product [11]. It 

can also be combined with other ingredients including local leaves [12], with its edible waste fish 

product re-utilized [13]. Furthermore, fish products may help in curbing the demand for food with 

high nutritional value [14]. This study has analyzed how liquid smoke method can affect the quality 

of fish nugget.  

 

MATERIALS AND METHODS 

 

Materials 

Milkfish (weight 250 ± 25 g) were obtained from a fish culture in the north part of Semarang city. 

With the help from the Marine Science Techno Park, Diponegoro University, liquid smoke method 

was utilized from coconut shells. The manufacture for liquid smoke was done as previous method 

using the pyrolysis method with temperature of 450˚C [A]. The production of liquid smoke was 

conducted In manufacturing nuggets, flour, breadcrumbs, pepper, and onions were purchased and 

used. For proximate analysis, H2SO4, HCl, NaOH, HCl, HBrO3, and N-hexane were used. A stainless 

steel knife, food processor, and steamer from a local manufacturer were utilized for the production of 

fish nuggets. Texture analysis was conducted in the Fisheries and Marine Sciences Faculty, 

Diponegoro University. Proximate analysis was conducted using an oven, Kjeldahl apparatus, 

Soxhlet apparatus, and furnace coming from the Central Laboratory for Research and Services, 

Diponegoro University. 

  

Liquid smoke analysis how was liquid smoke prepared? 

The total phenol content of the liquid smoke was measured using the Folin–Ciocalteu method as 

described by Amin et al. [15], with slight modifications using as gallic acid equivalent at a range 

0.01-0.05 %. Estimation of total carbonyl content was done according to JECFA [16].  

 

Analysis of PAH  

Homogenized samples were hydrolyzed with a solution of potassium hydroxide in ethanol and 

extracted with cyclohexane. The cyclohexane solution was washed with water and with a mix of 

methanol and water, then re-extracted with an N, N-dimethylformamide/water (9:1) blend, and then 

repeatedly extracted with cyclohexane. After cyclohexane solution purification on Silica SPE 
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column, the sample was concentrated and analyzed on an Agilent Model 6890 gas chromatograph 

equipped with the mass selective detector Model 5973 [9]. 

 

Preparation of milkfish nuggets 

The filleted milkfish were ground into a pulverized meat, seasoned with pepper, onion, salt, and 

pulverized refined sugar. The dough was prepared by mixing minced fish, spices, flour, and liquid 

smoke at concentrations of 1, 3, and 5 %. The dough was steamed for 30 min and then cooled for 20 

min before getting smeared with butter and in a breadcrumb mixture. The nuggets were stored at 4 

°C for analysis the next day. The liquid smoke was tested for total phenol, total carbonyl, total radical 

scavenging activity, and PAH components. The milkfish nuggets were tested for hardness, 

deformation, and gel strength, as well as sensory evaluation, which is an organoleptic and hedonic 

test. Proximate analysis, i.e., water, protein, fat, ash, and carbohydrate contents, was also performed. 

 

Textural analysis 

The textural analysis consisted of hardness, deformation, and gel strength testing and was performed 

for nugget banding using a texture analyzer (Model TA Plus, Lloyd Instruments, London, UK). 

Samples of milkfish nuggets with the size of 2.5 x 2x0.5 cm each were prepared for textural analysis. 

A 5 mm probe ball was used, and the texture analyzer was set to 60 mm/min. Gel strength (gf.cm) 

was calculated by the multiplying violence (gf) and deformation (cm). 

 

Sensory analysis 

A panel of 30 trained staff as the panelist assessed the organoleptic and hedonic properties of the 

milkfish nuggets. Organoleptic testing was performed according to the National Standardization 

Agency of Indonesia No: SNI-01-6683-2002 [17], while hedonic testing was conducted according to 

the National Standardization Agency of Indonesia Number: SNI 01-2346-2006 [18]. The hedonic test 

methods were based on BSN [18] according to SNI 01-2346-2006 and sensory testing in fishery 

guidelines. The sensory attributes that were examined were appearance, smell, taste, and texture on a 

9-point scale starting with 1 to 9, with 1 as very unpleasant and 9 very pleasant. 

 

Analysis Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) 

DHA and EPA was done using previous method [B] using gas chromatography. Briefly, lipid was 

initially extracted from the homogenate of nugget with chloroform and methanol mixture and then 

converted to fatty acid methyl esters using 5% hydrochloric methanol. 

 

Proximate analysis 

The proximate analysis was done following the AOAC methods using analytical Nos. 928.08, 950.46, 

920.153, and 960.39 for moisture, protein, fat, and ash contents, respectively [19]. Give the method 

numbers 

 

 

Statistical analysis 

All treatments were carried out in triplicates, and data were processed using analysis of variance 

(ANOVA). Group differences were identified using Tukey’s test. Some non-parametric data were 

analyzed with the Kruskall–Wallis test followed by the Mann–Whitney test using the SPSS software 

(SPSS 17.0 for Windows; SPSS Inc., Chicago, IL, USA). 

 

RESULTS AND DISCUSSIONFigures are missing???????????? 

Liquid smoke characteristics 
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With reference to previous research, this study used distilled, filtrated, and re-distillated liquid 

smoke[20]. Table 1 explains the decrease the total phenol contents, carbonyl contents, and radical 

scavenging activity. Distillation and filtration of liquid smoke might reduce the total phenol content 

from 0.0555 ± 0.0011 to 0.0364 ± 0.0021 that was indicating the loss of 34.41 %, while re-distillation 

decreased phenol content from 0.0555 ± 0.0011 to 0.0164 ± 0.0020 that was represented 70.45 % 

reduction. This may be explained by the loss during the heating process. The phenol and carbonyl 

contents and the radical scavenging activity of the nano encapsulated liquid smoke were the highest 

among the liquid smoke processing types examined. 

 

However, the total phenol content of the liquid smoke in this study was lower than that reported by 

Lombok et al. [21], who showed that total phenol content was around 2.25 % when liquid smoke is 

distilled at a temperature between 100 and 120 °C. Meanwhile, Nithin et al. [2] reported that phenol 

content of liquid smoke derived from coconut shells was only 0.01348 %, slightly lower than the 

findings in this research. The remarkable variation of phenol content in liquid smoke may be 

attributed to the applied raw material and distillation temperature [22], which can affect the liquid 

smoke types. Budaraga et al. [10] reported that phenol and carbonyl contents increased in distilled 

and filtered liquid smoke, providing specific flavour and colour to the fish meat. The liquid smoke 

with a low phenol content in this study might serve as a flavorant only, rather than as antibacterial 

and antioxidant enhancer [22]. 

 

Based on gas chromatography analysis, six PAH compounds were detected: naphthalene, 

acenaphthene, phenanthrene, pyrene, benzo-a-antrazene, and benzo-a-pyrene (Table 2). Four 

compounds were detected in the distilled liquid smoke, five in the filtered smoke, and three 

compounds in the double-distilled liquid smoke. Pyrene content was highest in filtered liquid smoke 

and lowest in the re-distilled type; benzo-a-antrazene and benzo-a-pyrene contents were highest in 

the re-distilled type. As stated by Ledesma et al. [23], polycyclic aromatic hydrocarbons (PAH) is 

carcinogenic and mutagenic compound that should be found in less amount in food. This was linear 

with the statement from World Health Organization, the International Agency for Research on Cancer 

(IARC), the European Food Safety Authority and the US Environmental Protection Agency that PAH 

in smoked meat should be no more than 2 μg/kg as regulated by European Regulation  No. 835/2011 

[23]. Thus, double-distilled liquid smoke is a safer method for producing fewer carcinogenic and 

mutagenic compounds. 

 

Texture 

The hardness of milkfish nuggets is dependent on the different types and concentrations of liquid 

smoke (Figure 1). ANOVA showed an interaction between the type and concentration of liquid smoke 

(p < 0.05). For example, 3 % double-distilled liquid smoke produced the highest hardness. 

Deformation data are presented in Figure 2, which indicates that significant interaction between 

smoke type and concentration can deform the milkfish nuggets. Deformation tended to increase in 

nuggets with a 3 % liquid smoke concentration but decreased at 5 % concentration. The 3 % filtered 

smoke treatment had a higher deformation value than other treatments, but this showed no significant 

difference at 1 % concentration of the re-distilled smoke. 

 

 

There was sort of an interaction between the type and concentration of liquid smoke on the resulting 

nuggets’ gel strength (p< 0.05). Gel strength banding is presented in Figure 3. The filtered and re-

distilled liquid smoke produced nuggets with similar gel strengths. The gel strength increased in 

milkfish nuggets with 3 % liquid smoke concentration but decreased with 5 % liquid smoke 
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concentration. Therefore, milkfish nuggets treated with re-distilled liquid smoke had higher gel 

strengths than those treated with filtered liquid smoke.  

 

Overall, the type and concentration of liquid smoke produced different effects on texture parameters 

(hardness, deformation, and gel strength). The use of liquid smoke can increase the hardness and gel 

strength but decrease deformation. This can partially be explained by the higher phenol content of 

liquid smoke, which cross-links nuggets’ protein molecules and thus enhances the hardness and gel 

strength [24]. Meanwhile, the decreased nugget deformation in all trials could be due to breadcrumbs 

coating the nugget surface since breadcrumbs have a relatively low plastic deformation, so including 

them in the nugget results in lower deformation. 

 

Sensory analysis 

The type and concentration of liquid smoke can significantly affect the organoleptic value of the 

milkfish nuggets (Table 3). Based on the minimum level for acceptable organoleptic score (score > 

7), filtered or re-distilled liquid smoke milkfish nuggets were suitable for consumption. The brown 

colour of nuggets was due to carbonyl compounds reacting with the proteins in a Maillard reaction 

[25]. Thus, appearance generally decreased with increasing concentration of added liquid smoke, as 

the nuggets became darker. As a consequence, the panelists provided much lower score. The highest 

appearance score was recorded in milkfish nuggets with 1 % filtered liquid smoke, similar to the 

milkfish nuggets without liquid smoke (control). 

 

An increase by one percent in the concentration of redistilled liquid smoke contributed the increase 

in the appearance score. This may be explained due to the reduction of the score of smell from 

8.03±1.05 to 7.79±0.85. However, 5 % re-distilled liquid smoke reduced the typical smell of fish but 

increased the smell score of smoke, resulting in low score values. Amazingly, 5 % re-distilled liquid 

smoke received the highest taste score, although they were not significantly different from those of 3 

% re-distilled liquid smoke. The lowest specific sense value was obtained at 5 % liquid smoke 

concentration, because of the strong flavor from smoke. Smoke flavor is generally recognized as safe 

and is considered by both USDA and FDA as a natural flavoring [26]. Liquid smoke can be applied 

as a dip or a drench to color and flavor cooked ready-to-eat meats [27] and added directly to other 

food products such as barbecue sauce, dry crispy snacks, canned baked beans, and canned fish and 

shellfish [28]. In metropolitan areas where the discharge of smoke to the environment is restricted, 

liquid smoke may be substituted [25]. 

 

Hedonic analysis  

 

Overall, milkfish nuggets were preferred with liquid smoke rather than the one without. The average 

value for nuggets containing 5 % liquid smoke was > 7, which is favorable for consumers.  

All milkfish nuggets containing filtered or re-distilled liquid smoke were highly rated on their 

appearance by the panelists; and nuggets with 1 or 3 % re-distilled liquid smoke received an average 

value of 8. The appearance of nuggets with 1 % filtered liquid smoke was higher than that of 3 and 5 

%, but lower than those of 3 % of re-distilled liquid smoke. Milkfish nuggets with 3 or 5 % filtered 

or nano encapsulated liquid smoke and 1 % re-distilled liquid smoke were highly preferred by the 

panelists.  

 

Adding liquid smoke also brings significant effect to the taste of the milkfish nuggets as earlier 

reported by Widiastuti et al. [29]. Three percent re-distilled liquid smoke provided the highest flavor 

value, while the lowest flavor value was achieved by 3 % filtered liquid smoke. As texture preference 
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was observed, nuggets with 5 % filtered liquid smoke provided higher score than those of 1 % and 3 

% (Table 4). Meanwhile, texture of the nuggets containing 3 % re-distilled liquid smoke was the most 

preferred. Though subjective preferences play a large role for most consumers, these findings prove 

empirically that the liquid smoke flavor of milkfish nuggets was preferred by consumers. This finding 

is in line with Martinez and Machado [30], which entails that majority of the consumers indeed liked 

liquid smoke flavouring. 

 

Proximate analysis 

Although liquid smoke concentration does not affect water content, the distilled and filtered liquid 

smoke provided higher value than the double distilled. The water content of all milkfish nuggets 

exceeded the Indonesian National Standards of 60 %. Values in this research were higher than those 

reported by Chen et al. [31], who found that nugget water content varied from 31.60 to 45.27 % in 

the final product due to further frying and heating. However, Suprayitno et al. [11] reported that 

nuggets combined with tofu had a water content of around 61.16–65.45 %. 

 

The type and concentration of liquid smoke affected the protein content of milkfish nuggets (p < 

0.05), with the value ranging from 13.56 to 15.62 % (Table 5). The protein content of milkfish nuggets 

in this research met the Indonesian National Standards, which is > 12 %. This was found to be similar 

to the findings of Lima et al. [32], which reported the protein content of Nile tilapia nuggets to be 

between 12.85 and 16.12 %. Jayasinghe et al. [33] and Sarkar et al. [34] have found higher protein 

contents in fish nuggets, which were around 14.72–20.28 % and 15.5–19.3 %, respectively, attributed 

to addition of high-protein flour and vegetables. Liquid smoke concentration significantly affected 

the fat content of milkfish nuggets, which increased along with the increase in concentration. The fat 

content of milkfish nuggets was 3.17–3.75 %, which is within the Indonesian National Standards 

(maximum of 20 %) but lower than that reported by Jayasinghe et al. [33] and Sarkar et al. [34]. 

 

Amino acid analysis 

Milkfish nugget this study was content essential and non-essential amino acid. Highest amounts of 

non-essential amino acid was found in glutamic acid at a range of 14353.08–19431.07 mg/kg (Table 

6) as well as in lysine  (essential amino acid) at a range of 7577.63–10,385.90 mg/kg. These results 

were higher than those earlier reported by Liputo et al. [35] for large snout goby (Awaous 

melanocephalus) fish nuggets which contained 2410 and 2110 mg/kg glutamic acid and lysine, 

respectively. This is likely because milkfish have higher essential amino acid contents than large 

snout gobies. Why were the 2 components the only ones analyzed? 

 

Determination of EPA and DHA describe analysis in methods 

Borlongan and Benitez [36] reported that milkfish grown in seawater and freshwater contain different 

levels of fatty acids. Milkfish grown in seawater contained higher polyunsaturated fatty acid (PUFA), 

especially omega-3 fatty acids [37]. Wan-Rosli et al. [38] also reported that saltwater-raised fish 

contained higher levels of long-chain omega-3 fatty acids docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) than those raised in freshwater. Docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) are essential nutrients that are fundamental to brain function and 

enhance quality of life and lower the risk of premature death [39]. Because of the high levels of EPA 

and DHA, as shown in Table 7, the use of milkfish as a raw material for nuggets offers health benefits. 

The highest EPA and DHA levels were found in milkfish nuggets with 1 % filtered liquid smoke. As 

shown in Table 7, increasing the concentration of filtered liquid smoke lowered the EPA and DHA 

levels, whereas increasing the concentration of re-distilled liquid smoke increased their levels. This 

data correlated to total phenol data (Table 1) show that distilled and filtered liquid smoke had higher 
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total phenol than doubled distilled liquid smoke. Sufficient amount of phenol is needed for antioxidant 

activity of liquid smoke that prevents the fatty acid content. Too high concentration of phenolic 

compound in distilled and filtered liquid smoke might reduce the antioxidant activity resulted in lower 

EPA and DHA levels.     any reason for this?. State the results before discussing 🡪  

The levels of EPA found were lower than those of large snout goby fish nuggets (Awaous 

melanocephalus), as reported by Liputo et al. [30]: 20.1–37.3 mg/100 g compared with 3130 mg/100 

g. This may likely have been due to the lower lipid contents of milkfish compared with the large snout 

goby (Awaous melanocephalus), reported at 14.43%. 

 

CONCLUSION 

Varying the types and concentrations of liquid smoke was found to significantly affect the hardness, 

deformation, gel strength, and protein and carbohydrate levels, as well as the organoleptic and 

hedonic properties, but had no significant effect on the moisture or fat content of the resulting milkfish 

nuggets (p> 0.05) and based on the the observed parameter, the best treatment was 3 % re-distillation 

liquid smoke. This finding practically reveals the method and composition of milkfish nugget liquid 

which is more likely to have the highest preference for consumers. 
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Figure 1. Hardness of milkfish nuggets with different types and concentrations of liquid smoke. 

Different superscript letter indicate significant difference (P<0.05) 
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Figure 2. Deformation of milkfish nuggets with different types and concentrations of liquid smoke. 

Different superscript letter indicate significant difference (P<0.05) 

 

 
Figure 2. Gell strength of milkfish nuggets with different types and concentrations of liquid smoke. 

Different superscript letter indicate significant difference (P<0.05) 

 

Table 1: Characteristics of liquid smoke obtained using distillation, distillation and filtration, 

and double distillation processes include superscript for the reader to know any significant 

differences that may exist in all tables  

Parameter 

Type of Liquid smoke 

Distilled Only Distilled and Filtered Double distilled 

Total phenol (%) 0.0555 ± 0.0011a 0.0364 ± 0.0021b 0.0164 ± 0.0020c 

Total carbonyl (%) 0.4986 ± 0.0018a 0.4550 ± 0.0035a 0.3776 ± 0.0016a 

Total Radical Scavenging 

Activity (RSA) (%) 
85.5308 ± 0.1211a 71.8322 ± 0.121b 22.5171 ± 0.1211c 

Different letters at the same line indicate significant differences between treatments (P<0.05)  
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Table 2: Polycyclic aromatic hydrocarbon (PAH) contents in distilled, distilled and filtered, 

and double-distilled liquid smoke 

Parameter 
Type of Liquid smoke 

Distilled only Distilled and filtered Double distilled 

Naphthalene (ppm) nd nd nd 

Acenapthane (ppm) nd 1.32 nd 

Phenantrene (ppm) 0.55 0.44 nd 

Pyrene (ppm) 2.07 8.34 2.87 

Benzo@Antrazene (ppm) 2.93 2.43 16.55 

Benzo@Pyrene (ppm) 29.98 8.26 105.79 
Note: nd = not detected add the sd and also see comment above 

 

Table 3: Organoleptic values of milkfish nuggets with different types and concentrations of 

liquid smoke 

Liquid smoke type 
Concentratio

n 

Specification 

Appearance Smell Taste Texture Total 

Control 0% 8.00 ± 0.89a 8.18 ± 0.87a 8.31 ± 0.84a 8.43 ± 0.9a 8.23 ± 0.5a 

Distilled and 

filtered 

1% 8.09 ± 0.93a 7.93 ± 0.86a 7.73 ± 0.83a 7.07 ± 0.83 7.71 ± 0.41b 

3% 7.39 ± 0.87b 7.54 ± 1.00b 7.07 ± 0.93b 7.1 ± 0.95b 7.29 ± 0.62c 

5% 7.27 ± 0.83b 7.42 ± 0.86b 6.79 ± 1.10c 7.48 ± 1.17b 7.24 ± 0.45c 

Double distilled 

1% 7.8 ± 1.01a 8.03 ± 1.05a 8.08 ± 1.18a 7.13 ± 0.91b 7.76 ± 0.45b 

3% 7.12 ± 1.04b 7.26 ± 0.79b 7.37 ± 0.89b 7.83 ± 0.78a 7.39 ± 0.54c 

5% 7.87 ± 0.94a 7.79 ± 0.85a 8.09 ± 0.89a 8.46 ± 1.13a 8.05 ± 0.56a 

Different letters at the same row indicate significant differences between treatments (P<0.05)  

 

Table 4: Hedonic scale of milkfish nuggets with varying type and concentration of liquid smoke 

Liquid 

smoke type 

Concentrati

on 

Specification 
TOTAL 

Appearance Color Smell Taste Texture 

Control 0% 7.52 ± 0.67a 7.62 ± 0.88a 

7.52 ± 

0.82a 

7.24 ± 

0.71b 7.53 ± 0.5a 7.49 ± 0.39b 

Distilled and 

filtered 

1% 7.34 ± 0.52a 7.57 ± 0.65a 

7.17 ± 

0.55b 

7.07 ± 

0.83b 7.06 ± 0.69b 7.24 ± 0.37b 

3% 7.12 ± 0.67b 7.4 ± 0.56b 

7.01 ± 

0.79b 

7.29 ± 

0.74b 7.07 ± 0.68b 7.18 ± 0.38b 

5% 7.14 ± 0.55b 7.77 ± 0.91a 

6.98 ± 

0.79b 

7.51 ± 

0.67a 7.11 ± 0.55b 7.30 ± 0.42b 

Double 

distilled 

1% 7.39 ± 0.77b 7.37 ± 1.18b 

7.32 ± 

1.00b 

7.13 ± 

0.78b 7.36 ± 0.57a 7.31 ± 0.57b 

3% 7.58 ± 0.79a 7.86 ± 0.76a 7.6 ± 0.79a 

7.95 ± 

1.09a 7.52 ± 0.52a 7.70 ± 0.42a 

5% 7.26 ± 0.79b 7.36 ± 0.69b 

7.39 ± 

1.19b 7.1 ± 0.77b 7.14 ± 1.26b 7.25 ± 0.52b 

Different letters at the same row indicate significant differences between treatments (P<0.05)  
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Table 5: Proximate content of milkfish nuggets with different types and concentrations of liquid 

smoke 

Liquid smoke 

type Conc. 
Parameter 

Water (%) Protein (%) Fat (%) Ash (%) Carbohydrate (%) 

Control 0% 61.03 ± 0.38 13.563 ± 0.19 4.65 ± 0.17 2.57 ± 0.23 11.29 ± 1.42 

Distilled and 

filtered 
1% 64.49 ± 1,10A 14.77 ± 0,22ab  3.43 ± 0.09Bp  1.58 ± 0.13Bp 11.52 ± 1,90d 

3% 63.32 ± 0,55A 15.62 ± 0,2a 3.75 ± 0.07Bpq 1.29 ± 0.17Bp 12.86 ± 0,11bcd 

5% 63.40 ± 1,27A 13.75 ± 0,16bc 3.28 ± 0.1Bq 1.63 ± 0.22Bq 13.90 ± 0,88bcd 

Double distilled 
1% 60.62 ± 0,43B 13.77 ± 0,18b 3.17 ± 0.03Bp 1.69 ± 0.23Bp 17.11 ± 0,84a 

3% 60.62 ± 0,43B 15.48 ± 0.77a 3.68 ± 0.18Bpq 1.16 ± 0.12Bp 15.23 ± 2,07bcd 

5% 60.65 ± 2B 14.54 ± 0.32ab 3.72 ± 0.56Bq 2 ± 0.5Bq 14.75 ± 0,28ab 

Different capital letters (A, B) in the same column indicates significant differences in the type of liquid smoke (p< 0.05); different 

lowercase letters (p, q) in the same column indicates significant difference in concentration; different letters (a, b, c) in the same column 

indicates significant differences in the combination of the kind of liquid smoke and concentration. 

 

Table 6: Amino acid concentrations of milkfish nuggets with different types and concentrations 

of liquid smoke 
NO Amino Acid (mg/kg) Control Distilled and filtered Double distilled 

1% 3% 5% 1% 3% 5% 

1 Glysine 4396.12 4697.62 3497.21 4029.01 3663.04 3348.07 4828.60 

2 L-Alanin 5267.70 5384.34 4275.04 4213.49 4365.61 4116.54 4747.38 

3 L-Arginin 4656.05 5267.02 3633.20 4620.16 3936.76 3337.57 5236.54 

4 L-Aspartad acid 8095.65 8428.30 6666.51 6297.52 6985.28 6438.94 6595.33 

5 L-Glutamic acid 17236.49 19431.07 15187.63 14353.08 16167.59 16812.50 15817.1

5 

6 L-Fenilalanin 3645.75 3897.67 2708.07 3614.36 3007.29 2776.10 4507.05 

7 L-Histidin 3364.61 3343.61 2675.53 3210.67 2716.54 2512.84 3809.36 

8 L-Isoleusin 3910.46 3904.30 3128.24 3190.11 3085.74 2997.54 4034.14 

9 L-Leusin 7072.61 7615.43 5804.83 6266.61 5958.90 2997.54 7369.02 

10 L-Lysine HCl 9869.78 10385.90 8241.22 7577.63 8606.18 7801.65 7960.78 

11 L-Prolin 3858.03 4268.01 3346.93 3427.01 3530.16 3740.68 4224.14 

12 L-Serin 3800.41 3701.79 2925.58 3159.27 2956.93 2923.89 4017.61 

13 L-Threonin 4184.42 4101.84 3275.54 3159.27 3134.65 3149.98 4396.22 

14 L-Tirosin 2896.62 2562.10 2148.71 2449.14 1981.70 2174.90 3195.77 

15 L-Valin 4414.64 4410.33 3585.09 3604.73 3526.37 3430.33 4452.76 

 

 

Table 7: EPA and DHA of milkfish nuggets with different types and concentrations of liquid 

smoke 

Liquid smoke type 
Concentration 

Fatty Acid (mg/100 g) 

EPA DHA 

Control 0% 29.85 44.55 

Distilled and filtered 1% 37.3 53.1 

3% 20.1 28.3 
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5% 26.5 38.9 

Double distilled  1% 27.3 37.9 

3% 26.2 36.1 

5% 29.95 42.0 
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 1 

PHYSICOCHEMICAL CHANGES AND SENSORY QUALITY OF LIQUID SMOKED 2 

MILKFISH NUGGETS 3 

 4 

 5 

ABSTRACT   6 

 7 

Liquid smoke method is an alternative to traditional smoking techniques, which aims to reduce 8 

polycyclic aromatic hydrocarbon (PAH) levels in the final product by degrading cellulose, 9 

hemicellulose, and lignin during pyrolysis of wood using a high-temperature combustion process. 10 

This study aims to determine the effects of varying the type and concentration of liquid smoke on 11 

the sensory and proximal characteristics of milkfish nuggets, depending on the hardness, 12 

deformation, gel strength, organoleptic, and proximate testing. Parametric data were utilized for 13 

variance analysis and Tukey’s test. Non-parametric data, such as organoleptic and hedonic data, 14 

were analyzed using the Kruskall–Wallis test and the Mann–Whitney test. Varying the types and 15 

concentrations of liquid smoke was found to significantly affect the hardness, deformation, gel 16 

strength, and protein and carbohydrate levels, as well as the organoleptic and hedonic properties (P 17 

< 0.05), but had no significant effect on the moisture or fat content of the resulting milkfish nuggets 18 

(P > 0.05). The best treatment was found to be 3 % re-distillation liquid smoke. Overall, the 19 

organoleptic and hedonic properties of milkfish nuggets processed with filtered and double-distilled 20 

liquid smoke were acceptable. Moreover, determining the type and concentration of liquid smoke is 21 

crucial in the physical and chemical properties of milkfish nuggets. Furthermore, milkfish nuggets 22 

were found to contain essential amino acids and fatty acids, which can be obtained when 3 % re-23 

distilled liquid smoke is utilized to produce milkfish nuggets. This finding practically reveals the 24 

method and composition of milkfish nugget liquid which is more likely to have the highest 25 

preference for consumers and  may open the opportunity for the food industry to develop more 26 

derivative products from fish. 27 

 28 

Key words: Liquid smoke, Milkfish nuggets, Texture, DHA, EPA, Proximate 29 

 30 

INTRODUCTION  31 

Smoking has been a traditional method to preserve fresh fish [1]. In Semarang Indonesia, being a 32 

coastal region, smoking has been used as a primary food processing method as it adds some unique 33 

flavor and colour to their products, which can be attributed to compounds such as formaldehyde, 34 

carboxylic acids, and phenols [2]. As a national industry, the production of smoked fish in Central 35 

Java Province has reached 5 tons per day [3] from 0.5 million tons daily fish production in the 36 

province [4]; this is proof that the government highly supports the smoked fish producers [5]. There 37 

are several smoking methods in use in Indonesia, and this includes a variety of applied wood such 38 

as “kesambi wood,” which is known to produce traditional “sei” smoked beef [6]. Smoking 39 

methods like the kiln model are also utilized to enhance the flavor of the food, not compromising its 40 

healthy features [7]. 41 

 42 

Polycyclic aromatic hydrocarbons (PAHs) mainly exist in smoke, which is the largest class of 43 

chemical compounds, containing two or more fused aromatic rings made up of carbon and 44 

hydrogen atoms, and they are often categorized as genotoxic agents [8]. PAHs are formed during 45 

the incomplete combustion processes that may occur whenever wood, coal, or oil are burnt [8], 46 

most consumers are aware of their toxicity and carcinogenic activity [7].  47 

 48 
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Liquid smoke method may be an opportunity to reduce PAH levels in the final product since the 49 

degradation of cellulose, hemicellulose, and lignin occurs during pyrolysis of wood using a high-50 

temperature combustion process [9]. Liquid smoke is applied in various foods like fruits and 51 

vegetables to produce a unique taste and to lengthen their shelf life due to flavour enhancement and 52 

antibacterial properties [10].  53 

 54 

There is still limited literature on the study of liquid smoke in derivative products, such as fish 55 

nuggets. Fish nuggets can be varied, which may enhance consumer preference to fish product [11]. 56 

It can also be combined with other ingredients including local leaves [12], with its edible waste fish 57 

product re-utilized [13]. Furthermore, fish products may help in curbing the demand for food with 58 

high nutritional value [14]. This study has analyzed how liquid smoke method can affect the quality 59 

of fish nugget.  60 

MATERIALS AND METHODS 61 

Materials 62 

Milkfish (weight 250 ± 25 g) were obtained from a fish culture in the north part of Semarang city. 63 

With the help from the Marine Science Techno Park, Diponegoro University, liquid smoke method 64 

was utilized from coconut shells. In manufacturing nuggets, flour, breadcrumbs, pepper, and onions 65 

were purchased and used. For proximate analysis, H2SO4, HCl, NaOH, HCl, HBrO3, and N-hexane 66 

were used. A stainless steel knife, food processor, and steamer from a local manufacturer were 67 

utilized for the production of fish nuggets. Texture analysis was conducted in the Fisheries and 68 

Marine Sciences Faculty, Diponegoro University. Proximate analysis was conducted using an oven, 69 

Kjeldahl apparatus, Soxhlet apparatus, and furnace coming from the Central Laboratory for 70 

Research and Services, Diponegoro University. 71 

  72 

Liquid smoke analysis 73 

The total phenol content of the liquid smoke was measured using the Folin–Ciocalteu method as 74 

described by Amin et al. [15], with slight modifications and expressed as gallic acid equivalent. 75 

Estimation of total carbonyl content was done according to JECFA [16] with slight modifications.  76 

 77 

Analysis of PAH  78 

Homogenized samples were hydrolyzed with a solution of potassium hydroxide in ethanol and 79 

extracted with cyclohexane. The cyclohexane solution was washed with water and with a mix of 80 

methanol and water, then re-extracted with an N, N-dimethylformamide/water (9:1) blend, and then 81 

repeatedly extracted with cyclohexane. After cyclohexane solution purification on Silica SPE 82 

column, the sample was concentrated and analyzed on an Agilent Model 6890 gas chromatograph 83 

equipped with the mass selective detector Model 5973 [9]. 84 

 85 

Preparation of milkfish nuggets 86 

The filleted milkfish were ground into a pulverized meat, seasoned with pepper, onion, salt, and 87 

pulverized refined sugar. The dough was prepared by mixing minced fish, spices, flour, and liquid 88 

smoke at concentrations of 1, 3, and 5 %. The dough was steamed for 30 min and then cooled for 20 89 

min before getting smeared with butter and in a breadcrumb mixture. The nuggets were stored at 4 90 

°C for analysis the next day. The liquid smoke was tested for total phenol, total carbonyl, total 91 

radical scavenging activity, and PAH components. The milkfish nuggets were tested for hardness, 92 

deformation, and gel strength, as well as sensory evaluation, which is an organoleptic and hedonic 93 

test. Proximate analysis, i.e., water, protein, fat, ash, and carbohydrate contents, was also 94 

performed. 95 

 96 
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Textural analysis 97 

The textural analysis consisted of hardness, deformation, and gel strength testing and was 98 

performed for nugget banding using a texture analyzer (Model TA Plus, Lloyd Instruments, 99 

London, UK). Samples of milkfish nuggets with the size of 2.5 x 2x0.5 cm each were prepared for 100 

textural analysis. A 5 mm probe ball was used, and the texture analyzer was set to 60 mm/min. Gel 101 

strength (gf.cm) was calculated by the multiplying violence (gf) and deformation (cm). 102 

 103 

Hedonic test 104 

The hedonic test methods were based on BSN [18] according to SNI 01-2346-2006 and sensory 105 

testing in fishery guidelines. The sensory attributes that were examined were appearance, smell, 106 

taste, and texture on a 9-point scale starting with 1 to 9, with 1 as very unpleasant and 9 very 107 

pleasant. 108 

 109 

Sensory analysis 110 

A panel of 30 trained staff as the panelist assessed the organoleptic and hedonic properties of the 111 

milkfish nuggets. Organoleptic testing was performed according to the National Standardization 112 

Agency of Indonesia No: SNI-01-6683-2002 [17], while hedonic testing was conducted according 113 

to the National Standardization Agency of Indonesia Number: SNI 01-2346-2006 [18]. 114 

 115 

Proximate analysis 116 

The proximate analysis (moisture, protein, fat, ash, and carbohydrate) was done following the 117 

AOAC methods [19]. 118 

 119 

Statistical analysis 120 

All treatments were carried out in triplicates, and data were processed using analysis of variance 121 

(ANOVA). Group differences were identified using Tukey’s test. Some non-parametric data were 122 

analyzed with the Kruskall–Wallis test followed by the Mann–Whitney test using the SPSS 123 

software (SPSS 17.0 for Windows; SPSS Inc., Chicago, IL, USA). 124 

 125 

RESULTS AND DISCUSSION 126 

Liquid smoke characteristics 127 

With reference to previous research, this study used distilled, filtrated, and re-distillated liquid 128 

smoke[20]. Table 1 to decrease the total phenol contents, carbonyl contents, and radical scavenging 129 

activity. Distillation and filtration of liquid smoke decreased the total phenol content by 34.41 %, 130 

while re-distillation decreased phenol content by 70.45 %. This may be explained by the loss during 131 

the heating process. The phenol and carbonyl contents and the radical scavenging activity of the 132 

nano encapsulated liquid smoke were the highest among the liquid smoke processing types 133 

examined. 134 

 135 

However, the total phenol content of the liquid smoke in this study was lower than that reported by 136 

Lombok et al. [21], who showed that total phenol content was around 2.25 % when liquid smoke is 137 

distilled at a temperature between 100 and 120 °C. Meanwhile, Nithin et al. [2] reported that phenol 138 

content of liquid smoke derived from coconut shells was only 0.01348 %, slightly lower than the 139 

findings in this research. The remarkable variation of phenol content in liquid smoke may be 140 

attributed to the applied raw material and distillation temperature [22], which can affect the liquid 141 

smoke types. Budaraga et al. [10] reported that phenol and carbonyl contents increased in distilled 142 

and filtered liquid smoke, providing specific flavour and colour to the fish meat. The liquid smoke 143 
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with a low phenol content in this study might serve as a flavorant only, rather than as antibacterial 144 

and antioxidant enhancer [22]. 145 

 146 

Based on gas chromatography analysis, six PAH compounds were detected: naphthalene, 147 

acenaphthene, phenanthrene, pyrene, benzo-a-antrazene, and benzo-a-pyrene (Table 2). Four 148 

compounds were detected in the distilled liquid smoke, five in the filtered smoke, and three 149 

compounds in the double-distilled liquid smoke. Pyrene content was highest in filtered liquid smoke 150 

and lowest in the re-distilled type; benzo-a-antrazene and benzo-a-pyrene contents were highest in 151 

the re-distilled type. As stated by Ledesma et al. [23], polycyclic aromatic hydrocarbons (PAH) is 152 

carcinogenic and mutagenic compound that should be found in less amount in food. This was linear 153 

with the statement from World Health Organization, the International Agency for Research on 154 

Cancer (IARC), the European Food Safety Authority and the US Environmental Protection Agency 155 

that PAH in smoked meat should be no more than 2 μg/kg as regulated by European Regulation  156 

No. 835/2011 [23]. Thus, double-distilled liquid smoke is a safer method for producing fewer 157 

carcinogenic and mutagenic compounds. 158 

 159 

Texture 160 

The hardness of milkfish nuggets is dependent on the different types and concentrations of liquid 161 

smoke (Figure 1). ANOVA showed an interaction between the type and concentration of liquid 162 

smoke (p < 0.05). For example, 3 % double-distilled liquid smoke produced the highest hardness. 163 

Deformation data are presented in Figure 2, which indicates that significant interaction between 164 

smoke type and concentration can deform the milkfish nuggets. Deformation tended to increase in 165 

nuggets with a 3 % liquid smoke concentration but decreased at 5 % concentration. The 3 % filtered 166 

smoke treatment had a higher deformation value than other treatments, but this showed no 167 

significant difference at 1 % concentration of the re-distilled smoke. 168 

 169 

 170 

There was sort of an interaction between the type and concentration of liquid smoke on the resulting 171 

nuggets’ gel strength (p< 0.05). Gel strength banding is presented in Figure 3. The filtered and re-172 

distilled liquid smoke produced nuggets with similar gel strengths. The gel strength increased in 173 

milkfish nuggets with 3 % liquid smoke concentration but decreased with 5 % liquid smoke 174 

concentration. Therefore, milkfish nuggets treated with re-distilled liquid smoke had higher gel 175 

strengths than those treated with filtered liquid smoke.  176 

 177 

Overall, the type and concentration of liquid smoke produced different effects on texture parameters 178 

(hardness, deformation, and gel strength). The use of liquid smoke can increase the hardness and gel 179 

strength but decrease deformation. This can partially be explained by the higher phenol content of 180 

liquid smoke, which cross-links nuggets’ protein molecules and thus enhances the hardness and gel 181 

strength [24]. Meanwhile, the decreased nugget deformation in all trials could be due to 182 

breadcrumbs coating the nugget surface since breadcrumbs have a relatively low plastic 183 

deformation, so including them in the nugget results in lower deformation. 184 

 185 

Sensory analysis 186 

The type and concentration of liquid smoke can significantly affect the organoleptic value of the 187 

milkfish nuggets (Table 3). Based on the minimum level for acceptable organoleptic score (score > 188 

7), filtered or re-distilled liquid smoke milkfish nuggets were suitable for consumption. The brown 189 

colour of nuggets was due to carbonyl compounds reacting with the proteins in a Maillard reaction 190 

[25]. Thus, appearance generally decreased with increasing concentration of added liquid smoke, as 191 
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the nuggets became darker. As a consequence, the panelists provided much lower score. The 192 

highest appearance score was recorded in milkfish nuggets with 1 % filtered liquid smoke, similar 193 

to the milkfish nuggets without liquid smoke (control). 194 

 195 

An increase by one percent in the concentration of redistilled liquid smoke contributed the increase 196 

in the appearance score. This may be explained due to the reduction of the score of smell from 197 

8.03±1.05 to 7.79±0.85. However, 5 % re-distilled liquid smoke reduced the typical smell of fish 198 

but adversely increased the smell score of smoke, resulting in low score values. Amazingly, 5 % re-199 

distilled liquid smoke received the highest taste score, although they were not significantly different 200 

from those of 3 % re-distilled liquid smoke. The lowest specific sense value was obtained at 5 % 201 

liquid smoke concentration, because of the strong flavor from smoke. Smoke flavor is generally 202 

recognized as safe and is considered by both USDA and FDA as a natural flavoring [26]. Liquid 203 

smoke can be applied as a dip or a drench to color and flavor cooked ready-to-eat meats [27] and 204 

added directly to other food products such as barbecue sauce, dry crispy snacks, canned baked 205 

beans, and canned fish and shellfish [28]. In metropolitan areas where the discharge of smoke to the 206 

environment is restricted, liquid smoke may be substituted [25]. 207 

 208 

Hedonic analysis  209 

 210 

Overall, milkfish nuggets were preferred with liquid smoke rather than the one without. The 211 

average value for nuggets containing 5 % liquid smoke was > 7, which is favorable for consumers.  212 

All milkfish nuggets containing filtered or re-distilled liquid smoke were highly rated on their 213 

appearance by the panelists; and nuggets with 1 or 3 % re-distilled liquid smoke received an 214 

average value of 8. The appearance of nuggets with 1 % filtered liquid smoke was higher than that 215 

of 3 and 5 %, but lower than those of 3 % of re-distilled liquid smoke. Milkfish nuggets with 3 or 5 216 

% filtered or nano encapsulated liquid smoke and 1 % re-distilled liquid smoke were highly 217 

preferred by the panelists.  218 

 219 

Adding liquid smoke also brings significant effect to the taste of the milkfish nuggets as earlier 220 

reported by Widiastuti et al. [29]. Three percent re-distilled liquid smoke provided the highest 221 

flavor value, while the lowest flavor value was achieved by 3 % filtered liquid smoke. As texture 222 

preference was observed, nuggets with 5 % filtered liquid smoke provided higher score than those 223 

of 1 % and 3 % (Table 4). Meanwhile, texture of the nuggets containing 3 % re-distilled liquid 224 

smoke was the most preferred. Though subjective preferences play a large role for most consumers, 225 

these findings prove empirically that the liquid smoke flavor of milkfish nuggets was preferred by 226 

consumers. This finding is in line with Martinez and Machado [30], which entails that majority of 227 

the consumers indeed liked liquid smoke flavouring. 228 

 229 

Proximate analysis 230 

Although liquid smoke concentration does not affect water content, the distilled and filtered liquid 231 

smoke provided higher value than the double distilled. The water content of all milkfish nuggets 232 

exceeded the Indonesian National Standards of 60 %. Values in this research were higher than those 233 

reported by Chen et al. [31], who found that nugget water content varied from 31.60 to 45.27 % in 234 

the final product due to further frying and heating. However, Suprayitno et al. [11] reported that 235 

nuggets combined with tofu had a water content of around 61.16–65.45 %. 236 

 237 

The type and concentration of liquid smoke affected the protein content of milkfish nuggets (p < 238 

0.05), with the value ranging from 13.56 to 15.62 % (Table 5). The protein content of milkfish 239 
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nuggets in this research met the Indonesian National Standards, i.e., > 12 %. This was found to be 240 

similar to the findings of Lima et al. [32], which reported the protein content of Nile tilapia nuggets 241 

to be between 12.85 and 16.12 %. Jayasinghe et al. [33] and Sarkar et al. [34] have found higher 242 

protein contents in fish nuggets, which were around 14.72–20.28 % and 15.5–19.3 %, respectively, 243 

attributed to addition of high-protein flour and vegetables. Liquid smoke concentration significantly 244 

affected the fat content of milkfish nuggets, which increased along with the increase in 245 

concentration. The fat content of milkfish nuggets was 3.17–3.75 %, which is within the Indonesian 246 

National Standards (maximum of 20 %) but lower than that reported by Jayasinghe et al. [33] and 247 

Sarkar et al. [34]. 248 

 249 

Amino acid analysis 250 

Glutamic acid was found in highest amounts at a range of 14353.08–19431.07 mg/kg (Table 6). 251 

High values were also found in lysine at 7577.63–10,385.90 mg/kg. These results were higher than 252 

those earlier reported by Liputo et al. [35] for large snout goby (Awaous melanocephalus) fish 253 

nuggets which contain 2410 and 2110 mg/kg glutamic acid and lysine, respectively. This is likely 254 

because milkfish have higher essential amino acid contents than large snout gobies. 255 

 256 

Determination of EPA and DHA  257 

Borlongan and Benitez [36] reported that milkfish grown in seawater and freshwater contain 258 

different levels of fatty acids. Milkfish grown in seawater contained higher polyunsaturated fatty 259 

acid (PUFA), especially omega-3 fatty acids [37]. Wan-Rosli et al. [38] also reported that saltwater-260 

raised fish contained higher levels of long-chain omega-3 fatty acids docosahexaenoic acid (DHA) 261 

and eicosapentaenoic acid (EPA) than those raised in freshwater. DHA and EPA are essential 262 

nutrients that are fundamental to brain function and enhance quality of life and lower the risk of 263 

premature death [39]. Because of the high levels of EPA and DHA, as shown in Table 7, the use of 264 

milkfish as a raw material for nuggets offers health benefits. The highest EPA and DHA levels were 265 

found in milkfish nuggets with 1 % filtered liquid smoke. As shown in Table 7, increasing the 266 

concentration of filtered liquid smoke lowered the EPA and DHA levels, whereas increasing the 267 

concentration of re-distilled liquid smoke increased their levels.  268 

 269 

The levels of EPA found were lower than those of large snout goby fish nuggets (Awaous 270 

melanocephalus), as reported by Liputo et al. [30]: 20.1–37.3 mg/100 g compared with 3130 271 

mg/100 g. This may likely have been due to the lower lipid contents of milkfish compared with the 272 

large snout goby (Awaous melanocephalus), reported at 14.43%. 273 

 274 

CONCLUSION 275 

This study aims to determine the effects of varying the type and concentration of liquid smoke on 276 

the sensory and proximal characteristics of milkfish nuggets, depending on the hardness, 277 

deformation, gel strength, organoleptic, and proximate testing. Varying the types and concentrations 278 

of liquid smoke was found to significantly affect the hardness, deformation, gel strength, and 279 

protein and carbohydrate levels, as well as the organoleptic and hedonic properties (p< 0.05), but 280 

had no significant effect on the moisture or fat content of the resulting milkfish nuggets (p> 0.05). 281 

The best treatment was found to be 3 % re-distillation liquid smoke. Overall, the organoleptic and 282 

hedonic properties of milkfish nuggets processed with filtered and double-distilled liquid smoke 283 

were acceptable. Moreover, determining the type and concentration of liquid smoke is crucial in the 284 

physical and chemical properties of milkfish nuggets. Furthermore, milkfish nuggets were found to 285 

contain essential amino acids and fatty acids, which can be obtained when 3 % re-distilled liquid 286 

smoke is utilized to produce milkfish nuggets. Overall, the findings showed that types and 287 
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concentrations of liquid smoke might have affected the physical and chemical properties of milkfish 288 

nuggets. Milkfish nuggets were found to contain essential amino and fatty acids, and the most 289 

favorable properties were obtained when 3 % re-distilled liquid smoke were utilized to produce 290 

milkfish nuggets. This finding practically reveals the method and composition of milkfish nugget 291 

liquid which is more likely to have the highest preference for consumers 292 

 293 
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 298 

Table 1: Characteristics of liquid smoke that was obtained using distillation, distillation and 299 

filtration, and double distillation processes 300 

Parameter 

Type of Liquid smoke 

Distilled Only Distilled and Filtered Double distilled 

Total phenol (%) 0.0555 ± 0.0011 0.0364 ± 0.0021 0.0164 ± 0.0020 

Total carbonyl (%) 0.4986 ± 0.0018 0.4550 ± 0.0035 0.3776 ± 0.0016 

Total Radical Scavenging 

Activity (RSA) (%) 
85.5308 ± 0.1211 71.8322 ± 0.121 22.5171 ± 0.1211 

 301 

Table 2: Polycyclic aromatic hydrocarbon (PAH) contents in distilled, distilled and filtered, 302 

and double-distilled liquid smoke 303 

Parameter 
Type of Liquid smoke 

Distilled only Distilled and filtered Double distilled 

Naphthalene (ppm) nd nd nd 

Acenapthane (ppm) nd 1.32 nd 

Phenantrene (ppm) 0.55 0.44 nd 

Pyrene (ppm) 2.07 8.34 2.87 

Benzo@Antrazene (ppm) 2.93 2.43 16.55 

Benzo@Pyrene (ppm) 29.98 8.26 105.79 
Note: nd = not detected 304 
 305 

Table 3: Organoleptic values of milkfish nuggets with different types and concentrations of 306 

liquid smoke 307 

Liquid smoke type Concentration 

Specification 

Appearance Smell Taste Texture Total 

Control 0% 8.00 ± 0.89 8.18 ± 0.87 8.31 ± 0.84 8.43 ± 0.9 7.51 ± 0.5 

Distilled and filtered 

1% 8.09 ± 0.93 7.93 ± 0.86 7.73 ± 0.83 7.07 ± 0.83 7.71 ± 0.41 

3% 7.39 ± 0.87 7.54 ± 1.00 7.07 ± 0.93 7.1 ± 0.95 7.29 ± 0.62 

5% 7.27 ± 0.83 7.42 ± 0.86 6.79 ± 1.10 7.48 ± 1.17 7.24 ± 0.45 

Double distilled 

1% 7.8 ± 1.01 8.03 ± 1.05 8.08 ± 1.18 7.13 ± 0.91 7.76 ± 0.45 

3% 7.12 ± 1.04 7.26 ± 0.79 7.37 ± 0.89 7.83 ± 0.78 7.39 ± 0.54 

5% 7.87 ± 0.94 7.79 ± 0.85 8.09 ± 0.89 8.46 ± 1.13 8.05 ± 0.56 

 308 

Table 4: Hedonic scale of milkfish nuggets with varying type and concentration of liquid 309 

smoke 310 
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Liquid smoke 

type 

Concentrati

on 

Specification 
TOTAL 

Appearance Color Smell Taste Texture 

Control 0% 7.52 ± 0.67 7.62 ± 0.88 

7.52 ± 

0.82 7.24 ± 0.71 7.53 ± 0.5 7.49 ± 0.39 

Distilled and 

filtered 

1% 7.34 ± 0.52 7.57 ± 0.65 

7.17 ± 

0.55 7.07 ± 0.83 7.06 ± 0.69 7.24 ± 0.37 

3% 7.12 ± 0.67 7.4 ± 0.56 

7.01 ± 

0.79 7.29 ± 0.74 7.07 ± 0.68 7.18 ± 0.38 

5% 7.14 ± 0.55 7.77 ± 0.91 

6.98 ± 

0.79 7.51 ± 0.67 7.11 ± 0.55 7.30 ± 0.42 

Double distilled 

1% 7.39 ± 0.77 7.37 ± 1.18 7.32 ± 1 7.13 ± 0.78 7.36 ± 0.57 7.31 ± 0.57 

3% 7.58 ± 0.79 7.86 ± 0.76 7.6 ± 0.79 7.95 ± 1.09 7.52 ± 0.52 7.70 ± 0.42 

5% 7.26 ± 0.79 7.36 ± 0.69 

7.39 ± 

1.19 7.1 ± 0.77 7.14 ± 1.26 7.25 ± 0.52 

 311 
 312 

Table 5: Proximate content of milkfish nuggets with different types and concentrations of 313 

liquid smoke 314 

Liquid smoke 

type Conc. 
Parameter 

Water (%) Protein (%) Fat (%) Ash (%) Carbohydrate (%) 

Control 0% 61.03 ± 0.38 13.563 ± 0.19 4.65 ± 0.17 2.57 ± 0.23 11.29 ± 1.42 

Distilled and 

filtered 1% 

64.49 ± 

1,10A 14.77 ± 0,22ab  3.43 ± 0.09Bp  1.58 ± 0.13Bp 11.52 ± 1,90d 

3% 

63.32 ± 

0,55A 15.62 ± 0,2a 3.75 ± 0.07Bpq 1.29 ± 0.17Bp 12.86 ± 0,11bcd 

5% 

63.40 ± 

1,27A 13.75 ± 0,16bc 3.28 ± 0.1Bq 1.63 ± 0.22Bq 13.90 ± 0,88bcd 

Double distilled 

1% 

60.62 ± 

0,43B 13.77 ± 0,18b 3.17 ± 0.03Bp 1.69 ± 0.23Bp 17.11 ± 0,84a 

3% 

60.62 ± 

0,43B 15.48 ± 0.77a 3.68 ± 0.18Bpq 1.16 ± 0.12Bp 15.23 ± 2,07bcd 

5% 60.65 ± 2B 14.54 ± 0.32ab 3.72 ± 0.56Bq 2 ± 0.5Bq 14.75 ± 0,28ab 

Different capital letters (A, B) in the same column indicates significant differences in the type of liquid smoke (p< 0.05); different 315 
lowercase letters (p, q) in the same column indicates significant difference in concentration; different letters (a, b, c) in the same 316 
column indicates significant differences in the combination of the kind of liquid smoke and concentration. 317 
 318 

Table 6: Amino acid concentrations of milkfish nuggets with different types and 319 

concentrations of liquid smoke 320 
NO Amino Acid (mg/kg) Control Distilled and filtered Double distilled 

1% 3% 5% 1% 3% 5% 

1 Lysine 4396.12 4697.62 3497.21 4029.01 3663.04 3348.07 4828.60 

2 L-Alanin 5267.70 5384.34 4275.04 4213.49 4365.61 4116.54 4747.38 

3 L-Arginin 4656.05 5267.02 3633.20 4620.16 3936.76 3337.57 5236.54 

4 L-Aspartad acid 8095.65 8428.30 6666.51 6297.52 6985.28 6438.94 6595.33 

5 L-Glutamic acid 17236.49 19431.07 15187.63 14353.08 16167.59 16812.50 15817.1
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6 L-Fenilalanin 3645.75 3897.67 2708.07 3614.36 3007.29 2776.10 4507.05 

7 L-Histidin 3364.61 3343.61 2675.53 3210.67 2716.54 2512.84 3809.36 

8 L-Isoleusin 3910.46 3904.30 3128.24 3190.11 3085.74 2997.54 4034.14 

9 L-Leusin 7072.61 7615.43 5804.83 6266.61 5958.90 2997.54 7369.02 

10 L-Lysine HCl 9869.78 10385.90 8241.22 7577.63 8606.18 7801.65 7960.78 

11 L-Prolin 3858.03 4268.01 3346.93 3427.01 3530.16 3740.68 4224.14 

12 L-Serin 3800.41 3701.79 2925.58 3159.27 2956.93 2923.89 4017.61 

13 L-Threonin 4184.42 4101.84 3275.54 3159.27 3134.65 3149.98 4396.22 

14 L-Tirosin 2896.62 2562.10 2148.71 2449.14 1981.70 2174.90 3195.77 

15 L-Valin 4414.64 4410.33 3585.09 3604.73 3526.37 3430.33 4452.76 

 321 

 322 

Table 7: EPA and DHA of milkfish nuggets with different types and concentrations of liquid 323 

smoke 324 

Liquid smoke type 
Concentration 

Fatty Acid (mg/100 g) 

EPA DHA 

Control 0% 29.85 44.55 

Distilled and filtered 1% 37.3 53.1 

3% 20.1 28.3 

5% 26.5 38.9 

Double distilled  1% 27.3 37.9 

3% 26.2 36.1 

5% 29.95 42.0 

 325 

 326 
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ABSTRACT 
 
Liquid smoke method is an alternative to traditional smoking techniques, which aims to 
reduce polycyclic aromatic hydrocarbon (PAH) levels in the final product by degrading 
cellulose, hemicellulose, and lignin during pyrolysis of wood using a high-temperature 
combustion process. Research in liquid smoke is readily available in its application on 
raw fish product. However, less information is available in the ready-to-serve-product 
made of fish. Therefore, this study aimed to determine the effects of varying types and 
concentrations of liquid smoke on the sensory and proximate characteristics of milkfish 
nuggets, depending on the hardness, deformation, gel strength, organoleptic, and 
proximate testing. Parametric data were utilized for variance analysis and Tukey’s test. 
Non-parametric data, such as organoleptic and hedonic data, were analyzed using the 
Kruskall–Wallis test and the Mann–Whitney test. Varying types and concentrations of 
liquid smoke were found to significantly affect the hardness, deformation, gel strength, 
and protein and carbohydrate levels, as well as the organoleptic and hedonic properties 
on a 9-point scale starting with 1 to 9, with 1 as very unpleasant and 9 very pleasant (p 
< 0.05), but had no significant effect on the moisture or fat content of the resulting 
milkfish nuggets (p > 0.05). The best treatment was found to be 3 % re-distillation 
liquid smoke. Overall, the organoleptic and hedonic properties of milkfish nuggets 
processed with filtered and double-distilled liquid smoke were acceptable to be applied. 
Moreover, determining the type and concentration of liquid smoke is important 
consideration in the production of milkfish nugget in order to produce best physical and 
chemical qualities. Furthermore, milkfish nuggets were found to contain essential 
amino acids and fatty acids, which can be obtained when 3 % re-distilled liquid smoke 
was utilized to produce milkfish nuggets. This finding practically reveals the method 
and composition of milkfish nugget liquid, which was more likely to have the highest 
preference for consumers and may open the opportunity for the food industry to 
develop more derivative products from fish. 
 
Key words: Liquid smoke, Milkfish nuggets, Texture, DHA, EPA, Proximate 
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INTRODUCTION 
 
Smoking has been a traditional method to preserve fresh fish [1]. In Semarang 
Indonesia, being a coastal region, smoking has been used as a primary food processing 
method as it adds some unique flavor and color to their products, which can be 
attributed to compounds such as formaldehyde, carboxylic acids, and phenols [2]. As a 
national industry, the production of smoked fish in Central Java Province has reached 5 
tons per day from 0.5 million tons [3, 4]; this is proof that the government highly 
supports the smoked fish producers [5]. There are several smoking methods in use in 
Indonesia, and these include a variety of applied wood such as “kesambi wood,” which 
is known to produce traditional “sei” smoked beef [6]. Smoking methods like the kiln 
model are also utilized to enhance the flavor of the food, not compromising its healthy 
features [7]. 
 
Polycyclic aromatic hydrocarbons (PAHs) mainly exist in smoke, which is the largest 
class of chemical compounds, containing two or more fused aromatic rings made up of 
carbon and hydrogen atoms, and they are often categorized as genotoxic agents [8]. 
Polycyclic aromatic hydrocarbons are formed during the incomplete combustion 
processes that may occur whenever wood, coal, or oil are burned [8], most consumers 
are aware of their toxicity and carcinogenic activity [7]. 
 
Liquid smoke method may be an opportunity to reduce PAH levels in the final product 
since the degradation of cellulose, hemicellulose, and lignin occurs during pyrolysis of 
wood using a high-temperature combustion process [9]. Liquid smoke is applied in 
various foods like fruits and vegetables to produce a unique taste and to lengthen their 
shelflife due to flavor enhancement and antibacterial properties [10]. 
 
There is still limited literature on the study of liquid smoke in derivative products, such 
as fish nuggets. While it can also be combined with other ingredients including local 
leaves [12], with its edible waste fish product re-utilized [13], fish nuggets can be 
varied, which may enhance consumer preference to fish product [11]. Furthermore, fish 
products may help in curbing the demand for food with high nutritional value [14]. This 
study has analyzed how liquid smoke method can affect the quality of fish nugget. 
 
MATERIALS AND METHODS 
 
Materials 
Milkfish (weight 250 ± 25 g) were obtained from a fish culture in the northern part of 
Semarang city. With help from the Marine Science Techno Park, Diponegoro 
University, liquid smoke method was utilized from coconut shells. The raw material of 
liquid smoke was coconut shell. The manufacture of liquid smoke was done according 
to the previous method using the pyrolysis method with temperature of 450 ˚C [7]. The 
production of liquid smoke was conducted in manufacturing nuggets, flour, 
breadcrumbs, pepper, and onions were purchased and used. Liquid smoke was added 
during dough making along with flour, breadcrumbs, pepper, and onion. For proximate 
analysis, H2SO4, HCl, NaOH, HCl, HBrO3, and N-hexane were used. Stainless steel 
knife, food processor, and steamer from a local manufacturer were utilized for the 
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production of fish nuggets. Texture analysis was conducted in the Fisheries and Marine 
Sciences Faculty, Diponegoro University. Proximate analysis was conducted using an 
oven, Kjeldahl apparatus, Soxhlet apparatus, and furnace coming from the Central 
Laboratory for Research and Services, Diponegoro University. 
 
Analysis of total phenol content in liquid smoke 
The total phenol content of the liquid smoke was measured using the Folin–Ciocalteu 
method as described by Amin et al. [15], with slight modifications using as gallic acid 
equivalent at a range 0.01%–0.05 %. Estimation of total carbonyl content was done 
according to JECFA [16]. 
 
Analysis of PAH 
Homogenized samples were hydrolyzed with a solution of potassium hydroxide in 
ethanol and extracted with cyclohexane. The cyclohexane solution was washed with 
water and with a mix of methanol and water, then re-extracted with an N, N-
dimethylformamide/water (9:1) blend, and then repeatedly extracted with cyclohexane. 
After cyclohexane solution purification on Silica SPE column, the sample was 
concentrated and analyzed on an Agilent Model 6890 gas chromatograph equipped 
with the mass selective detector Model 5973 [9]. 
 
Preparation of milkfish nuggets 
The filleted milkfish were ground into a pulverized meat, seasoned with pepper, onion, 
salt, and pulverized refined sugar. The dough was prepared by mixing minced fish, 
spices, flour, and liquid smoke at concentrations of 1 %, 3 %, and 5 %. The dough was 
steamed for 30 min and then cooled for 20 min before getting smeared with butter and 
in a breadcrumb mixture. The nuggets were stored at 4 °C for analysis the next day. 
The liquid smoke was tested for total phenol, total carbonyl, total radical scavenging 
activity, and PAH components. The milkfish nuggets were tested for hardness, 
deformation, and gel strength, as well as sensory evaluation, which is an organoleptic 
and hedonic test. Proximate analysis which contains water, protein, fat, ash, and 
carbohydrate contents, was also performed. 
 
Textural analysis 
The textural analysis consisted of hardness, deformation, and gel strength testing and 
was performed for nugget banding using a texture analyzer (Model TA Plus, Lloyd 
Instruments, London, UK). Samples of milkfish nuggets with the size of 2.5 x 2x0.5 cm 
each were prepared for textural analysis. A 5 mm probe ball was used, and the texture 
analyzer was set to 60 mm/min. Gel strength (gf.cm) was calculated by the multiplying 
violence (gf) and deformation (cm). Texture analysis was conducted in the Fisheries 
and Marine Sciences Faculty, Diponegoro University. Proximate analysis was 
conducted using an oven, Kjeldahl apparatus, Soxhlet apparatus, and furnace coming 
from the Central Laboratory for Research and Services, Diponegoro University. 
 
Sensory analysis 
A list of 30 trained staff as the panelists assessed the organoleptic and hedonic 
properties of the milkfish nuggets. Organoleptic testing was performed according to the 
National Standardization Agency of Indonesia No: SNI-01-6683-2002 [17], while 
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hedonic testing was conducted according to the National Standardization Agency of 
Indonesia Number: SNI 01-2346-2006 [18]. The hedonic test methods were based on 
BSN [18] according to SNI 01-2346-2006 and sensory testing in fishery guidelines. 
The sensory attributes that were examined were appearance, smell, taste, and texture on 
a 9-point scale starting with 1 to 9, with 1 as very unpleasant and 9, very pleasant. 
 
Analysis Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) 
Analysis of Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) were done 
using gas chromatography [method B]. Briefly, lipid was initially extracted from the 
homogenate of nugget with chloroform and methanol mixture and then converted to 
fatty acid methyl esters using 5% hydrochloric methanol. 
 
Proximate analysis 
The proximate analysis was done following the AOAC methods using analytical Nos. 
928.08, 950.46, 920.153, and 960.39 for moisture, protein, fat, and ash contents, 
respectively [19]. 
 
Statistical analysis 
All treatments were carried out in triplicates, and data were processed using analysis of 
variance (ANOVA). Group differences were identified using Tukey’s test. Some non-
parametric data were analyzed with the Kruskall–Wallis test followed by the Mann–
Whitney test using the SPSS software (SPSS 17.0 for Windows; SPSS Inc., Chicago, 
IL, USA). 
 
RESULTS AND DISCUSSION 
 
Liquid smoke characteristics 
With reference to previous research, this study used distilled, filtrated, and re-distillated 
liquid smoke [20]. Table 1 explains the decrease the total phenol contents, carbonyl 
contents, and radical scavenging activity. Distillation and filtration of liquid smoke 
might reduce the total phenol content from 0.0555 ± 0.0011 to 0.0364 ± 0.0021 that 
was indicating the loss of 34.41 %, while re-distillation decreased phenol content from 
0.0555 ± 0.0011 to 0.0164 ± 0.0020, indicating the loss of 70.45%. This may be 
explained by the loss during the heating process. The phenol and carbonyl contents and 
the radical scavenging activity of the nano encapsulated liquid smoke were the highest 
among the liquid smoke processing types examined. 
 
However, the total phenol content of the liquid smoke in this study was lower than that 
reported by Lombok et al. [21], who showed that total phenol content was around 2.25 
% when liquid smoke is distilled at a temperature between 100 and 120 °C. Meanwhile, 
Nithin et al. [2] reported that phenol content of liquid smoke derived from coconut 
shells was only 0.01348 %, slightly lower than the findings in this research. The 
remarkable variation of phenol content in liquid smoke may be attributed to the applied 
raw material and distillation temperature [22], which can affect the liquid smoke types. 
While the liquid smoke with a low phenol content in this study might serve as a 
flavorant only, rather than as antibacterial and antioxidant enhancer [22], Budaraga et 
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al. [10] reported that phenol and carbonyl contents increased in distilled and filtered 
liquid smoke, providing specific flavor and color to the fish meat. 
 
Based on gas chromatography analysis, six PAH compounds were detected: 
naphthalene; acenaphthene; phenanthrene; pyrene; benzo-a-antrazene; and benzo-a-
pyrene (Table 2). Four compounds were detected in the distilled liquid smoke, five in 
the filtered smoke, and three compounds in the double-distilled liquid smoke. Pyrene 
content was highest in filtered liquid smoke and lowest in the re-distilled type; benzo-a-
antrazene and benzo-a-pyrene contents were highest in the re-distilled type. As stated 
by Ledesma et al. [23], PAH are carcinogenic and mutagenic compounds that should be 
found in lower amounts in food. This was linear with the statement from World Health 
Organization, the International Agency for Research on Cancer, the European Food 
Safety Authority, and the US Environmental Protection Agency that PAH in smoked 
meat should be no more than 2 μg/kg as regulated by European Regulation No. 
835/2011 [23]. Thus, double-distilled liquid smoke is a safer method of producing 
fewer carcinogenic and mutagenic compounds. 
 
Texture 
The hardness of milkfish nuggets is dependent on the different types and concentrations 
of liquid smoke (Fig. 1). ANOVA showed an interaction between the type and 
concentration of liquid smoke (p < 0.05). For example, 3% double-distilled liquid 
smoke produced the highest hardness. Deformation data are presented in Fig. 2 which 
indicates that significant interaction between smoke type and concentration can deform 
the milkfish nuggets. Deformation tended to increase in nuggets with a 3 % liquid 
smoke concentration but decreased at 5 % concentration. The 3 % filtered smoke 
treatment had a higher deformation value than other treatments, but this showed no 
significant difference at 1 % concentration of the re-distilled smoke. 
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Figure 1: Hardness of milkfish nuggets containing different types and 

concentrations of liquid smoke 
 

 
Figure 2: Deformation of milkfish nuggets with different types and concentrations 

of liquid smoke 
 
There was some interaction between the type and concentration of liquid smoke on the 
resulting nuggets’ gel strength (p < 0.05). Gel strength banding is presented in Fig. 3. 
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The filtered and re-distilled liquid smoke produced nuggets with similar gel strengths. 
Milkfish nuggets treated with re-distilled liquid smoke had higher gel strengths than 
those treated with filtered liquid smoke, with the gel strength increasing in milkfish 
nuggets with 3% liquid smoke concentration but decreasing with 5 % liquid smoke 
concentration.  

 
 
Figure 3: Gel strength of milkfish nuggets with different types and concentrations 

of liquid smoke 
 
Overall, the type and concentration of liquid smoke produced different effects on 
texture parameters (hardness, deformation, and gel strength). The use of liquid smoke 
can increase the hardness and gel strength but decrease deformation. Meanwhile, the 
decreased nugget deformation in all trials could be due to breadcrumbs coating the 
nugget surface since breadcrumbs have a relatively low plastic deformation, so 
including them in the nugget results in lower deformation, where the decreased 
deformation can partially be explained by the higher phenol content of liquid smoke, 
which cross-links nuggets’ protein molecules to enhance the hardness and gel strength 
[24]. 
 
Sensory analysis 
The type and concentration of liquid smoke can significantly affect the organoleptic 
value of the milkfish nuggets (Table 3). Based on the minimum level for acceptable 
organoleptic score (score > 7), filtered or re-distilled liquid smoke milkfish nuggets 
were suitable for consumption. The brown color of nuggets was due to carbonyl 
compounds reacting with the proteins in a Maillard reaction [25]. Thus, appearance 
generally decreased with increasing concentration of added liquid smoke, as the 
nuggets became darker. As a consequence, the panelists provided much lower score. 
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The highest appearance score was recorded in milkfish nuggets with 1% filtered liquid 
smoke, similar to the milkfish nuggets without liquid smoke (control). 
 
An increase by one per cent in the concentration of re-distilled liquid smoke 
contributed to the increase in the appearance score. This may be explained due to the 
reduction of the score of smell from 8.03±1.05 to 7.79±0.85. However, 5% re-distilled 
liquid smoke reduced the typical smell of fish but increased the smell score of smoke, 
resulting in low score values. Amazingly, 5 % re-distilled liquid smoke received the 
highest taste score, although they were not significantly different from those of 3 % re-
distilled liquid smoke. Smoke flavor is generally recognized as safe and is considered 
by both USDA and FDA as a natural flavoring [26], with the lowest specific sense 
value being obtained at 5 % liquid smoke concentration, because of the strong flavor 
from smoke. Liquid smoke can be applied as a dip or a drench to color and flavor 
cooked ready-to-eat meats [27] and added directly to other food products such as 
barbecue sauce, dry crispy snacks, canned baked beans, and canned fish and shellfish 
[28]. In metropolitan areas where the discharge of smoke to the environment is 
restricted, liquid smoke may be substituted [25]. 
 
Hedonic analysis 
Overall, milkfish nuggets were preferred with liquid smoke rather than the one without. 
The average value for nuggets containing 5 % liquid smoke was > 7, which is favorable 
to consumers. 
 
All milkfish nuggets containing filtered or re-distilled liquid smoke were highly rated 
on their appearance by the panelists; and nuggets with 1% or 3% re-distilled liquid 
smoke received an average value of 8. The appearance of nuggets with 1 % filtered 
liquid smoke was higher than that of 3% and 5%, but lower than those of 3 % of re-
distilled liquid smoke. Milkfish nuggets with 3 % or 5% filtered or nano encapsulated 
liquid smoke, and 1% re-distilled liquid smoke were highly preferred by the panelists. 
 
Adding liquid smoke also brings significant effect to the taste of the milkfish nuggets 
as earlier reported by Widiastuti et al. [29]. Three per cent re-distilled liquid smoke 
provided the highest flavor value, while the lowest flavor value was achieved by 3 % 
filtered liquid smoke. While texture of the nuggets containing 3 % re-distilled liquid 
smoke was the most preferred, as this texture preference was observed, nuggets with 5 
% filtered liquid smoke provided higher score than those of 1 % and 3 % (Table 4). 
Though subjective preferences play a large role for most consumers, these findings 
prove empirically that the liquid smoke flavor of milkfish nuggets was preferred by 
consumers. This finding is in line with Martinez and Machado [30], which confirmed 
that the majority of the consumers indeed liked liquid smoke flavoring. 
 
Proximate analysis 
Although liquid smoke concentration does not affect water content, the distilled and 
filtered liquid smoke provided higher value than the double-distilled. The water content 
of all milkfish nuggets exceeded the Indonesian National Standards of 60 %. Values in 
this research were higher than those reported by Chen et al. [31], who found that 
nugget water content varied from 31.60 % to 45.27 % in the final product due to further 
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frying and heating. However, Suprayitno et al. [11] reported that nuggets combined 
with tofu had a water content of around 61.16 %–65.45 %. 
 
The type and concentration of liquid smoke affected the protein content of milkfish 
nuggets (p < 0.05), with the value ranging from 13.56 % to 15.62 % (Table 5). The 
protein content of milkfish nuggets in this research met the Indonesian National 
Standards, which is > 12 %. This was found to be similar to the findings of Lima et al. 
[32], which reported the protein content of Nile tilapia nuggets to be between 12.85 % 
and 16.12 %. Jayasinghe et al. [33] and Sarkar et al. [34] have found higher protein 
contents in fish nuggets, which were around 14.72%–20.28 % and 15.5%–19.3%, 
respectively, attributed to addition of high-protein flour and vegetables. Fat content of 
milkfish nuggets was 3.17 %–3.75 %, which is within the Indonesian National 
Standards (maximum of 20 %) but lower than that reported by Jayasinghe et al. [33] 
and Sarkar et al. [34], where liquid smoke concentration significantly affected the fat 
content of milkfish nuggets, which increased along with the increase in concentration. 
  
Amino acid analysis 
Milkfish nuggets in this study contain essential and non-essential amino acid. Highest 
amounts of non-essential amino acid were found in glutamic acid at a range of 
14353.08–19431.07 mg/kg (Table 6) as well as in lysine (essential amino acid) at a 
range of 7577.63–10,385.90 mg/kg. These results were higher than those earlier 
reported by Liputo et al. [35] for large snout goby (Awaous melanocephalus) fish 
nuggets, which contained 2410 and 2110 mg/kg glutamic acid and lysine, respectively. 
This is likely because milkfish have higher essential amino acid contents than large 
snout gobies. 
 
Determination of EPA and DHA 
Borlongan and Benitez [36] reported that milkfish grown in seawater and freshwater 
contain different levels of fatty acids. Milkfish grown in seawater contained higher 
polyunsaturated fatty acid (PUFA), specifically omega-3 fatty acids [37]. Wan-Rosli et 
al. [38] also reported that saltwater-raised fish contained higher levels of long-chain 
omega-3 fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) 
than those raised in freshwater. Docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA) are essential nutrients that are fundamental to brain function and enhance 
quality of life and lower the risk of premature death [39]. Because of the high levels of 
EPA and DHA, as shown in Table 7, the use of milkfish as a raw material for nuggets 
offers health benefits. The highest EPA and DHA levels were found in milkfish 
nuggets with 1 % filtered liquid smoke. As shown in Table 7, increasing the 
concentration of filtered liquid smoke lowered the EPA and DHA levels, whereas 
increasing the concentration of re-distilled liquid smoke increased their levels. These 
data correlated with total phenol data (Table 1) show that distilled and filtered liquid 
smoke had higher total phenol than doubled distilled liquid smoke. Sufficient amount 
of phenol is needed for antioxidant activity of liquid smoke that prevents the fatty acid 
content. Phenol levels that are safe for consumption are between 0.02% - 0.1% or 200 
ppm–1000 ppm. 
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In what may likely have been due to the lower lipid contents of milkfish compared with 
the large snout goby (Awaous melanocephalus), reported at 14.43%, the levels of EPA 
found were lower than those of large snout goby fish nuggets (Awaous 
melanocephalus), as reported by Liputo et al. [30]: 20.1–37.3 mg/100 g compared with 
3130 mg/100 g. 
 
CONCLUSION 
 
Varying the types and concentrations of liquid smoke were found to significantly affect 
the hardness, deformation, gel strength, protein, and carbohydrate levels, as well as the 
organoleptic and hedonic properties, but had no significant effect on the moisture or fat 
content of the resulting milkfish nuggets. Based on the observed parameters, the best 
treatment was 3 % re-distillation liquid smoke. This finding practically reveals the 
method and composition of milkfish nugget liquid, which is more likely to have the 
highest preference for consumers. The use of 3% liquid smoke was recommended to be 
applied to the production process of nugget. On the other hand, dissemination & 
education to society should be done continuously in collaboration with the government. 
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Table 1: Characteristics of liquid smoke obtained using distillation, distillation 
and filtration, and double distillation processes include superscript for 
the reader to know any significant differences that may exist in all tables  

 

Parameter 

Type of Liquid smoke 

Distilled Only Distilled and Filtered Double distilled 

Total phenol (%) 0.0555 ± 0.0011a 0.0364 ± 0.0021b 0.0164 ± 0.0020c 

Total carbonyl (%) 0.4986 ± 0.0018a 0.4550 ± 0.0035a 0.3776 ± 0.0016a 

Total Radical Scavenging 

Activity (RSA) (%) 
85.5308 ± 0.1211a 71.8322 ± 0.121b 22.5171 ± 0.1211c 

Different letters at the same line indicate significant differences between treatments (P<0.05)  

 

Table 2: Polycyclic aromatic hydrocarbon (PAH) contents in distilled, distilled 
and filtered, and double-distilled liquid smoke 

 

Parameter 
Type of Liquid smoke 

Distilled only Distilled and filtered Double distilled 

Naphthalene (ppm) nd nd nd 

Acenapthane (ppm) nd 1.32 nd 

Phenantrene (ppm) 0.55 0.44 nd 

Pyrene (ppm) 2.07 8.34 2.87 

Benzo@Antrazene (ppm) 2.93 2.43 16.55 

Benzo@Pyrene (ppm) 29.98 8.26 105.79 

 

Table 3: Organoleptic values of milkfish nuggets with different types and 
concentrations of liquid smoke 

 

Liquid smoke type 
Concentratio

n 

Specification 

Appearance Smell Taste Texture Total 

Control 0% 8.00 ± 0.89a 8.18 ± 0.87a 8.31 ± 0.84a 8.43 ± 0.9a 8.23 ± 0.5a 

Distilled and 

filtered 

1% 8.09 ± 0.93a 7.93 ± 0.86a 7.73 ± 0.83a 7.07 ± 0.83 7.71 ± 0.41b 

3% 7.39 ± 0.87b 7.54 ± 1.00b 7.07 ± 0.93b 7.1 ± 0.95b 7.29 ± 0.62c 

5% 7.27 ± 0.83b 7.42 ± 0.86b 6.79 ± 1.10c 7.48 ± 1.17b 7.24 ± 0.45c 

Double distilled 

1% 7.8 ± 1.01a 8.03 ± 1.05a 8.08 ± 1.18a 7.13 ± 0.91b 7.76 ± 0.45b 

3% 7.12 ± 1.04b 7.26 ± 0.79b 7.37 ± 0.89b 7.83 ± 0.78a 7.39 ± 0.54c 

5% 7.87 ± 0.94a 7.79 ± 0.85a 8.09 ± 0.89a 8.46 ± 1.13a 8.05 ± 0.56a 

Different letters at the same row indicate significant differences between treatments (P<0.05)  
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Table 4: Hedonic scale of milkfish nuggets with varying type and concentration of 
liquid smoke 

 
Liquid 

smoke type 

Concentrati

on 

Specification 
TOTAL 

Appearance Color Smell Taste Texture 

Control 0% 7.52 ± 0.67a 7.62 ± 0.88a 

7.52 ± 

0.82a 

7.24 ± 

0.71b 7.53 ± 0.5a 7.49 ± 0.39b 

Distilled and 

filtered 

1% 7.34 ± 0.52a 7.57 ± 0.65a 

7.17 ± 

0.55b 

7.07 ± 

0.83b 7.06 ± 0.69b 7.24 ± 0.37b 

3% 7.12 ± 0.67b 7.4 ± 0.56b 

7.01 ± 

0.79b 

7.29 ± 

0.74b 7.07 ± 0.68b 7.18 ± 0.38b 

5% 7.14 ± 0.55b 7.77 ± 0.91a 

6.98 ± 

0.79b 

7.51 ± 

0.67a 7.11 ± 0.55b 7.30 ± 0.42b 

Double 

distilled 

1% 7.39 ± 0.77b 7.37 ± 1.18b 

7.32 ± 

1.00b 

7.13 ± 

0.78b 7.36 ± 0.57a 7.31 ± 0.57b 

3% 7.58 ± 0.79a 7.86 ± 0.76a 7.6 ± 0.79a 

7.95 ± 

1.09a 7.52 ± 0.52a 7.70 ± 0.42a 

5% 7.26 ± 0.79b 7.36 ± 0.69b 

7.39 ± 

1.19b 7.1 ± 0.77b 7.14 ± 1.26b 7.25 ± 0.52b 

Different letters at the same row indicate significant differences between treatments (P<0.05)  

 

Table 5: Proximate content of milkfish nuggets with different types and 
concentrations of liquid smoke 

 
Liquid smoke 

type Conc. 
Parameter 

Water (%) Protein (%) Fat (%) Ash (%) Carbohydrate (%) 

Control 0% 61.03 ± 0.38 13.563 ± 0.19 4.65 ± 0.17 2.57 ± 0.23 11.29 ± 1.42 

Distilled and 

filtered 
1% 64.49 ± 1,10A 14.77 ± 0,22ab  3.43 ± 0.09Bp  1.58 ± 0.13Bp 11.52 ± 1,90d 

3% 63.32 ± 0,55A 15.62 ± 0,2a 3.75 ± 0.07Bpq 1.29 ± 0.17Bp 12.86 ± 0,11bcd 

5% 63.40 ± 1,27A 13.75 ± 0,16bc 3.28 ± 0.1Bq 1.63 ± 0.22Bq 13.90 ± 0,88bcd 

Double distilled 1% 60.62 ± 0,43B 13.77 ± 0,18b 3.17 ± 0.03Bp 1.69 ± 0.23Bp 17.11 ± 0,84a 

3% 60.62 ± 0,43B 15.48 ± 0.77a 3.68 ± 0.18Bpq 1.16 ± 0.12Bp 15.23 ± 2,07bcd 

5% 60.65 ± 2B 14.54 ± 0.32ab 3.72 ± 0.56Bq 2 ± 0.5Bq 14.75 ± 0,28ab 

Different capital letters (A, B) in the same column indicates significant differences in the type of liquid smoke 

(p< 0.05); different lowercase letters (p, q) in the same column indicates significant difference in concentration; 

different letters (a, b, c) in the same column indicates significant differences in the combination of the kind of liquid 

smoke and concentration 
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Table 6: Amino acid concentrations of milkfish nuggets with different types and 
concentrations of liquid smoke 

 
NO Amino Acid (mg/kg) Control Distilled and filtered Double distilled 

1% 3% 5% 1% 3% 5% 

1 Glysine 4396.12 4697.62 3497.21 4029.01 3663.04 3348.07 4828.60 

2 L-Alanin 5267.70 5384.34 4275.04 4213.49 4365.61 4116.54 4747.38 

3 L-Arginin 4656.05 5267.02 3633.20 4620.16 3936.76 3337.57 5236.54 

4 L-Aspartad acid 8095.65 8428.30 6666.51 6297.52 6985.28 6438.94 6595.33 

5 L-Glutamic acid 17236.49 19431.07 15187.63 14353.08 16167.59 16812.50 15817.1

5 

6 L-Fenilalanin 3645.75 3897.67 2708.07 3614.36 3007.29 2776.10 4507.05 

7 L-Histidin 3364.61 3343.61 2675.53 3210.67 2716.54 2512.84 3809.36 

8 L-Isoleusin 3910.46 3904.30 3128.24 3190.11 3085.74 2997.54 4034.14 

9 L-Leusin 7072.61 7615.43 5804.83 6266.61 5958.90 2997.54 7369.02 

10 L-Lysine HCl 9869.78 10385.90 8241.22 7577.63 8606.18 7801.65 7960.78 

11 L-Prolin 3858.03 4268.01 3346.93 3427.01 3530.16 3740.68 4224.14 

12 L-Serin 3800.41 3701.79 2925.58 3159.27 2956.93 2923.89 4017.61 

13 L-Threonin 4184.42 4101.84 3275.54 3159.27 3134.65 3149.98 4396.22 

14 L-Tirosin 2896.62 2562.10 2148.71 2449.14 1981.70 2174.90 3195.77 

15 L-Valin 4414.64 4410.33 3585.09 3604.73 3526.37 3430.33 4452.76 

 

 

Table 7: EPA and DHA of milkfish nuggets with different types and 
concentrations of liquid smoke 

 

Liquid smoke type 
Concentration 

Fatty Acid (mg/100 g) 

EPA DHA 

Control 0% 29.85 44.55 

Distilled and filtered 1% 37.3 53.1 

3% 20.1 28.3 

5% 26.5 38.9 

Double distilled  1% 27.3 37.9 

3% 26.2 36.1 

5% 29.95 42.0 

 

 

  



 
 

 https://doi.org/10.18697/ajfand.102.19440  18275 

REFERENCES 

1. Giannoglou M, Evangelopoulou AM, Perikleous N, Baclor C, Tsironi T and 
P Taoukis Time temperature integrators for monitoring the shelf life of ready-to-
eat chilled smoked fish products. Food Packaging and Shelf Life. 2019; 22. 

2. Nithin YR, Niladhri SC, Ananthanarayanan TR, Suseela M, Bindu J and 
TKS Gopal Assessment of efficiency of an indigenous liquid smoke for masmin 
production. Fishery Technology. 2016; 53: 110-114. 

3. Putra YMP Production of Demak smoke five tons per day. Sunday, 2014, 16 
March. https://nasional.republika.co.id/berita/nasional/jawa-tengah-diy-
nasional/14/03/16/n2jal7-produksi-ikan-asap-demak-lima-ton-per-hari Accessed 
September 2019. 

4. BPS (Badan Pusat Statistik). Sea Fisheries Production for Sale in Fish Market. 
Jawa Tengah, 2018. 

5. BI (Bank Indonesia). Small Business Financing (PPUK) Smoked Stingray 
Processing Commodities. Jakarta, 2010. 

6. Widarti SS, Purnomo H and D Rosyidi Study of consumer preferences, 
chemical physical properties and organoleptic values of SEI Meat from Kupang 
(Nusa Tenggara Timur). Sains Peternakan: Jurnal Penelitian Ilmu Peternakan. 
2012; 10(1): 23-29. 

7. Swastawati F, Surti T, Agustini TW and PH Riyadi Quality characteristics of 
smoked fish processed using various methods and types of fish. Jurnal Aplikasi 
Teknologi Pangan. 2013; 2(3): 126-132. 

8. Ciecierska M and M Obiedzinski Influence of smoking process on polycyclic 
aromatic hydrocarbons’ content in meat products. Acta Science Pol. Technology 
Aliment. 2007; 6(4): 17-28. 

9. Desniorita D and M Maryam The effect of adding liquid smoke powder to shelf 
life of sauce. Advanced Science Enginering Information Technology. 2015; 5(6): 
457-459. 

10. Budaraga IK, Arnim Y and BU Marlida Antioxidant Properties of Liquid 
Smoke Cinnamon Production of Variation of Purification and Different 
Concentration. International Journal of Scientific & Technology Research. 2016; 
5(6): 266-273. 

11. Suprayitno E, Sugeng SA and DS Titik Diversification of mackerel tuna 
(Euthynnusaffinis) products as processed fishcake, nugget, cracker, meatball, and 
meat floss products at the TPI Tempursari beach tourism site, Lumajang. IOSR 
Journal of Humanities and Social Science (IOSR-JHSS). 2016; 11(5): 14-17. 



 
 

 https://doi.org/10.18697/ajfand.102.19440  18276 

12. Amalia U, Darmanto YS, Sumardianto and L Rianingsih Chemical 
Characteristics of Fish Nugget with Mangrove Fruit Flour Substitution. Aquatic 
Procedia. 2016; 7: 265-270. 

13. Vázquez JA, Fernández-Compás A, Blanco M, Rodríguez-Amado I, Moreno 
H, Borderías J and RI Pérez-Martín Development of bioprocesses for the 
integral valorisation of fish discards. Biochemical Engineering Journal. 2019; 
144: 198-208. 

14. Silva A, João Z, Marcio AM, Altemir M, José VO, Débora DO, Alexandre 
JC and T Helen Evaluation of process parameters in the industrial scale 
production of fish nuggets. Ciênc Tecnol Aliment, Campinas. 2011; 31(2): 406-
411. 

15. Amin I, Zamaliah MM and WF Chin Total antioxidant activity and phenolic 
content in selected vegetables. Food Chemistry. 2004; 87(4): 581-586. 

16. JECFA. Smoke flavourings, compendium of food additive specifications- 
Addendum 9. Pre-print edition for the 34th session of the codex alimentarius 
committee for food additives and contaminants. 203p, The Joint FAO/WHO 
Expert Committee on Food Additives, 2001. 

17. Badan Standardisasi Nasional. SNI 01-6683-2002: Chicken Nugget. Jakarta, 
2002. 

18. Badan Standardisasi Nasional. SNI 01-2346-2006: Organoleptic and/ Sensory 
Testing Instructions. Jakarta, 2006. 

19. AOAC (Association of Official Analytical Chemists). Official Method of 
Analysis of AOAC International. 17th ed. Association of Official Analytical 
Chemists Inc. Horwitz, Willium, 2000; 2: 200. 

20. Lukman I, Huda N and N Ismail Physicochemical and sensory properties of 
commercial chicken nuggets Asian Journal of Food and Agro-Industry. 2009; 2: 
171-180.  

21. Lombok JZ, Setiaji B, Trisunaryanti W and K Wijaya Effect of pyrolisis 
temperature and distillation on character of coconut shell liquid smoke. 
Proceeding of International Conference On Research, Implementation And 
Education Of Mathematics And Sciences 2014, Yogyakarta State University, 18-
20 May 2014, pp. C87-C96. 

22. Anggraini SPA and S Yuniningsih Liquid smoke purification process for benzo 
(a) pyrene levels lowering on food safety. Journal of Agriculture and Food 
Technology. 2013; 3: 1-4. 



 
 

 https://doi.org/10.18697/ajfand.102.19440  18277 

23. Ledesma E, Rendueles M and M Díaz Contamination of meat products during 
smoking by polycyclic aromatic hydrocarbons: Processes and prevention. Food 
Control. 2016; 60: 64-87. 

24. Balange A and S Benjakul Effect of oxidised phenolic compounds on the gel 
property of mackerel (Rastrelliger kanagurta) Surimi. Food Science and 
Technology. 2009; 42: 1059-1064.  

25. Toledo RT Wood smoke components and functional properties. International 
Smoked Seafood Conference Proceedings. In Donald E. Kramer and Liz Brown 
(Eds.) March 5-7, 2007, Anchorage, Alaska, USA. Elmer E. Rasmuson Library 
Cataloging, Alaska. 

26. Rozum J Smoking: liquid smoke (smoke condensate) application. Encyclopedia 
of Meat Sciences. 2014; 3: 315-320. 

27. Morey A, Bractcher CL, Singh M and SR McKee Effect of liquid smoke as an 
ingredient in frankfurters on Listeria monocytogenes and quality attributes. 
Poultry Science. 2012; 91(9): 2341-2350. 

28. Achmadi SS, Mubarik NR, Nursyamsi R and P Septiaji Characterization of 
Redistilled Liquid Smoke of Oil-palm Shells and Its Application as Fish 
Preservatives. Journal of Applied Sciences. 2013; 13(3): 401-408. 

29. Widiastuti I, Herpandi, Ridho M and NY Arrahmi Effects of liquid smoke 
concentrations on the characteristics of smoked cuttlefish. Jurnal Pengolahan 
Hasil Perikanan Indonesia. 2019; 22(1): 24-32. 

30. Martinez CC and TJ Machado Consumer evaluation of cold smoked fat in beef 
sausages”, International Food Research Journal. 2016; 23(4): 1782-1786. 

31. Chen SD, Hui-huang C, Yu-chien C and L Rong-shinn Effect of batter formula 
on qualities of deep-fat and microwave fried fish nuggets. Journal Food 
Engineering. 2009; 95: 359-364.  

32. Lima DP, Fuzinatto MM, Andretto AP, Braccini BL, Mori RH, Canan C, 
Mendonca SNTG, Oliveira CAL, Pereira RR and L Vargas Mechanically 
separated fillet and meat nuggets of nile tilapia treated with homeopathic product. 
African Journal of Pharmacy and Pharmacology. 2015; 9(6): 182-189. 

33. Jayasinghe CVL, Silva, SSG and JMJK Jayasinghe Quality improvement of 
tilapia fish nuggets by addition of legume flour as extenders. Journal Food and 
Agriculture. 2013; 6(1-2): 32–44. 

34. Sarkar PC, Upali S, Binsi PK and N Natasha Effect of vegetables gums on 
proximate, functional, optical and sensory attributes of catfish nuggets during 
chilled storage. Asian Journal of Dairy & Food Resources. 2016; 35(2):130-136.  



 
 

 https://doi.org/10.18697/ajfand.102.19440  18278 

35. Liputo SA, Berhimpon B and FS Feti Analysis of nutritional value and 
components of amino acids and fatty acids from goby fish (Awaous 
melanocephalus) nuggets with the addition of tempeh. Chemical Progress. 2013; 
6(1): 38-44. 

36. Borlongan IG and LV Benitez Lipid and fatty acid composition of milkfish 
(Chanos chanos Forsskal) grown in seawater and freshwater. Aquaculture. 1992; 
104: 79-89. 

37. Apri DA, Widodo F M, Fronthea S and R Laras Changes of amino and fatty 
acids in anchovy (Stolephorus sp) fermented fish paste with different 
fermentation periods. Procedia Environmental Sciences 23. 2015 58 – 63. 
https://doi.org/10.1016/j.proenv.2015.01.009 

38. Sugata M, Wiriadi PF, Lucy J and TT Jan Total lipid and omega-3 content in 
Pangasius catfish (Pangasius pangasius) and milkfish (Chanos chanos) from 
Indonesia. Malaysian Journal of Nutrition. 2019; 25(1): 163-170. 

39. Fronthea S Quality and safety of smoked catfish (Aries talassinus) using paddy 
chaff and coconut shell liquid smoke. Journal of Coastal Development. 2008; 
12(1):47-55, 

40. Wan-Rosli WI, Rohana AJ, Rosliza H, Mphd Ismail I, Gan SH, Helmy H, 
Shaiful BI, Noor FH, Mohd Nazri S, Wan Mohamad WB and IM Kamarul 
Fat content and EPA and DHA levels of selected marine, freshwater fish and 
shellfish species from the east coast of Peninsular Malaysia. International Food 
Research Journal. 2012; 19(3): 815-821. 

41. Kidd PM Omega-3 DHA and EPA for cognition, behavior, and mood: clinical 
findings and structural-functional synergies with cell membrane phospholipids. 
Altern Med Review. 2007; 12(3): 207-227.  

 

 


