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Abstract: Studies have reported the impact of frying on the nutritional and sensory properties of
mackerel. However, no study has reviewed this topic. This study reviewed the effects of different
frying processes on the nutritional and sensory characteristics of mackerel, with and without batter,
marinade, and spice. MEDLINE, Web of Science, PubMed, and ScienceDirect were used as online
databases to find relevant articles. We found that the nutritional, physicochemical, and sensory
properties of fried mackerel without treatment were influenced by frying methods. Deep frying
affected the oxidation of lipids and degradation of proteins, while air frying increased the overall
acceptance score. Frying can reduce perfluorinated compounds (PFCs), eliminate some toxins, lower
the trypsin inhibitor (TI), and increase the sensory parameters of mackerel with batter, marinade, and
spice treatment. The different ingredients of minced mackerel products preserved their nutritional
and sensory parameters after frying. Interestingly, vacuum frying resulted in lower oxidation and
maintenance of nutritional and sensory parameters of fried mackerel (with or without treatment) and
minced mackerel products. Further research is needed to reveal the effectiveness of vacuum frying in
maintaining the nutritional and sensory properties of fried and minced mackerel products.

Keywords: mackerel; frying; batter; marinade; spice

1. Introduction

Mackerel is a pelagic fish, belonging to the family Scombridae, which lives in the
open ocean, including the Pacific, Indian, and Atlantic Oceans. According to Froese
et al. [1], mackerel has a streamlined body, a silvery white belly, and a darker back, which
is usually black mottled. The large eyes, long heads, and teeth in a large mouth are the
main morphological characteristics of these fish. They also have two triangular fins on the
dorsal side and some stabilizing fins along the caudal peduncle.

Mackerel is widely consumed worldwide because of its high nutritional value to
humans, as it contains lipids, minerals, and proteins [2,3]. It also contains eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), which can decrease the risk of prostate cancer
and Alzheimer’s disease [4]. Mackerel can be processed by frying, with and without batter.
Fried mackerel is simple to cook, highly nutritious, and has a high market demand.

Frying is the simplest and fastest method of processing mackerel. As one of the oldest
methods of food preparation, it offers advantages such as ease, speed, and affordability.
Fried products are reported to have good nutritional content, unique flavor, taste, and good
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sensory characteristics [5]. Frying is also known as an efficient cooking method because of
the high temperature at normal atmospheric pressure and quick heat transfer that occurs
during the process. These conditions result in the thermal destruction of microorganisms
and enzymes and the reduction of water on the food surface.

Currently, three methods can be used to fry mackerel: deep, vacuum, and air frying.
Deep frying is a simple and common method. Food is immersed in oil that has been heated
to a temperature sufficiently high to brown the food’s surface, partially or completely
cooking it. This frying process ensures that the food is tender and juicy inside and crisp on
the outside.

Meanwhile, vacuum frying involves atmospheric pressure (<50 Torr). Under these
conditions, the reduced moisture of fried products is obtained without excessive darkening
or scorching [6]. This method has been used in several industries to fry and produce
high-quality fried products. Vacuum frying maintains the nutrition of fried products with
low oxidation [7–10]. Air frying is a method that circulates and utilizes hot air to fry food.
Under these conditions, oil absorption in food can be minimized [11]; thus, it is claimed to
be a healthier frying method. The fried products will have low calories, fat, and good color.

These frying methods can be used to produce high-quality mackerel products. Nonethe-
less, during the frying process, some reactions that affect nutritional quality may oc-
cur [12,13]. Lipid, fat, and minerals in fish can be affected. Moreover, some water-soluble
proteins can be lost during the process.

Several studies have been conducted on the effects of deep [9,14–23], vacuum [9], and
air frying [9] on mackerel, with and without batter [24,25]. Furthermore, studies on the
effect of frying on minced mackerel products have also been conducted by Tolasa et al. [26],
Albertos et al. [10], Chen et al. [27], and Lee et al. [28]. However, there are no review papers
on this topic. Therefore, this article reviews studies conducted on the effects of different
frying processes on mackerel (with and without batter) and minced mackerel products.

This study focuses on reviewing the current scientific literature on the effects of fry-
ing methods. Thus, the changes in the composition that occur during the frying process
are discussed. Special emphasis has been placed on the nutritional and sensory charac-
teristics of fried mackerel and minced mackerel products, as influenced by the different
frying processes.

2. Materials and Methods

Existing literature was searched following systematic reviews and meta-analyses
(PRISMA) guidelines in online databases (MEDLINE, Web of Science, PubMed, and Sci-
enceDirect) [29]. “Mackerel,” “Frying,” “Nutritional,” “Sensory,” “Batter,” “Spice,” and
“Marinate” were used as the keywords. The words “English language,” “nutritional,” and
“sensory” were applied as filters.

3. Results

A total of 61 articles were found based on the keywords “Mackerel,” “Frying,” and
“Nutritional.” After filtering the articles with several criteria, including “English language,”
“nutritional,” and “sensory,” 20 articles were found to have examined the effect of frying
on the nutritional and sensory characteristics of minced mackerel. Of the 20 articles,
11 discussed mackerel without battering, marinating, and spicing treatments; 4 discussed
minced mackerel products; 3 discussed mackerel with marinade and spice; and 2 discussed
mackerel with batter (Figure 1).

Six mackerel species are commonly used in this field of study. Among them, chub
mackerel is the most commonly used (30%), followed by Indian mackerel (25%), Atlantic
mackerel (20%), Spanish mackerel (15%), horse mackerel (5%), and king mackerel (5%)
(Figure 2). The effects of different frying processes on the nutritional and sensory charac-
teristics of mackerel and minced mackerel products are discussed below.
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contain high levels of omega-3 fatty acids, such as eicosapentaenoic (EPA) and docosahex-
aenoic (DHA) acid, as well as omega-6 fatty acids such as linoleic acid (LA). Amino acids 
have also been found in fried mackerel, such as glutamic acid, aspartic acid, lysine, leu-
cine, and arginine [9,16,25]. They are cooked by frying under ideal conditions. Several 
studies have been conducted to determine the effects of frying methods on Atlantic 
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4. Discussion
4.1. Fried Mackerel without Batter, Marinade, and Spice

Fried mackerel is a popular dish worldwide. Fried mackerel have been reported to
contain high levels of omega-3 fatty acids, such as eicosapentaenoic (EPA) and docosa-
hexaenoic (DHA) acid, as well as omega-6 fatty acids such as linoleic acid (LA). Amino
acids have also been found in fried mackerel, such as glutamic acid, aspartic acid, lysine,
leucine, and arginine [9,16,25]. They are cooked by frying under ideal conditions. Several
studies have been conducted to determine the effects of frying methods on Atlantic [14,15],
chub [9,16,17], Indian [18–22], and Spanish mackerel [23]. The frying process is known to
have some effects on several aspects, including nutritional, physicochemical, and sensory
properties. The effects of the frying process of mackerel are summarized in Table 1 and
described specifically bellow.
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Table 1. Optimum conditions for frying mackerel without batter, marinade, and spice.

Species Frying Methods Optimum Condition Filet Size Results Ref.

Atlantic Mackerel * Deep fry 180 ◦C for 7 min in
canola oil 3 × 3 cm Maintaining fatty acid

content [14]

Atlantic Mackerel Deep fry 180 ◦C for 5 min in
soybean oil - Increasing protein and fat [15]

Chub Mackerel * Deep fry 165 ◦C for 3 min in
sunflower oil 5 × 5 cm Increasing the score of

overall acceptance [9]

Chub Mackerel Deep fry 160 ◦C for 3 min - Reducing perfluorinated
compounds (PFCs) [16]

Chub mackerel Deep fry 180 ◦C for 90 s in
soybean oil - Improving the taste of fried

mackerel [17]

Chub Mackerel Vacuum fry 95 ◦C for 7 min at 80 mmHg
in sunflower oil 5 × 5 cm Lowering the oxidation of

lipids and proteins [9]

Chub Mackerel Air fry 160 ◦C for 15 min 5 × 5 cm Increasing the score of
overall acceptance [9]

Indian Mackerel * Deep fry 180 ◦C for 5 min in
sunflower oil 2.8 cm in length Decreasing fatty acids [18]

Indian Mackerel Deep fry 160 ◦C for 5 min in
groundnut oil 5 cm in length Increasing heat rate

penetration [19]

Indian Mackerel Deep fry 180 ◦C for 5 min - Decreasing fatty acid
content [20]

Indian Mackerel Deep fry 180 ◦C for 5 min - Decreasing amino acid
content [21]

Indian Mackerel Deep fry 160 ◦C for 6 min in palm oil 500 g/pieces Changing the nutritional
composition [22]

Spanish Mackerel * Deep fry 177 ◦C for 3 min in
soybean oil - Changing the nutritional

composition [23]

* Scientific name: Atlantic mackerel: Scomber scombrus; chub mackerel: Scomber japonicus; Indian mackerel: Rastrelliger kanagurta; Spanish
mackerel: Scomberomorus maculatus.

4.1.1. Effect of Frying on Fatty Acid Profile of Fried Mackerel without Batter, Marinade,
and Spice

The frying process of mackerel affects its fatty acid profile. During the frying process,
several factors are known to affect the fatty acid profile of mackerel, including the oxidative
decomposition of unsaturated fatty acids, the migration of fatty acid compounds into the
medium during the frying process, and the absorption of linoleic acid from oil. Moreover,
the use of different oils as frying media is known to have some effects on the fatty acid
profile [14,15,18,20,22].

Oxidative decomposition of unsaturated fatty acids of mackerel is influenced by high
temperature during the frying process. At high temperatures, free radicals attack the
double bonds of PUFAs. After heating, the amount of PUFA decreases significantly, most
likely due to oxidative reactions. PUFAs are easily oxidized and incorporated into the
chain mechanism of lipid peroxidation, and their levels tend to decrease as the temperature
rises [30,31]. Furthermore, water loss during frying increases the lipid content in fried
products. These conditions also affect the changes in fatty acids of Indian mackerel,
especially EPA and DHA, after frying [20].

Moreover, the migration of fatty acid compounds into the medium during the frying
process might cause decreased fatty acid content in Atlantic mackerel [14]. PUFA levels are
also significantly affected by frying time, with longer exposure times producing a signifi-
cantly higher reduction than shorter times. Further, the absorption of linoleic acid from oil
affects the leaching of lipids into the frying medium, resulting in a reduction of essential
fatty acids in Atlantic mackerel of 88% [15].

Oil absorption during the frying process occurs as a consequence of the loss of mois-
ture. The size, shape, and surface of products influence oil absorption. The thinner the
product, the more oil is absorbed. Moreover, the pretreatment before frying also affects
the oil absorption. Pre-drying decreases oil uptake in fried products [32]. Moreover,
Zhang et al. [33] found that oil absorption and the production of acrylamide as a result
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of the Maillard reaction are the primary changes in the nutrition of fried products caused
by frying.

Furthermore, the use of different oils has been reported to decrease different fatty
acids contained in fried Indian mackerel [18]. Similarly, Franscico et al. [34] reported
that the use of sunflower and olive oil resulted in the loss of DHA and EPA in fried fish.
Consequently, the amount of oleic acid in the oils increased after frying [35]. Additionally,
the oxidation that occurs during the frying process might increase the loss of fatty acid
content in fried mackerel, implying decreased fatty acid content and moisture loss in the
mackerel. However, these conditions could increase the amount of fat from the oil that
is absorbed into the fried mackerel. The different frying media potentially increased the
number of peroxide values (PV), resulting in varied hydroperoxides in the fried product.
This would affect the formation of cholesterol oxidation products (COPs) [20]. The same
phenomenon was also reported by Gall et al. [23], who found that the absorption of
soybean oil resulted in higher levels of the most prominent soybean oil fatty acids in fried
Spanish mackerel. On a percentage composition basis, fatty acid levels in other major filets
decreased. As the lipid content of the original filet increased, this effect diminished. If the
original level in the filet is high, further absorption of soybean oil fatty acids appears to
be inhibited.

4.1.2. Effect of Frying on Amino Acid Profile of Fried Mackerel without Batter, Marinade,
and Spice

The frying process has also been known to influence the amino acids of fried mackerel.
The Maillard reaction and the thermal decomposition of sensitive amino acids are two
factors that affect the amino acid content in fried mackerel [21,36].

In fried Indian mackerel, alanine and lysine were the most reduced amino acids [21].
Both amino acids have a reactive role in the formation of the Maillard reaction. This reaction
forms between reducing sugars and amino acid groups and causes the brown color in
fried foods. Furthermore, in the study of García-Arias et al. [36], they confirmed that some
amino acid losses, such as lysine, could be attributed to the formation of various Maillard
products during heating.

The presence of a free amino group at the ε-carbon unit, which is readily available
for reaction with reducing sugars, makes lysine the most susceptible amino acid in intact
proteins. Two free amino groups give free lysine an even higher reactivity. The crash
of disulfide bonds and the acquisition of sulfide ions and free sulfur are the two effects
of the increasing temperature on serine and threonine due to the conversion of these
amino acids [37]. Moreover, Sikorski [37] mentioned that an increase in temperature, the
presence of oxygen, and the reduction of saccharides significantly increased the thermal
decomposition of sensitive amino acids. The decrease in tryptophan after frying is also
caused by thermal degradation [38].

4.1.3. Effect of Frying on Proximate of Fried Mackerel without Batter, Marinade, and Spice

The frying process has been recorded to increase minerals and to oxidase the pro-
tein and lipids of fried mackerel products [9,23]. The absorption of some minerals from
the frying medium might be caused by the increasing of fried mackerel, while the high
temperatures involved during the frying process have also contributed to oxidase protein
and lipids.

In the study of Gall et al. [23], frying Spanish mackerel at 177 ◦C for three minutes also
increased some minerals, such as sodium, potassium, phosphorus, magnesium, calcium,
zinc, iron, copper, and manganese. It appears as though some minerals from the Spanish
mackerel were not lost during the frying process, and minerals from the frying medium
could be absorbed.

For the oxidation of proteins and lipids, Negara et al. [9] reported that frying chub
mackerel increased VBN and TBARS for deep, vacuum, and air frying compared with
uncooked treatment. However, they mentioned that the increase in VBN and TBARS was
lowest for vacuum frying, compared with deep and air frying. This condition indicates
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that deep and air frying impact the oxidation of proteins and lipids [9]. These findings
suggest that vacuum frying can maintain physicochemical and nutritional qualities.

4.1.4. Effect of Frying on Sensory Evaluation of Fried Mackerel without Batter, Marinade,
and Spice

In spite of the nutritional quality, the frying process was reported to affect the sensory
parameters of fried mackerel. Several sensory parameters such as taste, color, and overall
acceptance were influenced by the frying process [9,17]. Temperature, frying time, and the
changing of fat might be influenced the sensorial parameters [9,17,19].

The high temperatures during frying process could increase the rate of heat penetra-
tion [19]. The rate of heat penetration to the center of the Indian mackerel at 160 ◦C was
faster than that at 120 ◦C. At 160 ◦C, the temperature at the center of the mackerel reaches
89.3 ◦C in four minutes. Zaisev et al. [39] mentioned that during the frying process, the
temperature in the center of the mackerel is always below 100 ◦C. Further, increasing the
temperature and frying time increases the loss of moisture and weight. The thickness and
fat content of the fish meat also contributed to this. In some cases, the same frying time
resulted in low moisture, followed by an increase in temperature.

The low moisture was also reported by Negara et al. [9] which affected the score for
the overall acceptance of chub mackerel after deep, vacuum, and air frying. The score of
overall acceptance was “like slightly” to “like very much.” They mentioned that the overall
acceptance score was influenced by moisture. Lower moisture content resulted in dried and
crispy products. Moreover, the optimization of frying conditions, such as temperature and
frying time, would affect the overall acceptance. The uncooked and overcooked products
had low overall acceptance scores.

Moreover, the frying time would affect the taste of fried chub mackerel [17]. The
longer frying time resulted in less oily tasting mackerel. The alteration of fat might cause
a change in the taste of fried mackerel. Under these conditions, the exchange of fatty acids
between mackerel and the oil might have occurred and impacted the test. During this
process, gadoleic acid and EPA in the mackerel were taken up by frying oil, while linoleic
and oleic acids from the frying oil were absorbed by the mackerel. Additionally, the texture
of fried mackerel also changed after frying due to the dehydration or transformation of
the tissue.

Frying not only changes the nutrition and sensorial aspects of fried mackerel, but also
can reduce perfluorinated compounds (PFCs). According to the results of Kim et al. [16],
the frying method successfully reduced the PFCs of fried chub mackerel. Frying at 160 ◦C
for five minutes decreased 58% of PFC. The findings of this study also revealed that the
combination of pre-treatment and frying of mackerel could decrease some environmental
pollutants contained in raw mackerel. Using high temperature heating and edible oil
effectively reduces PFCs with high polarity in food [40,41].

To conclude, it is known that frying methods can affect the nutritional, physicochemi-
cal, and sensory properties of mackerel. However, studies on the frying of Atlantic, Indian,
and Spanish mackerel only used deep frying methods. To the best of our knowledge, stud-
ies of these mackerel species using different frying methods, such as vacuum and air frying,
have not been conducted. These fry methods have been reported to produce high-quality
fried products. Vacuum frying can also potentially be applied in fishery industries to
produce high-quality fried mackerel. The low oxygen and temperature involved in vacuum
frying results in low lipid oxidation and peroxide formation. Therefore, the effects of other
frying methods on the nutritional, physicochemical, and sensory properties of Atlantic,
Indian, and Spanish mackerel should be further investigated.

4.2. Fried Mackerel with Marinade and Spice

The marinating and spicing treatment before frying influenced the physicochemi-
cal [40] and sensory parameters [41,42] of the fried mackerel. The effects of frying on the
mackerel with marinade and spice treatments are displayed in Table 2.
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Table 2. Optimum condition for frying mackerel with marinade and spice.

Species Frying
Methods Marinating/Spicing Optimum

Condition Filet Size Results Ref.

Chub Mackerel * Deep Fry
Mackerel marinated
with 6% of sodium

chloride

180 ◦C for 10 min
in soybean oil -

Lowering
trypsin

inhibitor level
[42]

Spanish Mackerel
* Deep Fry

Mackerel marinated
with polyethylene

glycol
(PEG) 200, sorbic acid,
and butylated hydroxy

anisole (BHA) and
seasoned with turmeric
powder, garlic, shallot,

red chilies, ginger,
wheat flour, table salt

(NaCl), and
monosodium

glutamate
(MSG)

190 ◦C for 4 min
in corn oil 4 × 0.75 × 3 cm

Affecting the
color of fried

mackerel
[43]

Spanish Mackerel
* Deep fry

Mackerel spiced with
shallot, red chilies,
turmeric powder,

ginger, garlic, salt, and
MSG

191 ◦C for 3 min
in palm olein 4 × 0.75 × 3 cm

Increasing
proximate

composition
[44]

* Scientific name: chub mackerel: Scomber japonicas; Spanish mackerel: Scomberomorus maculatus.

Before the frying process, marinating is the common treatment that is applied to mack-
erel. This pre-treatment was reported as influencing the physicochemical characteristics of
fried mackerel such as TBARS and trypsin inhibitor activity [42].

The uses of sodium chloride to marinate chub mackerel increased TBARS levels after
frying at 180 ◦C for ten minutes [42]. The high temperature and presence of oxygen are
two main factors that lead to the rate of oxidation in the frying process. Nevertheless,
salt can act as a pro-oxidant agent in fish, increasing oxidation and reducing nutrition.
Additionally, oxidative changes can result in altered water-binding capacity and protein
hydration, as well as the formation of protein−lipid complexes. However, marinating chub
mackerel with sodium chloride resulted in the lowering of the trypsin inhibitor (TI) level.
The inactivation of these enzyme inhibitors by the heating process may cause a decrease in
the TI level. The duration of frying also affected the level of reduced TI activity.

The pre-treatments of marinating and spicing also impacted the sensory characteristic
of fried mackerel. The uses of different marinating and spicing ingredients were known to
influence the sensory characteristics of fried mackerel [43,44].

Pre-treatment of Spanish mackerel with polyethylene glycol (PEG) 200, butylated
hydroxyl anisole (BHA), and sorbic acid before frying resulted in lower water activity
compared to the untreated one [43]. The treatment also affected the color of the fried
mackerel. Mackerel frying for three minutes using deep frying resulted in an orange-red
color, while frying for five minutes resulted in a reddish-brown color, losing much of
their yellow coloration. These conditions led to the moderate overall acceptability of the
fried mackerel.

Moreover, the pre-treatment of spicing Spanish mackerel with shallot, red chilies,
turmeric powder, ginger, garlic, salt, and MSG resulted in a good score for the sensory
parameters [44]. The color of fried Spanish mackerel treated with some spices was scored as
6.4. For rancidity, moldiness, texture, and overall acceptability, panelists were scored as 7.3,
8.6, 6.0, and 6.4, respectively. The score of the sensory parameter was categorized from “like
slightly” to “like very much,” based on the hedonic score. In this study, they mentioned
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that the application of spices before frying affected the sensory parameters and prolonged
shelf-life in combination with polypropylene (PP) and high-density polyethylene (HDPE)
packaging. The sensory evaluation of fried Spanish mackerel treated with spices and
packaging in PP and HDPE was acceptable for up to eight weeks.

It is well known that the marination and spicing of fried mackerel before frying affects
the sensory characteristics and oxidation of lipids. However, research on the effects of
marinating and spicing fried mackerel only studied chub and Spanish mackerel and used
only the deep-fried method. Therefore, future research should investigate the effects of
marinating and spicing on Atlantic, Indian, horse, and king mackerel to produce high-
quality fried mackerel with high nutrition and sensory scores.

4.3. Fried Mackerel with Batter

The effects of frying on fried mackerel with batter have been reported by Lee et al. [24]
and Tirtawijaya et al. [25] and summarized in Table 3. Battering before frying affected the
maintenance of the physicochemical, nutritional, and sensory parameters of fried mackerel.

Table 3. Optimum condition for frying mackerel with batter.

Species Frying
Methods Batter Composition Optimum

Condition Filet Size Results Ref.

Chub Mackerel * Deep fry
Wheat flour, water, NaCl,
potassium sorbate, and

red pepper

170 ◦C for 3 min
in soybean oil 2 × 2 cm

Maintaining
physicochemical
and nutritional

properties

[24]

Chub Mackerel Deep fry

Soft flour, rice flour, corn
starch, roasted rice flour,

refined salt, garlic
powder, ground pepper,

baking powder, and
sugar

190 ◦C for 5 min
30 s in sunflower

oil
3 × 5 cm

Changing
physicochemical

properties [25]

Chub Mackerel Vacuum fry

Soft flour, rice flour, corn
starch, roasted rice flour,

refined salt, garlic
powder, ground pepper,

baking powder, and
sugar

95 ◦C for 7 min 42
s at 80 mmHg in

sunflower oil
3 × 5 cm

Maintaining
sensory, chemical,

microbial, and
nutritional
properties

* Scientific name: chub mackerel: Scomber japonicus.

The use of wheat flour, water, NaCl, potassium sorbate, and red pepper as ingredi-
ents of the batter successfully coated the fried chub mackerel and prevented nutritional
loss during frying. The batter also stabilized the water activity, moisture, pH, and VBN
of fried chub mackerel [24]. Furthermore, fried chub mackerel with batter in vacuum
frying produced higher protein, lipid, DHA, and EPA levels, as well as better sensory
properties than deep frying. Lipid atherogenic (AI), thrombogenic (TI), and hypocholes-
terolemic/hypercholesterolemic (h/H) indices of the vacuum-fried product showed better
values suitable for human health. Moreover, lower AI and TI values are considered to be
healthy conditions for preventing cardiovascular disease [25].

For sensory analysis, the scores for taste, flavor, texture, and colors of fried chub mack-
erel with batter that contain wheat flour, water, NaCl, potassium sorbate, and red pepper
were 4.5–5, based on five hedonic scales. These sensory parameters were categorized from
“good” to “very good” products [24]. Notably, the sensory property scores of the fried
mackerel with batter in vacuum fry samples were higher than those of the deep fry samples,
although all the samples were scored above the “like very much” category [25].

These studies revealed that frying mackerel with batter can increase sensory param-
eters. The nutritional and physicochemical properties of fried mackerel with batter can
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be maintained adequately with proper frying methods. However, research on the effect
of frying on the mackerel with batter only studied chub mackerel. No research has been
conducted on this topic for Atlantic, Indian, horse, Spanish, and king mackerel. There-
fore, the effects of the frying method on these mackerel with batter should be further
researched to produce high-quality fried mackerel with batter that contains high nutrition
and sensory scores.

4.4. Minced Mackerel Products

Minced mackerel can be processed as nuggets, burgers, and croquette products.
Processing mackerel into mackerel-based products is an alternative way to utilize mackerel,
maintain nutrition, and extend shelf-life. Several studies have focused on the processing of
minced mackerel as a good mackerel-based product, as shown in Table 4. The effects of
ingredients and the frying process of these products are discussed below.

Table 4. Optimum conditions for minced mackerel products.

Species
Minced

Mackerel
Products

Frying
Methods

Optimum
Condition Oil Used Results Ref.

Atlantic Mackerel * Nugget Deep fry 160 ◦C for 1 min Soybean oil Lowering lipid oxidation [26]

Atlantic Mackerel Burger Vacuum fry 107 ◦C for 2 min
at 80 mmHg Sunflower oil Maintaining nutrition

with low oxidation [10]

Horse Mackerel * Nugget Deep fry 180 ◦C for 2 min Hydrogenated oil Increasing the color and
crust crispness [27]

King Mackerel * Nugget Deep fry 160 ◦C for 2 min - Improving moistness
and softness [28]

* Scientific name: Atlantic mackerel: Scomber scombrus; horse mackerel: Trachurus trachurus; king mackerel: Scomberomorus cavalla.

4.4.1. Nugget

Mackerel-based nuggets are fishery products that contain mackerel mince, wheat
flour, corn starch, leavening, and salt. During the production of mackerel-based nuggets,
several aspects should be considered to produce high nutrition, prolong shelf-life, and
taste products. Problems often arise in the production of mackerel-based nuggets, such
as oxidation and unstable emulsions, which affect nutrition loss, moisture, texture, and
sensory parameters.

Studies on the effect of different ingredients of mackerel-based nugget have been
conducted by Tolasa et al. [26], Chen et al. [27], Lee et al. [28], and Fatimah et al. [45].
They mentioned that the different ingredients affected the appearance and nutritional and
sensory analysis of mackerel-based nuggets products.

Regarding nutritional characteristics, 4% of milk protein concentrates (MPC) added to
minced Atlantic mackerel nugget protected it against lipid oxidation [26]. MPC can prevent
lipid oxidation during the preparation of nuggets. Nonetheless, the number of EPA and
DHA in mackerel-based nuggets decreased after deep frying at 160 ◦C for one minute. This
might be caused by the thermal degradation of heat-labile EPA and DHA and the release
of fish oil during frying. Moreover, MPC significantly reduced lipid oxidation in fish mince
based on TBARS values during the storage of mackerel nuggets. In the development of
value-added high ω-3 seafood products from fish mince, it is critical not to have oxidative
deterioration, leading to a reduction in ω-3 fatty acid levels.

In the sensory analysis, the addition of onion and mushroom as moisture-releasing
ingredients improved the moistness and softness of king mackerel nuggets [28]. After
deep frying at 160 ◦C for two minutes, the mackerel-based nuggets containing onions and
mushrooms resulted in better moistness and softness. These conditions might be caused
by the onions and mushrooms that formed stable liquid cells upon cooking—they retained
the water and allowed moisture release. Moreover, the high moisture retention capacity of
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mushrooms also contributes to the release of more fluid in the mackerel nugget. Vegetables
were effective in forming and making the cooked product moist with less liquid added by
holding moisture release during forming and liquid cells after cooking.

Furthermore, according to the results of Fatimah et al. [45], mackerel-based nuggets
containing 0.5% carrageenan flour resulted in the highest scores for appearance, aroma,
texture, and taste. At this concentration, the appearance got a higher score from panelists
due to the color of carrageenan; the other ingredients of mackerel-based nuggets (tapioca
flour and surimi) were white. This resulted in a good level of preference for appearance.
Carrageenan flour has a neutral and odorless aroma that does not affect the aroma of
the product. As carrageenan is known to contain 25–30% of sulfate esters as a gelling
agent, a high concentration of carrageenan can form a gel and decrease the texture of
mackerel-based nuggets.

Moreover, in the study by Chen et al. [27], the addition of hydroxypropyl methylcellu-
lose (HPMC) to minced horse mackerel resulted in brown color and a good level of crust
crispness after deep frying at 180 ◦C for two minutes. The presence of reducing sugars in
batters affects the browning rate [46]. Wheat flour, which is used as an ingredient, also
contains sugar and can caramelize during frying. These conditions contribute to the color
of mackerel-based nuggets. Furthermore, the addition of proteins accelerates the browning
process of the batter during frying and impacts the brown color caused by an increase in
amino clusters involved in Maillard reactions [47].

HMPC acts as a moisture barrier by retaining the evaporated molecules within the
fish meat. The water barrier effect of HPMC successfully reduced the number of water
molecules diffusing into the crust, allowing the crust’s crispness to be preserved. HPMC
can also reduce oil absorption in both the surface layer [48] and core regions [49] of
nuggets and other fried battered products, compared with products without HPMC. During
the frying process, HPMC can sufficiently dehydrate the polymer, causing polymer-to-
polymer interactions to create an oil barrier effect when temperatures rise and the gel point
is reached.

The different ingredients of mackerel-based nuggets are well known to impact the
protection of nutrition loss, moisture, texture, and sensory parameters after frying. These
conditions improve the quality of mackerel-based nuggets. However, to the best of our
knowledge, the processing of minced mackerel as a nugget only utilizes Atlantic, horse,
and king mackerel. The processing of minced chub, Indian, and Spanish mackerel as
nuggets has not been researched. Moreover, the frying process of mackerel-based nuggets
uses only the deep-frying method. Alternative frying methods, such as vacuum and air
frying, have not been performed. Although vacuum and air frying can also maintain the
nutritional and sensory characteristics of fried products, no study has evaluated the effect
of different frying methods and conditions on the nutritional and sensory parameters of
mackerel-based nuggets. Therefore, further studies should confirm these.

4.4.2. Burger

Mackerel-based burgers are an alternative way to process and prolong the shelf-life of
mackerels. As mackerel contains many nucleic, high-quality amino, and polyunsaturated
fatty acids, there is an urgent need for the development of processing technology for more
efficient use. A study on the effect of frying on mackerel-based burgers was conducted by
Albertos et al. [10]; furthermore, studies on the processing of mackerel as a burger have
been reported by Quadros et al. [50], Ozogul and Ucar [51], and Ucak et al. [52]. Frying and
the ingredients of mackerel-based burgers have been reported to affect product quality.

According to the results of Albertos et al. [10], vacuum frying significantly enhanced
the nutritional and organoleptic properties of Atlantic mackerel burger. The degradation of
EPA and DHA was prevented during the frying process. Moreover, the polyene index was
reduced, and the ω6/ω3 fatty acid ratio was maintained after frying. The formation of
peroxides and carbonyl derivatives was also reduced. For the sensory parameters, vacuum
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frying successfully prevented color changes and improved the juiciness of the Atlantic
mackerel burger.

Quadros et al. [50] reported that Spanish mackerel burgers prepared with whole
minced mackerel resulted in high scores for appearance, aroma, flavor, and acceptance.
The presence of pigments and volatile nitrogen compounds in whole minced Spanish
mackerel, with unwashed treatment, gives a fish aroma and pink color to mackerel-based
burgers. These conditions produce a mackerel-based burger with a high score. Meanwhile,
during the washing process of raw mackerel, the loss of blood pigments, lipids, and soluble
nitrogen compounds resulted in weaker flavor and aroma, as well as discoloration [53].

According to Ozogul and Ucar [51], the addition of natural antioxidants, such as
oregano, green tea, sage, and laurel extracts, to a chub mackerel burger has effects on the
control of biochemical and biological aspects of the product during storage and prolongs
shelf-life. After grinding at 350 ◦C for three minutes, the natural extracts improved the sen-
sory quality of the mackerel-based burgers. However, storage of the product for a long time
decreased the sensory parameters. The panelist rejected the product with green tea after
nine months of storage; sage and laurel groups were rejected after eight months of storage.
As oregano and laurel have a strong flavor and taste, these conditions were mentioned
by the panelists. Furthermore, the combination of rosemary extract and vacuum packing
affected the growth of bacteria and biochemical aspects and prolonged its shelf-life [52].
Natural antioxidants do not change the taste of the end products. Moreover, the addition
of natural antioxidants lowered rancidity and reduced the microbial count. Phytochemical
compounds present in natural antioxidants are believed to act as preservative agents that
prevent oxidation.

Based on the results of their study, the frying process and the ingredients of mackerel-
based burgers affected their nutritional, sensory, and biochemical properties. The shelf-life
of mackerel-based burgers is also influenced by the basic ingredients of the product.
However, studies on the processing of minced mackerel as burgers only utilized Atlantic,
chub, and Spanish mackerel. The processing of minced Indian, horse, and king mackerel as
burgers has not been studied. Considering the nutritional value of these fish, studies on
the processing of these mackerel fish as burgers and the effects of frying and ingredients
should be studied further. This can contribute positively to the promotion of good products
with high nutrition.

4.4.3. Croquette

Croquette is a popular fish product produced by applying coated technology during
production. Currently, the demand for this product is increasing daily. Fish-based cro-
quettes were produced by two steps of coating: first with batter and then with breadcrumbs.
Fish-based croquettes were marketed as frozen products by manufacturers [54]. As frozen
foods are known to have a long shelf-life, fish-based croquettes have a long shelf-life with
high nutrition [55].

The fish-based croquette was produced by mixing fish mince with ingredients and
spices, such as wheat flour, wheat starch, corn flour, dried garlic, dried onion, white pepper,
cilantro, salt, dried coconut, black pepper, and breadcrumbs. Fish with high nutrition
are used as ingredients in fish-based croquettes. Çankırılıgil and Berik [56] and Fuchsa
et al. [55] produced a sardine-based croquette with high nutrition and long shelf-life. As
a frozen food product, fish-based croquettes should be deep-fried before being served.
Deep frying, however, will change the nutritional, chemical, and sensory properties of fried
fish-based croquettes.

In the report by Çankırılıgil and Berik [56], deep frying at 180 ◦C for two minutes
increases the crude fat and ash and decreases the water content and crude protein of
sardine-based croquettes. Amino acids, such as leucine, isoleucine, lysine, phenylalanine,
and threonine, were observed to decrease after frying. The frying process also decreased
the total saturated fatty acid content and increased the unsaturated fatty acid content.
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Fish-based croquettes can be an alternative for fishery products that can appease
people’s desire for easy and healthy food. However, studies on fish-based croquettes are
limited to the utilization of sardines. To the best of our knowledge, there are no studies on
mackerel-based croquettes. As mackerel is known to contain high levels of nutrients, such
as DHA and EPA, a mackerel-based croquette can be developed. Therefore, the effect of
frying on the nutritional properties of mackerel-based croquettes should be further studied.

5. Conclusions

Our study revealed that frying mackerel without batter, marinade, and spice treatment
influences the nutritional, physicochemical, and sensory properties of the food. The
reduction of PFCs during the process resulted in the elimination of some toxins and affected
the oxidation of lipids and degradation of proteins. This resulted in an increase in VBN
and TBARS in fried mackerel compared to uncooked mackerel. Conversely, vacuum frying
resulted in a low oxidation rate. Moreover, water loss during the frying process impacted
the proximate contents, while the mineral content of fried mackerel was influenced by the
absorption of oil. Several factors, including the absorption of linoleic acid from oil, oxidative
decomposition, and water loss, may influence the fatty acid profile of fried mackerel. The
thermal decomposition of sensitive amino acids was significantly increased by the rise in
temperature, the presence of oxygen, and the reduction of saccharides. Regarding sensory
parameters, the frying process influenced taste, color, and overall acceptance.

A marinating and spicing treatment before frying affected the oxidation and sensory
parameters of fried mackerel. Marination with sodium chloride successfully decreased the
TI level after frying, while the spicing treatment increased sensory parameters such as color,
rancidity, moldiness, texture, and overall acceptability of the fried mackerel. Battering is
also known to maintain the sensory, nutritional, and physicochemical parameters of fried
mackerel after frying.

The nutritional and sensory parameters of minced mackerel products, such as nuggets
and burgers, were impacted by the ingredients of the products. The frying process also
contributed to the sensory parameters of minced mackerel products. Interestingly, the use of
the vacuum frying method successfully maintained the nutritional and sensory parameters.
This frying method can prevent the degradation of EPA, DHA, and color changes.

Alternative methods, such as vacuum and air frying, might be used to fry mackerel
and minced mackerel products. These frying methods can minimize nutritional loss and
produce high-quality fried products. Further studies on these fields are needed to confirm
the effectiveness of vacuum and air frying in maintaining the nutritional and sensory
properties of mackerel and minced mackerel products.
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