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Abstract: Chub mackerel (CM), Scomber japonicus, is a commercially important fish species in pacific
countries including South Korea and its rapid quality deterioration by various spoilage mechanisms
while marketed has been reported, leading to a dramatic decline of the market price. To overcome
this problem, a combination of superheated steam roasting (270 °C for 4 min) and hot smoking
(70 °C) on CM fillets was applied to impart extending shelf-life at the market level. Using different
sawdust with time-dependent smoking revealed that Oak sawdust at 25 min of optimized smoking
time significantly (p < 0.05) provided the highest sensory properties (appearance, odor, color, texture
and overall preferences), improved physicochemical, microbial, and nutritional properties, and
subsequently, promoted shelf life of processed CM during the storage period at 10 °C for up to
34 days. Moreover, the processed CM offered high nutritional value, especially, essential and non-
essential amino acids were found to be 13.14 and 15.48 g/100 g of CM fillets, and also reduced
the trimethylamine-N-oxide level to an acceptable limit, indicating its quality and safety with high
nutritional standards to end-point users upon consumption.

Keywords: chub mackerel; smoking treatment; sensory analysis; physiochemical characteristics;
microbiological quality; biochemical analysis

1. Introduction

Worldwide, fish and fish-based products are exceptionally important elements of the
human diet in respect to their unique taste and nutritional properties such as plethora of
proteins and polyunsaturated fatty acids (PUFAs), which make them more precious than
other terrestrial foods [1]. Based on the demand of healthy fish-food items, fish processing
industries have been developed in the recent past to offer a variety of consumer products in
which quality and safety are being prioritized [2]. The reason is that fish flesh is extremely
vulnerable to spoilage [3]. The spoilage mechanisms in fish are attributed to the presence of
a high amount of free amino acid, non-protein nitrogenous compounds (NPN) and a high
post mortem pH, which eventually support the growth of microorganisms [4]. In addition,
endogenous enzymatic activity, oxidation of lipids and proteins are responsible for the
quality deterioration of fish and fish products [5,6]. Collectively, the following spoilage
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mechanisms result in the release of various metabolites that negatively affect the sensorial
attributes of the product, and simultaneously, shorten the shelf-life of products, especially
in storage conditions.

Chub Mackerel (CM), Scomber japonicus, is a migratory coastal-pelagic fish species,
distributed from subtropical to temperate zones of the world ocean [7]. CM has been
considered as an oily fish and one of the important commercial fish species in western
North Pacific [8], and it is estimated that about 10-25% of the total annual marine fish
catch are from CM in Korea [9]. CM is generally marketed as a raw, dressed or processed
condition like frozen fillet, and salted fish in the retail markets of South Korea [10]. Due to
the presence of a rich source of PUFAs, despite applying various processing techniques,
CM deteriorates quickly especially in tropics, so many quality and safety issues have arisen
on CM products while marketed or during the storage period.

Smoking is one of the traditional and common methods of preserving fish [11], which
is the combination of salting, drying and cooking processes [12]. Smoked products have an
attractive and unique color and flavor, which is because of phenolic compounds and other
volatile components released from plant-derived sawdust materials [13]. Additionally,
superheated steam technology was employed to dry CM fillets before being processed
for hot smoking. Since it is colorless and transparent hot-dry gas, the result of dried
products has been evident in the preparation of foods with good textural and chemical
properties [14]. When a press-cake of mackerel was prepared with superheated steam,
it showed low moisture and high fatty acids contents in a previous study [15]. In the present
study, we hypothesized that the combination of superheated steam and hot smoking on
CM could provide the final products of delicacy in taste by adding attractive and favorable
color, flavor and textural attributes.

The hot smoke (70 °C) processed products are tastier and have longer shelf lives [16],
and such treatment improves physicochemical, sensorial and microbiological qualities
in processed fish fillet [17], due to the presence of many beneficial complex compounds
released from incomplete combustion of wood materials such as phenols, esters, ethers,
alcohols, and ketones. Despite their benefits, hot smoked processed products can lead
to excessive shrinkage, buckle or even splitting, which undergo decreased yield and loss
of nutrients due to denaturation of dietary proteins of fish [18]. So, the optimization of
time and temperature in smoking process technology is extremely important to ensure
that the products are of premium quality during storage. The physical (i.e., textural
profile), chemical (i.e., pH, VBN, TBARS, and TMA), sensorial (i.e., organoleptic attributes),
nutritional (i.e., proximate composition and fatty acids) and microbiological (i.e., TBC)
characteristics have been assessed by the precedent research, where new or modified
processed technology was applied to improve fish-based products [19,20]. However, a very
limited number of studies have been investigated on CM, Scomber japonicus, or CM-based
products. Considering the delicacy in taste and higher nutritional value, CM was selected
for the current study aiming at the development of improved process technology of CM
fillets with the combination of superheated steam roasting and hot smoking, for enhancing
qualities of the end-product based on sensorial, physicochemical, microbiological, and
nutritional aspects.

2. Materials and Methods
2.1. Sample Collection and Processing

The CM fish was bought from the local fish market, South Korea, stored with ice flakes,
rinsed in the laboratory, and longitudinally cut to form a fish fillet. The size of the fillet
section was 37.4 x 7.8 x 1.5 cm and the average weight of the sample was 355.2 + 20.91 g.

2.2. Pretreatment with Superheated Steam Roasting

The CM fillets were placed in the AERO Steam Oven chamber (DFC-560A-2R/L,
Naomoto Corporation, Osaka, Japan), maintaining the temperature at 270 °C for 4 min as
followed by the previous method of Mohibbullah et al. [21]. Afterward, the roasted CM
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fillets were transferred into the polyamide bags, vacuum-packed using a vacuum sealer
machine (Sambo Tech. Corporation, Gyeonggi-do, Korea), and finally stored at 4 °C until
otherwise/further use.

2.3. Smoking Treatment with Variant Sawdust

The 24-h dip treatment was conducted for CM fillets with a brine solution of 8% NaCl
CM samples were then dried by placing at 30 °C temperature for 30 min and allowed
to drain out excess water. After removing water, the fillets were submitted to smoking
treatment. The samples were placed inside the smoking kiln (Braai Smoker, Bradley,
Canada) and generated by combusting different sawdust (Apple, Chestnut, oak, Cherry
and Walnut) materials. During the smoking process, the smoke temperature was recorded
using a sensitive thermometer at different time intervals such as 20, 25 and 30 min. The
desired temperature was 70 °C and the smoked CM fillets were stored at 4 °C until analysis.

2.4. Sensorial Properties

The parameters such as color, odor, flavor, and overall acceptance of treated and
untreated smoked products were observed and all the CM fillet samples were impartially
coded preceding the sensory evaluation. These characteristics were judged by ten panelists
with ages between 25 and 40, who were previously well trained about the evaluation
method. During the sensory evaluation, the changes in color, flavor, odor, and overall
acceptances were assessed by a 9-point hedonic scale (1 for extremely dislike and 9 for
extremely like). The value 5 was considered as the threshold limit and values less than
5 were considered as rejected [22].

2.5. Physical Properties
2.5.1. Evaluation of Odor Intensity

Following the procedure of Macagnano et al. [23], a total of 5 g of sample was taken in
a 50 mL conical flask, the lid closed with parafilm and fitted with an odor concentration
meter (XP-329, New Cosmos Electric Co. Ltd., Osaka, Japan). The odor intensity was
calculated by observing the signal (peak), which is expressed as an arbitrary unit.

2.5.2. Calculation of Weight Loss
The Goulas and Kontominas [24] method was used to calculate the weight loss of CM

fillets. It was done by evaluating the differences between the weight of the samples before
and after oven drying.

2.5.3. Texture Analysis

The texture of CM fillets was assessed by Brookfield Texture Analyzer (Massachusetts,
USA), equipped with a computer software system (Texture PRO CT, Middleboro, USA).
A series of parameters, explicitly hardness, chewiness, cohesiveness and springiness, were
estimated by following the experiment of Ganesan and Benjakul [25].

2.5.4. Evaluation of Color

The CM fillet color was assessed by the CM-700d Konica Minolta (Tokyo, Japan)
instrument. Using a Hunter system value, the surface color of each sample was calculated
as in previous reports [26-28].

2.6. Chemical Properties
2.6.1. Determination of pH

The homogenized CM sample (4 g) was thoroughly mixed with 45 mL of distilled
water (DW) for 2 min and well centrifuged (SHG-15D, SciLab, and Seoul, Korea). The pH
of the sample was measured using a pH meter (OHAUS STARTER 2100, Seoul, Korea) with
a glass electrode.
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2.6.2. Determination of Volatile Base Nitrogen (VBN)

The VBN value is measured by a Conway micro diffusion method. A totalof 5 g
of sample was mixed with 25 mL of distilled water, filtrated, and mixed with potassium
carbonate, following the method of Ali et al. [29].

2.6.3. Determination of Thiobarbituric Acid-Reactive Species (TBARS)

A total of 5 g CM fillet sample was taken and thoroughly mixed with 12.5 mL TBARS
solution containing 20 trichloroacetic acid and 2 M phosphoric acid, followed by filtration,
incubation at 95 °C for 30 min, and reading the absorbance value at 530 nm wavelength [30].

2.6.4. Determination of Trimethylamine (TMA) Analysis by Gas Chromatography-Mass
Spectrometry (GC/MS)

The presence of TMA in spoiling marine organisms is due to the bacterial degradation
of TMAO. The TMA is used as a marker to assess the seafood quality because it is the
primary component to producing fishy off-odor [31]. The GC/MS method was performed
to estimate the value of trimethylamine N-oxide (TMAO) in both raw and smoked CM
products, as followed by Mohibbullah et al. [21]. In this analysis, 10 g of fish sample was
mixed with 10 mL of distilled water, sonicated for 20 min, filtrated, and then volatilized
using GC instrument (Agilent 7890B GC, Agilent Technologies Inc., Santa Clara, CA, USA)
at an oven temperature of 240 °C which increased from 40 to 210 °C following the flow
rate of 10 °C/min. Procedures for quantification of TMAO content in raw and smoked CM
fillet were followed by comparing the standard compound (Sigma Aldrich, St. Louis, MO,
USA) run side-by-side.

2.7. Microbiological Properties: Total Bacterial Count (TBC) and Total Coliform

The ten-fold serial dilution method was used to determine the bacterial load of the
CM fillet sample. A 1 g of sample was taken and transferred to a test tube containing 9 mL
of sterile saline solution, spread quickly on the surface of plate count agar (Difco, Franklin
Lakes, NJ, USA), as followed by Chen et al. [26]. The total coliform count was estimated
following the preferred method of the US Food and Drug Administration (FDA) [27].

2.8. Nutritional Properties
2.8.1. Analysis of Nutritional Composition

The nutritional composition of smoked CM fillets was determined by following the
method of Horwitz et al. [32], as performed in the Traditional Microorganism Resources
Center, Daegu, South Korea.

2.8.2. Analysis of Amino Acid by HPLC Method

The samples of hot smoked CM fillets were duplicated in measurement for the esti-
mation of amino acid content using a High-Performance Liquid Chromatography (HPLC;
LC-20A, Shimadzu Corp., Kyoto, Japan) at Pukyong National University laboratory, Bu-
san, South Korea. This method was followed by the previously published procedure of
Gheshlaghi et al. [33].

2.9. Statistical Analysis

The statistical analysis was performed by IBM SPSS software, version 21.0 (IBM, Corp.,
New York, NY, USA). The data of different biochemical parameters were triplicated and
calculated as mean =+ standard deviation (std). Results were considered to be statistically
significant at 95%, where the significance level was set at p < 0.05.

3. Results
3.1. Effect of Different Sawdust Smoke on Sensory Analysis

The color and flavor of CM were developed through the hot smoke of different
sawdust. To identify the best smoke material in the processing of CM fillets, two different
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smoking duration of 20 and 25 min were maintained in the present study, as followed
by the previous reports [20,21]. The results significantly (p < 0.05) improved sensorial
features when CM fillet was smoked by oak sawdust, followed by apple, cherry, and
walnut sawdust at 20 and 25 min, respectively (Figure 1). Therefore, based on screening
results with different sawdust materials, oak sawdust was selected as the best smoking
material for further study.
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Figure 1. Effect of various sawdust (apple, chestnut, oak, cherry, and walnut) materials on instrumental odor intensity

(a), and overall preference based on sensory attributes (b) in hot smoked chub mackerel (CM) fillet at two smoking times

(20 and 25 min). Data were expressed as mean =+ std (n = 10), where different letters were statistically different (p < 0.05).
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3.2. Effect of Time-Dependent Smoking on Odor and Sensory Evaluation

The consumer’s acceptability and preferences of combined treatment of superheated
steam and hot smoked CM were evaluated by an instrumental odor analysis and sensory-
based 9-point hedonic scale. The results indicated that the odor intensity significantly
(p < 0.05) improved with the increased smoke time at 0, 10, 15, 20, 25, and 30 min. However,
in the sensory analysis as performed by skilled panelists, 20 and 25 min smoke times were
found to have more acceptable sensorial features such as appearance, odor, taste, and
overall preferences and were optimized for the next experiment (Figure 2).

m Appearance = Odor mTaste mOverall preference

109 (b) it bhgd b

Sensory analysis

15 20 25 30 0 10 15 20 25 30
Smoke time (min) Smoke time (min)

Figure 2. Changes of odor intensity (a), and sensory quality (b) in CM fillet with different smoke times (0, 15, 20, 25, and

30 min) by oak sawdust. The data were stated as mean =+ std (1 = 10), where different letters were statistically different

(p < 0.05).

3.3. Effect of Smoke Temperature on Physical Features of CM Fillet
3.3.1. Effect of Smoking Time on Weight Loss

The weight loss of processed CM revealed that there were no significant differences at
20, 25, and 30 min of smoking. In the present study, it was evident that smoking time being
applied on processed CM had a non-significant effect on weight loss (Figure 3a).
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Figure 3. Changes of weight loss (a), texture analysis (b), odor (c), and color value (d) in hot smoked CM fillet products

with different smoking time. The data were stated as mean =+ std (1 = 10), where different letters were statistically different

(p < 0.05).

3.3.2. Effect of Smoking Time on Texture

Instrumental texture analysis of processed food products is the most essential and
important measurement in the assessment of quality for consumer acceptance. Here, in
time-course smoking of 0, 20, 25, and 30 min, there were no significant changes in the
textural properties of hardness, chewiness, cohesiveness, and springiness of hot smoked
CM, as compared with non-smoking CM product (Figure 3b).

3.3.3. Effect of Smoking Time on Odor

The odor of hot smoked CM was estimated at each 5 min and 10 min of the interval,
which significantly (p < 0.05) decreased in the smoking time of 20 min. However, after
25 min smoking, odor intensity was similar to that of non-smoked CM, indicating that hot
smoking did not influence the odor quality at this condition. (Figure 3c).

3.3.4. Effect of Smoking Time on Color

The color attribute is considered as one of the most important parameters of pro-
cessed fish products, which directly reflects consumer choice. Instrumental color val-
ues are depicted as L for lightness (lightness/darkness: higher/lower), a for red/green
(higher/lower), b for yellow /blue (higher/lower). All color parameter values obtained
from the color meter showed insignificant differences with smoking time (0 to 30 min), as
compared with non-smoked CM. The results suggested that an improved hot smoking
process had no obvious effects on color changes of CM fillets, maintaining the original
characteristics of the product appearance (Figure 3d).

3.4. Effect of Smoking Treatment on Biochemical Properties of Processed CM
3.4.1. Effect of Smoking Time on pH

pH in processed fish products is used as an indicator for determining the quality of
fishery products. Here, the pH level in smoked CM fillet significantly decreased (p < 0.05)
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with smoking time at 20, 25 and 30 min, respectively, and reached its acceptability limit
(pH = 6.32-6.22) (Figure 4a).
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Figure 4. Changes of pH (a), total bacterial count (TBC) (b), thiobarbituric acid reactive substances (TBARS) (c), and volatile
base nitrogen (VBN) value (d) in hot smoked CM fillet with different smoking times. The data were stated as mean =+ std
(n = 10), where different letters were statistically different (p < 0.05).

3.4.2. Effect of Smoking Time on TBC and Coliform

The microbial quality of processed fish products is an important aspect of food safety
to end-point consumers. Therefore, it is very important to assess the TBC and Coliform
bacteria in hot smoked CM for ensuring the quality. The present study found a significant
(p < 0.05) decrease in bacterial biomass that was assessed in smoked CM fillet with the
extension of smoke time (Figure 4b).

3.4.3. Effect of Smoking Time on TBARS Changes

Thiobarbituric acid reactive substances (TBARS) are a convenient pathway to deter-
mine the level of fat oxidation in processed fish products and are expressed by measuring
the malondialdehyde (MDA) content of the sample. The result showed that a significant
(p < 0.05) decrease in MDA content from 0 to 25 min of smoking time and again a non-
significant increment in MDA content at 30 min smoking time were found in processed
CM fillet (Figure 4c).

3.4.4. Effect of Smoking Time on VBN Changes

In this experiment, it was found that the VBN of hot smoked CM significantly
(p < 0.05) decreased with smoking time and the lowest VBN value was observed at 30 min
(Figure 4d).

3.4.5. Effect of Smoking Time on Sensory Attributes

As performed by the trained panelists, sensory evaluation on appearance, odor, taste
and overall preferences were found to be significantly (p < 0.05) increased at 25 min and
further declined at 30 min smoking time (Figure 4e). Thus, we optimized 25 min smoke
time for further analysis of CM fillets on the effects of storage conditions.
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3.5. Effect of Smoking on Storage Conditions of Processed CM
3.5.1. Analysis of Smoked CM Microbiological Quality on Storage Duration

The growth of food-borne microorganisms is greatly influenced by temperature.
Herein, the microbiological quality of hot smoked CM fillets was characterized by TBC
and coliform count and evaluated in two different storage conditions of 10 and 15 °C
temperature. As shown in Table S1, no bacterial growth (CFU/g) was developed during
the storage period up to 34 days, indicating that shelf-life of hot smoked CM could be
extended up to 34 days without invasion of bacterial biomass at both storage temperatures
10 and 15 °C.

3.5.2. Effect of Storage Duration on VBN Changes

The hot smoke processed CM fillets were kept at two storage conditions, 10 and
15 °C temperature for 0 to 34 days. According to Figure 5a, the VBN value significantly
(p < 0.05) increased with the extension of storage duration. The VBN value of smoked CM
was assessed in between the ranges of 13-20.3 (mg %) and 13-26 (mg %) at 10 and 15 °C,
respectively, throughout the storage period of 0-34 days. The study indicated that the
10 °C storage condition had better performance for preserving hot smoked CM fillets.
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Figure 5. Changes of VBN (a), TBARS (b) and overall preference (c) value in hot smoked CM fillet at two different
temperatures (10 and 15 °C) in a storage period 0 to 34 days. The data were stated as mean =+ std (n = 10), where different
letters were expressed as statistically different (p < 0.05).

3.5.3. Effect of Storage Duration on TBARS Changes

The TBARS value of hot smoked CM fillet was found to be significantly (p < 0.05)
increased during the entire storage time at both storage conditions (10 and 15 °C) and varied
between 3.2-4.9 and 3.2-8 mg/g, respectively (Figure 5b). This observation supported that
CM fillets at 25 min smoking were shown to have extended shelf-life when stored at 10 °C
temperature condition.

3.5.4. Effect of Storage Duration on Overall Sensory Preferences

The overall sensory preferences of CM fillets were significantly (p < 0.05) decreased
with the increase of storage time, from 0 to 34 days, at two different storage conditions
10 and 15 °C (Figure 5c). The overall preference of smoked CM remained at an acceptable
condition up to 32 days at 10 °C storage temperature, whereas CM fillets at 15 °C storage
temperature remained safe up to 13 days and then rapidly declined in quality.

3.6. Effect of Hot Smoking on TMA Changes

TMA content was found as 2.25 £ 0.29 and 1.25 =+ 0.06 ug per 100 g sample of both
raw and hot smoked CM, respectively (Figure 6). The study revealed that hot smoking of
CM fillets had a promising suppressive effect on TMA content, which might be the cause
of inhibiting the growth of specific spoilage bacteria.
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Figure 6. Effect of smoking on TMA content in CM fillets. The results were compared with (a) stan-
dard, (b) raw CM, and (c) hot smoked CM.

3.7. Effect of Hot Smoking on Preserving Nutritional Attributes

The nutritional quality or proximate composition of processed fish products varies
with processing methods (e.g., drying, salting, and smoking), handling, and storage condi-
tions. The protein, lipid and carbohydrate content of processed CM were 23.880, 30.288,
and 0.664 g/100 g, respectively. The minerals viz. potassium, sodium calcium, and iron
contents of hot smoked CM were reported as 296.394, 270.803, 67.168, and 1.214 mg/100 g,
respectively (Table 1).
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Table 1. The nutritional quality of hot smoked CM fillet.

Test Items Unit Test Results
Calories kcal/100 g 280.765
Sodium mg/100 g 270.803

Carbohydrate g/100 g 0.664
Sugars g/100 g 0.0037
Crude fat g/100 g 30.288
Trans fat g/100 g 0.0054
Saturated fat g/100 g 4.830
Cholesterol mg/100 g 57.236
Crude Protein g/100 g 23.880

Potassium mg/100 g 296.394
Calcium mg/100 g 67.168

Iron mg/100 g 1.214
Vitamin D mg/100 g ND

3.8. Effect of Hot Smoking Treatment on Determination of amino Acid in Smoked CM Fillet

The amino acid analysis is an important parameter for evaluating the protein quality
of fish samples. This study identified 17 amino acids including 9 essential and 8 non-
essential amino acids in hot smoked CM fillets (Table 2). Among essential amino acids,
lysine (2252.2 mg/100 g), leucine (2153.3 mg/100 g) and arginine (1736.3 mg/100 g) were
found higher, while that of glutamic acid (3691.9 mg/100 g), proline (2746.0 mg/100 g),
and aspartic acid (2213.2 mg/100 g) were higher in the contents of non-essential amino
acids found in hot smoked CM. These findings suggested that collective treatment of
superheated steam roasting and hot smoking of CM fillets enriched amino acid profiles
along with promoting physicochemical properties and antimicrobial performances, which
ultimately rendered extension of shelf-life during the storage period.

Table 2. Amino acid content (mg/100 g) in hot smoked CM fillet.

Hot Smoked CM

Amino Acid mg/100 g
Valine 1347.2
Methionine 762.2
Isoleucine 997.0
Leucine 2153.3
Phenylalanine 966.7
Lysine 2252.2
Histidine 1259.4
Arginine 1736.3
Threonine 1665.4

YEAA 13,139.7
Aspartic acid 2213.2
Serine 1223.5
Glutamic acid 3691.9
Glycine 1565.1
Alanine 1349.0
Cystine 1769.4
Proline 2746.0
Tyrosine 924.1

Y"Non EAA 15,481.9

4. Discussions

Because of the large number of nutrients, including protein, long-chain omega-3
polyunsaturated fatty acids (n-3 PUFAs), and micronutrients including selenium, iodine,
potassium, vitamin D and B, fishes are widely considered as a healthy and balanced diet for
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dietary uptake [34]. Fish is a highly perishable culinary commodity because of the fact that
it becomes extremely vulnerable to oxidation resulting in the development of off-odor and
-flavor and subsequent spoilage takes place while marketed [35]. Therefore, it is of need to
develop or improve preservation and processing techniques more efficiently for keeping
quality as well as extending the shelf-life of fish and fishery products. This study was
set to the effects of combined treatment of superheated steam roasting and hot smoking
(70 °C) of CM in improving sensory, physicochemical, nutritional, and microbiological
qualities even at storage conditions, intending to achieve the best quality product for the
end-point consumers.

Sensory evaluation is one of the quickest, easiest, and most common methods to
evaluate the quality of fish that can be done by human senses such as sight (color), tactility
(to test the flesh elasticity), and olfaction (odor) [14]. The present study conducted a
sensory assessment technique to know the consumer preferences of hot smoking (70 °C)
of Chub mackerel fillet at the different smoking time (0, 20, 25 and 30 min) with different
sawdust materials (Apple, Oak, Chestnut, Cherry and Walnut). The study found a supreme
sensory quality (appearance, odor, color, texture and overall preferences) product at 25 min
smoke time and oak sawdust as the best smoke generating materials. This study complies
with the study of hot smoked Wels catfish observed by Kiiciikgiilmez et al. [36]. Similar
results were also found in our previous studies that oak sawdust provided good sensorial
attributes while smoking of adductor muscle of pen shell Atrina pectinate and pacific
saury Cololabis saira [20,21]. The characteristic flavor and aroma of hot smoked CM are
predominantly achieved through the absorption of many volatile components from wood
smoke, among which phenolics might be the most influential.

The firmness of the fish products is considered as one of the most important quality
parameters to determine consumer preference [37]. The weight loss of the hot smoked CM
was found unchanged at the different smoke times (20, 25, and 30 min), which indicates
good quality products, and this study was supported by Baten et al. [16,19]. Textural
quality significantly affects the overall quality assessment and textural profile, which
includes the assessment of hardness, springiness, cohesiveness, chewiness, adhesiveness,
and gumminess of a fish product [18]. The texture attributes of hot smoked CM remained
constant throughout the smoking time (20, 25, and 30 min), maintaining unique sensorial
quality for the consumers, which was more or similar to the study of Mohibbullah et al. [20].
The instrumental odor and color value play an important role in the acceptance or rejection
of a fish product by consumers [38]. The time and temperature of smoking treatment had
no significant impact on odor and color of processed CM and the findings were similar
to the previous study [39]. The pH is an important parameter for assessing the quality of
the fish product, as low pH (<6.2) early in the storage indicates good nutritional status
and increased shelf-life in the latter stage [18,40]. The present study found significantly
lower and acceptable pH at a 25 min smoke and this is in accordance with the study of [30].
Wood smoke has antibacterial properties that retard the growth of bacteria [13,24] and this
study showed a similar effect when smoking time significantly decreased bacterial load.

The TBARS is a by-product of lipid peroxidation and its assay measures the MDA
level in the fish sample. The lowered level of MDA content was observed in a decreasing
trend with increasing smoke time. The previous study reported that smoking treatment
decreased TBARS values, where the consumability range is suggested as no more than
7-8 MDA mg/kg [30]. The VBN is considered as one of the prime indicators of raw and
processed fish products to measure the degree of freshness [41]. The VBN value of hot
smoked CM showed a significant decline in increasing smoke time and remained in an
acceptable range as compared with the standard VBN value of fresh fish being 5-20 mg
N/100 g muscle [42]. The hot smoking method significantly decreased the VBN value of
Japanese Spanish mackerel, Scomberomorus niphonius [17]. In storage conditions (10 and
15 °C), the VBN and TBARS values were found to show an increasing trend, which is in
compliance with the study of Mohibbullah et al. [21] and Oguzhan Yildiz [30]. However,
the VBN and TBARS values of hot smoked CM of shelf-life retained an acceptable value of
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17.7 mg% and 3.7 MDA mg/kg, respectively, after 32 days at 10 °C storage temperature.
The results concluded that hot smoked CM provided excellent freshness conditions and
did not exceed the maximum permissible limit of VBN and TBARS values up to the
storage period of 32 days. The overall sensorial impacts of CM were significantly (p < 0.05)
decreased with increasing of storage duration either at the 10 or 15 °C storage condition,
which is an agreement with the reports suggesting that the sensory scores of smoked bonito,
catfish, gwamegi and mackerel decreased with the extension of storage time [43-45]. The
suppression of bacterial (TBC and Coliform) growth was observed throughout the storage
period at both storage conditions (10 °C and 15 °C). Superheated steam roasting with hot
smoking treatment prevented the growth of bacterial proliferation [13,24]. It is expected
that the hot smoking process may release phenolic compounds, having antioxidant and
anti-microbial actions on the surface of CM fillets.

The TMA is a very efficient index for determining the degree of spoilage in fresh,
processed and lightly preserved seafood [46]. The TMAO is converted into TMA in dead
fish due to the action of intrinsic enzymes and bacterial action [31,47]. Considering the
TMAO content in seafood, it appears to range depending on age, species, environmental
factors and harvesting time [48]. The hot smoking with oak sawdust decreased the TMA
content to 1.25 pg per 100 g in smoked CM while comparing with raw CM. A similar trend
of results was shown by Mohibbullah, et al. [21] and Baten et al. [17,20]. The level of TMA
in hot smoked CM fillets was considered safe for human consumption, when the result was
compared with the maximum consumable limit of TMA value of 10 mg/100 g [48]. The
nutritional content of CM was high and was found to be comparable with Mohibbullah
et al. [21]. It is evident that hot smoking treatment increased the crude protein, crude
lipid, crude fiber, ash, and other minerals contents by reducing the moisture content, as
can be seen in the present CM product and which is comparable to other fish and meat
products [49-51]. In addition, the amino acid profile provides essential and non-essential
amino acids, and it is determined that the quality of a protein is also beneficial to the human
diet [52]. The amino acids and peptides are important components for the development
of seafood flavor [53]. The hot smoked Chub mackerel consists of 17 amino acids, of
which 9 are essential acids and 8 non-essential amino acids. The results observed in the
present study are to some extent similar to Adeyeye et al. [12], who found 18 amino acids
in five hot smoked processed fish. Superheated steam roasting with hot smoking treatment
significantly increased the lysine and other essential amino acids in CM products, when
compared with other processing techniques [54].

5. Conclusions

The improved process technology of CM, namely a combination of superheated steam
roasting (270 °C for 4 min) with hot smoking (70 °C), was employed in the present study.
Among different sawdust materials to smoke superheated steam roasted CM fillets with
time-dependent smoking, oak sawdust showed better sensory characteristics at an optimal
smoke time of 25 min. The processed CM fillets with time-dependent smoke provided
desirable odor intensity, negligible impact on weight loss, insignificant color changes, and
acceptable textural properties, especially, after smoking at 25 min. With this condition,
the processed CM also suppressed pH, TBC, VBN, and TBARS values to an acceptable
limit at the smoke duration of 25 min. At 25 min smoking time, hot smoked CM was
extremely good, and able to preserve its chemical properties and inhibit microbial spoilage
successfully at 10 °C up to 32 days in storage condition. Considering the quantity and
quality, hot smoked CM posed a significant source of valuable nutrients (protein, lipid,
and minerals), especially essential and non-essential amino acids. Moreover, hot smoked
CM contained a lower and negligible amount of TMA compared to raw CM and may
be considered as a safe item for human consumption. Therefore, this combined process
technology could be effectively utilized by processors to increase the storage-ability of CM
with safe and healthy conditions at the consumer level.
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