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ABSTRACT: The current study aimed to establish the shelf life of vacuum-packaged grilled mackerel stored at 5, −5, and 
−20°C for 70 days. To this end, physicochemical analyses, which involved determining the pH, volatile basic nitrogen, 
amino nitrogen, trimethylamine (TMA), and thiobarbituric acid levels; microbiological analyses (aerobic plate count and 
coliform); and sensory quality determination were performed. Regression analysis on the relationship between physico-
chemical properties and storage time at various temperatures revealed TMA level was the most suitable parameter (R2= 
0.9769) for predicting changes in the quality of grilled mackerel during storage, with a quality limit value of 8.74 mg/100 g. 
The shelf life of vacuum-packaged grilled mackerel according to temperature was 21, 53, 62, and 75 days for 5, −5, −15, 
and −20°C, respectively, with the use-by date being 23 days at 5°C and 74 days at −5°C. In conclusion, TMA was the 
most suitable parameter for predicting changes in the quality of grilled mackerel during storage.
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INTRODUCTION

The home meal replacement (HMR) market has grown 
rapidly in recent years as the patterns of eating out 
around the world underwent considerable changes due 
to the prolonged COVID-19 pandemic. Among the total 
HMR sales, ready-to-cook food (58.8%), ready-to-eat food 
(34.0%), fresh-cut products (5.3%), and meal kits (1.9%) 
accounted for the highest proportion of the market (Kim 
et al., 2020). Ready-to-cook food, which requires no pre- 
processing of food ingredients and complex cooking proc-
esses, is useful for single-person households, dual-earner 
parents, and seniors seeking convenience and diversity. 
Kim et al. (2004) established that institutional food ser-
vices can have beneficial effects, such as cost reduction, 
efficient use of manpower, and increased food safety.

In addition, the seafood HMR product market has been 
growing at an average annual rate of 30% due to the de-
velopment of efficient cold chain transportation systems 
and packaging technology in the meat-oriented HMR 
market. The annual per capita supply of seafood is 68.1 
kg, which is higher than that of meat (64.3 kg), indicating 
a gradual increase in the proportion of seafood in our diet 
(Korea Maritime Institute, 2021). A survey on the most 
preferred seafood among Koreans showed that squid was 
most favored (13.0%) followed by mackerel (11.8%) (Ko-

rea Maritime Institute, 2022). As of 2020, Koreans have 
consumed around 101,288,000 kg of mackerel, with no 
indications of a decrease in consumption anytime soon 
(Ministry of Oceans and Fisheries, 2021).

Mackerel is rich in nutrients such as protein, lipids, and 
minerals (e.g., iron and selenium) (Joo et al., 2016). In 
particular, the average content of essential amino acids 
in mackerel is 48.5 g/16 g･N, which is superior to that of 
beef (47.9 g/16 g･N), a high-quality protein. Therefore, 
fish has been considered a good source of nutrients for 
growing adolescents and those lacking protein intake 
(Ryu, 2004). In addition, fish protein contains lesser 
stroma protein and has a higher digestive absorption rate 
than does meat (Ryu, 2004), making it a high-quality pro-
tein source for infants and seniors. In particular, mack-
erel contains more nutritionally superior polyunsaturated 
fatty acids (PUFAs), such as eicosapentaenoic acid and 
docosahexaenoic acid, than do other external blue-col-
ored fish, such as sardines and Spanish mackerel (Jeong 
et al., 1998). However, PUFAs are easily oxidized, and 
the free fatty acids produced by hydrolytic enzymes, such 
as lower carbonyl compounds and lipases, have not only 
a characteristic fishy smell but also poor quality as indi-
cated by protein denaturation and nutritional degradation 
(Gwak and Eun, 2010; Lingnert and Eriksson, 1980).

Considering that current HMR-related research has 
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mainly focused on meat, research on seafood products 
have been scarce. Some studies assessing the changes in 
the quality of fresh mackerel during refrigerated storage 
have been conducted to develop a freshness indicator 
(Park et al., 2016) and determine the effects of freezing 
storage temperature on the shelf life of mackerel fish (Joo 
et al., 2016). For cooked mackerel, several studies have 
mainly observed quality changes in the packaging state 
as determined by the quality of baked mackerel muscle 
during partially frozen storage (Lee et al., 1983) and by 
the effects of salt and soy sauce on lipid oxidation in 
broiled mackerel (Ryu et al., 2002). However, only a few 
studies have investigated quality changes during vacuum- 
packaging, which is widely used in HMR products.

The Ministry of Food and Drug Safety (MFDS) has in-
troduced quality standards in hopes of improving food 
safety in ready-to-eat/convenience foods. However, the 
MFDS only accounts for microbiological indicators. Al-
though microbiological indicators are an important fac-
tor to consider when establishing food quality standards, 
physicochemical and physical indicators characteristic to 
each food group are equally as important. Therefore, the 
current study aimed to establish the shelf life of vac-
uum-packaged grilled mackerel stored and distributed at 
temperatures of 5, −5, and −20°C based on changes in 
physicochemical properties, microbiological properties, 
and sensual quality of the product. The presented results 
are expected to serve as fundamental data for various in-
dustries, such as food manufacturers and institutional 
food services.

MATERIALS AND METHODS

Material
This study used mackerel (Scomber japonicus) caught in 
Korea and auctioned on the day of the experiment at a 
local market in Changwon. Fresh raw materials were pur-
chased and placed in an ice chest with ice and transported 
to the laboratory within 30 min. The head and intestines 
of the mackerel were removed, after which fish were fil-
leted [13.71±2.47 cm (width), 8.64±0.94 cm (length); 
average, 150 g]. The fillets were then seasoned with 0.6 
g of salt (NaCl 88%, Kkotsogeum, Sinyeong Corp.), sprin-
kled with 1 g of cooking oil, and baked in a preheated 
steam convection oven (RSCO-060E, Rinnai) for 20 min 
at 200°C. The internal temperature of the grilling mack-
erel was measured using a probe thermometer (Long 
Smart Thermometer, Foronemillion). The grilled mack-
erel was cooled at ambient temperature for 5 min, after 
which three fillets were vacuum-packaged together (HC- 
400S, Hansol Tech Corp.) using a multilayer film [nylon/ 
polyethylene (12%/58%): 35 cm (height)×25 cm (width) 
×0.07 cm (thickness)] (Hansol Tech Corp.). The pack-

aged fillets were stored for 70 days at three temperatures 
5, −5, and −20°C. All experiments were performed in 
triplicate.

Proximate composition, pH, and salinity
Proximate compositions of the grilled mackerel were de-
termined according to the procedure of the AOAC Inter-
national (1995). Specifically, the air-oven method was 
used for the quantification of moisture, the semi-micro 
Kjeldahl method for crude protein, the Soxhlet extraction 
method for crude lipid, and the dry ashing method for 
crude ash. Carbohydrates were determined as a percent-
age by subtracting moisture, crude protein, crude lipid, 
and crude ash. pH was measured by adding 50 mL of dis-
tilled water to 5 g of the sample, homogenizing the mix-
ture for 1 min using a homogenizer (T25 digital Ultra- 
Turrax, IKA), filtering it using a filter paper (Whatman 
no. 4), and measuring the filtrate using a pH meter (ST 
3100, Ohaus) at 25°C. To measure salinity, 90 mL of dis-
tilled water was added to 10 g of the sample and homo-
genized for 1 min, after which the salinity of the filtrate 
was measured using a salinity meter (CSF-2500, CAS).

Aerobic plate count (APC) and coliform count
APC and coliform were quantitatively analyzed according 
to the microbial testing method of the food code (MFDS, 
2021). Briefly, 10 g of the sample and 90 mL of sterile 
saline were combined in a sterilized filter bag (sample bag 
1930F, 3M Microbiology), after which the solution was 
homogenized at 230 rpm for 120 s using a stomacher 
(Blender stomacher 400 circulator, Seward) and further 
diluted 10-fold before being used. For APC, 1 mL of di-
luted sample solution was inoculated into two sheets of 
3M Petrifilm aerobic count plates (3M Microbiology) and 
cultured at 36°C for 48 h. The plate that generated the 
red colony was selected, and colonies were counted and 
presented as log colony-forming units (CFU)/g. Coli-
forms were inoculated with three Luria-Bertani broths 
(Difco) at each stage (1, 0.1, and 0.01 mL), cultured at 
36°C for 24 h, and considered positive when gas was 
generated in the Durham tube. The coliform count was 
expressed as log most probable number (MPN)/g.

Volatile basic nitrogen (VBN)
The VBN of the sample was measured by modifying the 
micro diffusion method (Ministry of Health, Labour and 
Welfare, 1960). More specifically, 2 g of the sample was 
mixed with 2 mL of 20% perchloric acid and 16 mL of 
distilled water, left still for 10 min, and filtered through 
a filter paper (Whatman no. 4), after which the superna-
tant was used as the test solution. Thereafter, 1 mL of the 
sample solution and 1 mL of 50% saturated K2CO3 solu-
tion were combined in the outer wall of the Conway unit 
(Shibata Co. Ltd.), and 1 mL of boric acid absorbent was 
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added (H3BO3, 10 g; ethyl alcohol, 200 mL; mixing in-
dicator, 10 mL) to the inner wall. The cover was imme-
diately closed, and the unit was incubated at 37°C for 80 
min and titrated with 0.01 N HCl.

Amino nitrogen (NH2-N)
Amino nitrogen analysis was performed according to the 
Formol method (Sørensen, 1907). Briefly, 5 g of the sam-
ple were added into a 100 mL volumetric flask, diluted 
to volume with distilled water, and filtered through a fil-
ter paper (Whatman no. 4). After adding 0.1 N of NaOH 
to 20 mL of the filtrate, the pH was adjusted to 8.5 using 
a pH meter, and 20 mL of 35% formalin was then added 
and titrated with 0.1 N NaOH until the pH was 8.5.

Trimethylamine (TMA)
TMA was measured by modifying the method of AOAC 
International (2000). Briefly, 10 g of the sample were 
mixed with 20 mL of 7.5% TCA and homogenized with 
a homogenizer for 5 min, after which the homogenate 
was added into a 100 mL volumetric flask, diluted to vol-
ume with distilled water, and filtered with a filter paper 
(Whatman no. 4). Next, 4 mL of the filtrate, 1 mL of 20% 
formalin, 10 mL of toluene, and 3 mL of 50% saturated 
K2CO3 were placed into a separatory funnel, immediately 
stoppered, shaken well, and allowed to stand for 10 min 
to collect the toluene layer. The separated toluene layer 
and 1 spoon spatula of Na2SO4 were added to the test 
tube and dehydrated. The dehydrated toluene solution 
and 0.02% picric acid were mixed in a 1:1 ratio by vol-
ume. The mixed solution was quantitatively analyzed 
from the calibration curve obtained using a standard sol-
ution of TMA hydrochloride (Sigma-Aldrich Corp.) and 
the absorbance values at 410 nm with an ultra-violet/ 
visible spectrophotometer (Libra S22, Biochrom Ltd.).

Thiobarbituric acid reactive substance (TBARS)
TBARS was measured using the steam distillation meth-
od of Tarladgis et al. (1960). Briefly, 2 g of the sample, 
97.5 mL of distilled water, and 2.5 mL of HCl were placed 
into a Kjeldahl flask, and 50 mL of the distillate was col-
lected within 30 min using a Kjeldahl distiller (C-KD6, 
Vision Lab Sciences). Thereafter, 5 mL of distillate and 5 
mL of 0.02 M thiobarbituric acid regent were mixed, 
boiled in a water bath at 98°C for 35 min, and then cooled 
to ambient temperature. The TBARS was quantitatively 
determined using the absorbance values at 531 nm meas-
ured using a spectrophotometer, and the calibration curve 
was obtained using a 1,1,3,3-tetraethoxypropane (Sigma- 
Aldrich Corp.) standard solution.

Sensory evaluation
Sensory evaluation was conducted after receiving approval 
from the Institutional Review Board (IRB No. 7001066- 

202109-HR-037) of Changwon National University, and 
informed consent was obtained. In a sensory evaluation 
room equipped with individual partitions, sensory evalu-
ations were conducted at 11 am or 4 pm by a panel of 17 
trained individuals who had no objection to seafood for 
a total of 11 times over 70 days. Grilled mackerel was cut 
into 2.0×2.5 cm portions and presented in an opaque dis-
posable plastic container (∅70) with a random three-dig-
it number. Bottled water for rinsing the mouth was pro-
vided before each sample was tested to minimize the ef-
fects of the previous sample. During the sensory evalua-
tion, the five items assessed were color, odor, taste, tex-
ture, and overall acceptance. Each item was evaluated 
using a 9-point hedonic scale (1 point, very unpleasant; 
9 points, very good), and the standard value of the qual-
ity limit of the sensory evaluation was set to 4.0 points.

Quality index selection and prediction of shelf life
To predict the shelf life, regression analysis to determine 
the relationship between storage period and quality index 
was divided into zero-order and first-order reactions. The 
quality index with the highest coefficient of determina-
tion (R2) was selected. The quality limit for the optimal 
quality index was set by substituting the sensual quality 
limit value into the regression equation for the selected 
quality index and the overall acceptance of the sensory 
evaluation. The absolute residual error (%) value between 
the predicted and experimental quality limit value for 
grilled mackerel was calculated and compared. In addi-
tion, the activation energy (Ea) value was obtained from 
equation [2], which modified the slope of the straight 
line [−Ea/R] when InK was the Y axis and 1/T was the X 
axis according to equation [1], in which the Arrhenius 
equation was modified (MFDS, 2019).

InK=InA− Ea ( 1 ) [1]
R T

Ea=−Slope×R [2]

                A: Arrhenius constant

Any temperature not tested was predicted through the 
reaction rate constant (K), activation energy (Ea, cal/mol), 
gas constant (R, 1.987 cal/mol), absolute temperature 
(T), and slope values obtained in the experiment. Final-
ly, the shelf life was calculated using the reaction rate 
constant and Q10-value equation [3]. 

Q10=
kT+10 [3]

kT

                  k: reaction rate constant
                  T: absolute temperature
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Table 1. Proximate composition and salinity of raw and grilled mackerel fillets (unit: %)

Moisture Crude protein Crude lipid Crude ash Total sugar1) Salinity (w/v)

Raw 61.80±1.35 17.09±1.46 (44.74) 19.02±0.71 (49.80) 1.50±0.34 (3.93) 0.60 0.97±0.12
Grilled2) 49.55±1.10 26.29±0.47 (52.11) 21.80±1.04 (43.21) 1.85±0.12 (3.67) 0.51 1.46±0.21
t-Value 12.145*** —10.402*** —3.827* 5.904 − −

Values are expressed as mean±SD (n=3).
Values in parentheses indicated dry basis.
1)100−(moisture+crude protein+crude lipid+crude ash).
2)Heated in the oven (200°C for 20 min).
*P<0.05 and ***P<0.001 via the t-test.
−, not measured.

Table 2. Quality properties of raw and grilled mackerel fillets

pH VBN
(mg/100 g)

NH2-N
(mg/100 g)

TMA
(mg/100 g)

TBARS
(mg/kg)

APC
(log CFU/g)

Coliform
(log MPN/g)

Raw 6.08±0.04 3.95±0.53 90.56±5.88 2.10±0.10 0.05±0.02 3.30±0.14 0.78±0.46
Grilled1) 6.10±0.08 19.84±0.24 110.42±1.58 5.55±0.22 0.11±0.00 ND ND
t-Value —0.481 —47.182*** —5.648** —24.476*** —5.214** 41.576*** 2.975

Values are expressed as mean±SD (n=3).
1)Heated in the oven (200°C for 20 min).
**P<0.01 and ***P<0.001 via the t-test.
VBN, volatile basic nitrogen; NH2-N, amino nitrogen; TMA, trimethylamine; TBARS, thiobarbituric acid reactive substance; APC, 
aerobic plate count; ND, not detected.

Statistical analysis
Statistical analyses to determine the means and standard 
deviations were performed using SPSS version 27.0 (IBM 
Corp.). Significance (P<0.05) was established using Dun-
can’s multiple range test after one-way ANOVA.

RESULTS AND DISCUSSION

Proximate composition of raw and grilled mackerel
The proximate composition of mackerel is detailed in Ta-
ble 1. After heating, we observed a decrease in the mois-
ture content of grilled mackerel decreased from 61.80% 
to 49.55% (P<0.05), an increase in the crude protein and 
crude lipid contents (P<0.05), and no significant change 
in crude ash content. In terms of dry matter, the crude 
lipid content in grilled mackerel decreased from 49.80% 
to 43.21% after grilling, presumably due to the outflow 
of moisture and lipids resulting from muscle contraction 
caused by protein denaturation during heating. Conse-
quently, we observed a decreased in the ratio of moisture 
to crude lipid content with a relative increase in crude 
protein content.

The salinity of the grilled mackerel evaluated herein 
was 1.46% (350.4 mg of sodium/60 g of grilled macker-
el). Park (2007) previously reported a salinity of 2.75% 
in 50 g of grilled mackerel per person provided by the in-
stitutional food services. Kwon and Kim (2015) also re-
ported a salinity of 624.6 mg of sodium/100 g of grilled 
mackerel and 456.9 mg of sodium/100 g of low-salt mack-
erel provided by institutional food services. Therefore, 

the grilled mackerel evaluated in the current study can be 
considered a low-sodium food suitable for institutional 
food services.

Changes in pH, APC, and coliform count
Generally, the pH of fresh fish after death varies between 
5.5 and 6.5 (Arnold and Brown, 1978), with our raw 
mackerel having a pH of 6.08 (Table 2). Over time, the 
pH increased from 6.10 to 6.23∼6.26 on the 6th day of 
storage at 5°C, 12th day of storage at −5°C, and 20th day 
of storage at −20°C (data not shown). Thereafter, the pH 
decreased to 6.09∼6.12 on the 9th day of storage at 5°C, 
20th day of storage at −5°C, and 27th day of storage at 
−20°C. However, the pH remained stable (ranging from 
6.09 to 6.26) throughout the 70 days of storage independ-
ent of the temperature.

Raw mackerel had an APC of 3.30 log CFU/g and coli-
form count of 0.78 log MPN/g (Table 2). The APC and 
coliform count could not be detected in grilled mackerel, 
regardless of temperature, for the entire 70 days of stor-
age (data not shown). These results suggest a reduction 
in the microorganisms when the internal temperature of 
grilled mackerel exceeded 85°C for 17 min.

Changes in VBN and NH2-N
In general, studies have shown that extremely fresh, nor-
mal fresh, and spoiled fish have a VBN content of 5∼10, 
15∼25, and 50 mg or more/100 g (Kim et al., 1998). The 
VBN content of raw mackerel in the current study was 
3.95 mg/100 g, indicating that the samples used in our 
experiments were fresh (Table 2). Changes in VBN con-
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Fig. 1. Changes in volatile basic nitrogen (VBN) contents of gril-
led mackerel fillet during storage at 5, —5, and —20°C, respec-
tively. Different letters within a day (A-C) and temperature (a-d) 
are significantly different by Duncan’s multiple range test (P< 
0.05).

Fig. 2. Changes in amino nitrogen (NH2-N) contents of grilled 
mackerel fillet during storage at 5, —5, and —20°C, respectively. 
Different letters within a day (A-C) and temperature (a-e) are 
significantly different by Duncan’s multiple range test (P<0.05). 

Fig. 3. Changes in trimethylamine (TMA) contents of grilled 
mackerel fillet during storage at 5, —5, and —20°C, respectively. 
Different letters within a day (A-C) and temperature (a-d) are 
significantly different by Duncan’s multiple range test (P<0.05).

tent during the storage of grilled mackerel are summar-
ized in Fig. 1. The VBN content of grilled mackerel stored 
at 5°C was significantly higher than that of grilled mack-
erel stored at −5°C and −20°C (P<0.05). Immediately 
after storage at 5°C, the VBN content continued to in-
crease from 19.84 to 24.94 mg/100 g on day 6 of storage, 
thereafter maintaining a gentle progression curve. Those 
stored at −5°C and −20°C showed an in increase in VBN 
content to 22.05 and 21.75 mg/100 g on day 3 of storage, 
respectively, and remained at a constant level until the 
end of the 70 days of storage (P<0.05). However, those 
stored at 5°C showed a decrease in VBN content after 
reaching 25.60 mg/100 g on day 37 of storage. These re-
sults were similar to those of Lee et al. (1983) on the 
preservation of the quality of baked mackerel stored at 
refrigeration, freezing, and partially freezing temper-
atures, which showed that the VBN content of baked 
mackerel increased from 16 mg/100 g at the beginning 
of storage to 22 mg/100 g on day 4 of storage and kept 
constant thereafter. Evidence suggests that once the pro-
tein is completely decomposed, the amount of VBN, such 
as ammonia nitrogen and amine, is reduced.

The changes in NH2-N content during storage of gril-
led mackerel are presented in Fig. 2. Before storage, the 
NH2-N content was 110.42 mg/100 g, which increased 
rapidly to 138.74 mg/100 g on day 3 of storage at 5°C 
and then maintained a constant value until day 37 of 
storage. Storage at −5°C promoted a lesser increase in 
NH2-N content compared to that at 5°C; however, 
NH2-N content increased rapidly to 128.63 mg/100 g on 
day 3 of storage at −5°C and remained at a constant lev-
el thereafter. On the other hand, storage at −20°C pro-
moted a gradual increase in NH2-N content until day 70 
of storage. Notably, the NH2-N content decreased from 
day 37 of storage at 5°C, which is expected to impact the 
VBN content.

Changes in TMA
Most fish produce odorless TMA oxide during metabolic 
processes, which can afterwards be decomposed into 
TMA by reduction reactions catalyzed by autolytic en-
zymes or enzymes secreted by bacteria, leading to a char-
acteristic fishy smell (Lee et al., 2016). Usually, the onset 
of spoilage occurs when the TMA content exceeds 3∼4 
mg/100 g (Song et al., 2005). The TMA content of the 
sample used in this experiment was 2.10 mg/100 g, 
which corresponds to fresh fish (Table 2). The changes 
in TMA content during the storage of grilled mackerel 
are detailed in Fig. 3. As storage progressed, the TMA 
content increased regardless of temperature, with grilled 
mackerel stored at 5°C, in particular, showing the largest 
values. The TMA content of grilled mackerel before stor-
age was 5.55 mg/100 g but increased significantly to 
6.77 mg/100 g on the 3rd day of storage at 5°C, to 6.30 
mg/100 g on the 6th day at −5°C, and to 6.41 mg/100 g 
on the 27th day of storage at −20°C (P<0.05). Park et 
al. (2016) reported that the TMA value of fresh mackerel 
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Fig. 4. Changes in thiobarbituric acid reactive substance 
(TBARS) value of grilled mackerel fillet during storage at 5, —5, 
and —20°C, respectively. Different letters within a some period 
(A-C) are significantly different by Duncan’s multiple range test 
(P<0.05). NS, not significant.

Table 3. Sensory evaluation of grilled mackerel fillets during storage at 5, —5, and —20°C

Temperature (°C)
Storage period (day)

0 12 27 37 50 70

Color
  5 8.88±0.33 5.88±1.69a 4.12±2.18a 3.06±1.09a 3.35±1.27a 3.18±1.47a

  —5 8.88±0.33 5.88±1.54a 6.18±1.59b 5.76±1.52b 4.47±1.81a 5.35±1.84b

  —20 8.88±0.33 7.35±1.80b 6.24±1.48b 6.35±1.69b 6.82±1.88b 6.00±1.66b

Odor
  5 8.88±0.33 5.71±1.72a 3.00±1.90a 2.82±1.07a 3.00±1.17a 1.65±0.79a

  —5 8.88±0.33 5.71±1.36a 5.53±1.50b 4.47±1.46b 4.88±1.87b 4.29±1.79b

  —20 8.88±0.33 7.53±1.42b 6.18±1.59b 6.59±1.54c 6.41±1.84c 6.24±1.60c

Taste
  5 8.88±0.33 5.59±1.66a 3.12±2.15a − − −
  —5 8.88±0.33 6.65±0.93b 6.12±1.65b 4.76±1.52a 4.71±1.69a 4.18±1.81a

  —20 8.88±0.33 7.35±0.86b 6.65±1.27b 6.65±1.58b 6.59±1.84b 6.59±1.28b

Texture
  5 8.94±0.24 6.24±1.56ns 3.53±2.45a − − −
  —5 8.94±0.24 6.65±1.73 6.59±1.50b 5.71±1.69a 5.24±1.89a 4.76±2.36a

  —20 8.94±0.24 6.53±1.66 6.82±1.63b 6.76±1.60b 6.06±2.11a 6.24±1.60b

Overall acceptance
  5 8.88±0.33 6.00±1.46a 3.12±2.26a 3.00±0.79a 2.82±1.13a 1.76±0.66a

  —5 8.88±0.33 6.47±0.80a 5.76±1.35b 4.88±1.73b 4.59±1.46b 4.18±1.74b

  —20 8.88±0.33 7.47±1.07b 6.71±1.10b 6.65±1.54c 6.65±1.84c 6.47±1.28c

Values are expressed as mean±SD (n=17).
Means with different letters in the same column (a-c) indicate significant differences using Duncan’s multiple range test (P<0.05).
ns, not significant; −, not measured.

stored at 4°C increased rapidly between 3 and 6 days of 
storage. Jo et al. (1988) also found that the TMA content 
increased rapidly after 4 days of storing vacuum-packaged 
mackerel at 5°C, indicating a difference in the TMA con-
tent compared to control. In summary, our results sug-
gest that TMA was mostly affected by temperature, fol-
lowed by the packaging method.

Changes in TBARS
Changes in TBARS content during storage of grilled 
mackerel are presented in Fig. 4. The TBARS contents of 

grilled mackerel stored at 5°C and −5°C were significant-
ly higher than those of grilled mackerel stored at −20°C 
(P<0.05). The TBARS content increased to 0.25 and 0.23 
mg/kg on day 3 of storage at 5°C and day 6 of storage at 
−5°C, respectively, and then continuously decreased to 
0.11 mg/kg until day 50 of storage. Storage at −20°C 
promoted a relative smaller change in TBARS content 
that did storage at 5°C and −5°C. However, regardless 
of the storage temperature, TBARS content tended to in-
crease from day 50 to day 70 of storage. Ryu et al. (2002), 
who analyzed the effects of seasoning on the lipid oxida-
tion safety of roasted mackerel, reported that salt pro-
moted lipid oxidation during the storage period and that 
the fatty acid composition decreased after heating. In the 
current study, the change in TBARS content occurred at 
the beginning of storage due to initial lipid acidification 
caused by heating and salt. Moreover, we found that 
PUFA was oxidized and malonaldehyde was rapidly gen-
erated but that malonaldehyde generation decreased as 
PUFA decreased. Future additional experiments are re-
quired, in particular, due to the observation that TBARS 
content tended to increase from day 50 to day 70 of stor-
age.

Sensory evaluation
The results for the sensory evaluation of grilled mackerel 
according to storage temperature and period are pre-
sented in Table 3. Except for texture, the other four 
items, namely color, odor, taste, and overall acceptance, 
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Table 4. Correlation between storage period and quality index of grilled mackerel fillet across various storage temperatures

Quality index Reaction order Temperature (°C) Regression equation R2 Activation energy (cal/mol)

pH Zero-order 5 Y=0.0013X+6.1575 0.1574 4,149.05
—5 Y=0.0008X+6.1680 0.0500

—20 Y=0.0006X+6.1602 0.0304
First-order 5 Y=0.0002X+1.8176 0.1576 3,488.97

—5 Y=0.0001X+1.8193 0.0510
—20 Y=0.0001X+1.8181 0.0310

VBN Zero-order 5 Y=0.0549X+23.561 0.2367 4,596.33
—5 Y=0.0261X+21.770 0.2247

—20 Y=0.0226X+21.087 0.3287
First-order 5 Y=0.0024X+3.1548 0.2329 5,892.45

—5 Y=0.0012X+3.0792 0.2219
—20 Y=0.0008X+3.0523 0.3153

NH2-N Zero-order 5 Y=0.1856X+133.45 0.0999 —6,031.14
—5 Y=0.3486X+123.80 0.5309

—20 Y=0.5646X+114.33 0.8977
First-order 5 Y=0.0015X+4.8886 0.1049 —5,986.83

—5 Y=0.0027X+4.8172 0.4969
—20 Y=0.0045X+4.7407 0.8824

TMA Zero-order 5 Y=0.0679X+6.6969 0.8089 4,485.45
—5 Y=0.0381X+5.8429 0.8985

—20 Y=0.0292X+5.5797 0.9769
First-order 5 Y=0.0087X+1.9012 0.7435 3,287.49

—5 Y=0.0058X+1.7682 0.8697
—20 Y=0.0047X+1.7223 0.9722

TBARS Zero-order 5 Y=—0.0021X+0.2087 0.3517 2,179.34
—5 Y=—0.0010X+0.1761 0.1771

—20 Y=—0.0013X+0.1424 0.7192
First-order 5 Y=—0.0119X1.5993 0.3553 —747.57

—5 Y=—0.0058X1.7622 0.1688
—20 Y=—0.0121X1.9366 0.7771

VBN, volatile basic nitrogen; NH2-N, amino nitrogen; TMA, trimethylamine; TBARS, thiobarbituric acid reactive substance.

changed significantly according to the storage tempera-
ture from day 12 of storage (P<0.05). No significant dif-
ferences in the aforementioned items were observed ac-
cording to storage period, but the preference decreased 
as the storage period increased. Compared to the scores 
for other items assessed, those for color and texture ex-
hibited a slighter decrease due to the period of storage. 
In the case of odor, taste, and overall acceptance, a score 
of <4 was recorded on day 27 at 5°C, whereas the initial 
score of 4 was reached on day 70 at −5°C. In contrast, 
those stored at −20°C maintained a score of 6 until day 
70 of storage. These results show that the increase in 
TMA content during storage significantly affects sensory 
evaluation (Fig. 3).

Selection of quality index and prediction of shelf life
To select the quality index for grilled mackerel, micro-
organisms that were not detected during storage were 
therefore excluded from the analysis. The results for the 
regression analysis obtained for pH, VBN, NH2-N, TMA, 
and TBARS according to storage temperature and period 
are detailed in Table 4. TMA and NH2-N showed a strong 
correlation with an R2 value of ≥0.8 in the zero-order 

and first-order reaction equations. In particular, changes 
in TBARS content during the storage period decreased af-
ter the initial increase; hence, regression analysis showed 
an R2 value as low as 0.7771, which is an unreasonable 
quality index. However, regression analysis of TBARS 
content from days 6 to 50 of storage showed a decreasing 
trend, with an R2 value in the first-order reaction equa-
tion of 0.9524, indicating a strong correlation (data not 
shown). This suggests that TBARS content can be used 
as a quality index for lipid oxidation in grilled mackerel, 
but TMA showed the strongest correlation, with an R2 
value of 0.9769 in the zero-order reaction equation. Thus, 
this parameter was selected as the quality index for pre-
dicting the shelf life of grilled mackerel. Yu et al. (2019), 
who measured the change in TMA content in cutlassfish 
during refrigerated storage, also reported that TMA, but 
not pH and VBN, were suitable fish freshness indicators.

The results of the regression analysis on TMA, a qual-
ity index of grilled mackerel, and overall acceptance were 
substituted into the zero-order reaction formula with 
the largest coefficient of determination (R2=0.9641), and 
the quality limit of TMA was 8.74 mg/100 g. We verified 
that the suitability of the regression equation was pre-
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Table 5. Validation of the predicted and experimental values for the TMA content of grilled mackerel fillets

Quality index Temperature (°C) Storage period (day) Predicted value (mg/100 g) Experimental value (mg/100 g) Error (%)

TMA 5 30.08 8.74 9.13±0.04 4.27
—5 76.02 8.14±0.06 7.37

TMA, trimethylamine.

Table 6. Predicted shelf life of grilled mackerel fillets based on the quality index

Quality index Temperature
(°C)

Reaction rate 
constant (K)

Activation 
energy

(cal/mol)
Q10-Value

(—5°C to —15°C)
Storage 
period
(day)

Predicted 
shelf life1)

(day)

Measured 
shelf life2)

(day)

TMA 5 0.0679 4,485.45 1.1687 30.08 21.06 23.82
—5 0.0381 76.02 53.21 74.63

—15 0.0326 88.84 62.19 −
—20 0.0292 108.20 75.74 −

1)Storage period×0.7.
2)The overall acceptability of the sensory test is 4 points.
TMA, trimethylamine; −, not measured.

dicted to be <10% of the predicted TMA quality limit 
for each temperature storage period and the experimen-
tal value of TMA for grilled mackerel stored at 5°C and 
−5°C for 30 and 76 days, respectively (Table 5).

The predicted shelf life, which was calculated using 
the K value and Q10-value for each temperature of TMA, 
and the measured shelf life obtained through the experi-
ments are presented in Table 6. The non-experimental 
temperature was set to −15°C, which was higher than 
the freezing temperature (−17.8°C) of food distributed 
in supermarkets across Korea. Thereafter, using the Ar-
rhenius equation, the K value at −15°C was found to be 
0.0326. Therefore, this study established that grilled 
mackerel can be stored for 30.08 days at 5°C, 76.02 days 
at −5°C, 88.84 days at −15°C, and 108.20 days at 
−20°C. Importantly, when multiplying these numbers by 
a safety factor of 0.7, the predicted shelf life was 21.06 
days at 5°C, 53.21 days at −5°C, 62.19 days at −15°C, 
and 75.74 days at −20°C. However, based on the sen-
sory evaluation of this study, the measured shelf life was 
23.82 days at 5°C and 74.63 days at −5°C, which were 
longer than the predicted values. These results show that 
the predicted value is the shelf life multiplied by a safety 
factor of 0.7, which indicates the allowed duration a prod-
uct is to be sold to the consumer from the date of manu-
facture, and that the measured value is the use-by date 
with no safety concerns even if consumers consume it. 
Therefore, there was a large difference between the pre-
dicted (shelf life) and measured values (use-by date). Ko 
(2006), who examined consumers’ perceptions of the 
food labeling standards, revealed that 84.8% of 500 con-
sumers answered that they should not consume food that 
has passed the shelf life. The mentioned study also found 
that several consumers misunderstood the differences 
between shelf life and use-by date. In addition, Gim 

(2012), who conducted focus group interviews with peo-
ple in their 20s to 80s, revealed that 67% of the respond-
ents thought they could not eat expired food, which they 
discarded or used for other purposes given that they dis-
played a defensive attitude toward the lack of clear stand-
ards for how long a product can be consumed.

In conclusion, the current study showed that shelf life 
of vacuum-packaged grilled mackerel is 21 days at 5°C, 53 
days at −5°C, 62 days at −15°C, and 75 days at −20°C, 
whereas the use-by date is 23 days at 5°C and 74 days at 
−5°C. Therefore, our finding suggest that displaying both 
the shelf life and use-by date alongside one another to 
inform customers regarding the actual deadline for con-
sumption can reduce food waste and further contribute 
toward environmental protection by reducing greenhouse 
gas emissions.

FUNDING

None.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Concept and design: YJC, JHP. Analysis and interpreta-
tion: JHP, SJK, EJL, JEL. Data collection: JHP. Writing 
the article: JHP. Critical revision of the article: YJC. Final 
approval of the article: all authors. Statistical analysis: 
JHP. Overall responsibility: HKM.



208  Park et al.

REFERENCES

Arnold SH, Brown WD. Histamine (?) toxicity from fish products. 
Adv Food Res. 1978. 24:113-154.

AOAC International. Official methods of analysis of AOAC Inter-
national. 16th ed. AOAC International. 1995. Method no. 925. 
23

AOAC International. Official methods of analysis of AOAC Inter-
national. 17th ed. AOAC International. 2000. Method no. 971. 
14

Gim CM. Regulatory labeling standards and interpretation about 
shelf-life related information and consumption behavior. Ko-
rean J Consum Advert Psychol. 2012. 205-227.

Gwak HJ, Eun JB. Chemical changes of low salt Gulbi (salted and 
dried yellow corvenia) during hot-air drying with different tem-
peratures. Korean J Food Sci Technol. 2010. 42:147-154.

Jeong BY, Choi BD, Moon SK, Lee JS. Fatty acid composition of 
72 species of Korean fish. J Fish Sci Technol. 1998. 1:129-146.

Jo KS, Kim HK, Kang TS, Shin DH. Effect of packaging method on 
the storage stability of filleted mackerel products. Korean J 
Food Sci Technol. 1988. 20:6-12.

Joo SY, Park JA, Hwang HJ, Kim SJ, Choi JI, Ha JY, et al. Effects 
of freezing-storage temperature on the shelf life of mackerel 
fish. Korean J Food Sci Technol. 2016. 48:536-541.

Kim DK, Park IS, Kim NS. Determination of chemical freshness 
indices for chilled and frozen fish. Korean J Food Sci Technol. 
1998. 30:993-999.

Kim K, Yoo J, Lim S, Kim J, Myeong S, Seok J. The use of domestic 
agricultural ingredients and improvement measures for the 
home meal replacement (HMR) industry. Korea Rural Eco-
nomic Institute. 2020. p 55-56. 

Kim YH, Lee DS, Kim JC. Effect of blanching on textural properties 
of refrigerated and reheated vegetables. J Korean Soc Food Sci 
Nutr. 2004. 33:911-916.

Korea Maritime Institute. Changes in seafood consumption behav-
ior. KMI Infographic No. 34. 2021 [cited 2022 Nov 24]. Avail-
able from: https://www.kmi.re.kr/web/trebook/view.do? 
rbsIdx=292&page=3&idx=41

Korea Maritime Institute. Results of a public perception survey 
on oceans and fisheries. 2022 [cited 2022 Dec 20]. Available 
from: https://www.kmi.re.kr/web/board/list.do?rbsIdx=297

Ko E. An analysis of foods labeling standards. Master’s thesis. 
Seoul National University. 2006.

Kwon SB, Kim HY. Sensory characteristics of step-by-step sodium 
reduction on frequently used high sodium foods in the institu-
tional food service industry. Korean J Food Cook Sci. 2015. 
31:465-476.

Lee EH, Kim JG, Ha JH, Oh KS, Cha YJ. Partial freezing as a means 

of keeping quality of sea foods. 1. Keeping quality of baked 
mackerel muscle during partially frozen storage. Korean J Food 
Nutr. 1983. 12:62-65.

Lee HJ, Moon TH, Noh BS, Jang PS, Baek HH, Lee KG, et al. Food 
chemistry. Soohaksa Press. 2016. p 337.

Lingnert H, Eriksson CE. Antioxidative maillard reaction products. 
I. Products from sugars and free amino acids. J Food Process 
Preserv. 1980. 4:161-172.

Ministry of Food and Drug Safety. Food code. 2021 [cited 2022 
Nov 24]. Available from: https://www.foodsafetykorea.go.kr/ 
foodcode/index.jsp

Ministry of Food and Drug Safety. Guidelines for setting shelf life 
for food, animal products, and healthy functional foods. Minis-
try of Food and Drug Safety. 2019. p 72-75.

Ministry of Health, Labour and Welfare. Guide to the experiment 
of sanitary inspection－I. Volatile basic nitrogen. Ministry of 
Health, Labour and Welfare. 1960. p 30-32.

Ministry of Oceans and Fisheries. Survey on the current status of 
the seafood production and distribution industry in 2020. 2021 
[cited 2022 Jul 27]. Available from: https://www.mof.go.kr/ 
upload/whitebook/43035/book.pdf

Park MJ. Analysis of salt content in the foods of a industy food-
service operation and eat-out restaurants in the Daegu area, 
and development plan for a low-sodium diet. Master’s thesis. 
Kyungpook National University. 2007.

Park SH, Kim MJ, Kim GU, Choi HD, Park SY, Kim MJ, et al. As-
sessment of quality changes in mackerel Scomber japonicus dur-
ing refrigerated storage: development of a freshness indicator. 
Korean J Fish Aquat Sci. 2016. 49:731-736.

Ryu HS. Nutrition and quality of seafood protein. The East Asian 
Society of Dietary Life Conference. 2004 May 1. p 67-80.

Ryu SH, Lee YS, Moon GS. Effects of salt and soysauce condiment 
on lipid oxidation in broiled mackerel (Scomber japonicus). J 
Food Sci Technol. 2002. 34:1030-1035.

Song HN, Lee DG, Han SW, Yoon HK, Hwang IK. Quality changes 
of salted and semi-dried mackerel fillets by UV treatment dur-
ing refrigerated storage. Korean J Food Cook Sci. 2005. 21:662- 
668.

Sørensen SPL. Enzymstudien I: Über die quantitative messung 
proteolytischer spaltungen, die formoltitrierung. Biochem Z. 
1907. 7:45-101.

Tarladgis BG, Watts BM, Younathan MT, Dugan L Jr. A distillation 
method for the quantitative determination of malonaldehyde 
in rancid foods. J Am Oil Chem Soc. 1960. 37:44-48.

Yu JW, Kim HJ, Seol DE, Ko JY, Kim SH, Yang JY, et al. Evaluation 
of largehead hairtail Trichiurus lepturus freshness using sens-
ory and chemical analyses. Korean J Fish Aquat Sci. 2019. 52: 
735-739.


