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Abstract: Surimi‑based products typically demand cold storage and a cold chain distribution sys‑
tem, which not only affects their physical properties and flavor but also escalates production costs.
In this study, we introduced a novel high‑temperature and high‑pressure retort processing method
to enable room temperature storage and distribution of a surimi‑based product, a fish paste cake.
Our optimization efforts focused on refining the processing conditions for the fish paste cake. This
included incorporating transglutaminase, sugar additives, natural herbal or seaweed extracts, and
optimizing retort processing conditions to enhance textural properties, minimize browning and off
flavor, and extend the shelf‑life of the product. Our results demonstrated that the addition of 0.3%
ACTIVA TG‑K, 1.0% trehalose, and 0.5% sea tangle extract during the production process signifi‑
cantly enhanced the gel strength, minimized browning, and improved the overall flavor of the fish
paste cake prototype. Importantly, the developed prototype exhibited favorable biochemical, tex‑
tual, nutritional, and sensory properties, extending the shelf‑life up to 160 days without compro‑
mising physical, chemical, or sensory attributes. In addition, the developed prototype exhibited
improved elasticity, compared to control groups. The innovative process not only facilitates room
temperature storage and distribution of surimi‑based products but also holds potential for generat‑
ing additional profits.

Keywords: gel strength; high‑pressure processing; high‑temperature processing; product
optimization; response surface methodology; shelf‑life; surimi‑based products; trehalose

1. Introduction
Fish‑paste products, also known as fish cakes or fish paste cakes, are produced from

frozen surimi, a refined fish myofibrillar protein, popular in Korea, Japan, and China [1].
Surimi undergoes various processing steps, including heading, filling, mincing, washing,
de‑watering, refining, mixing with cryoprotectants, freezing, and metal detection for Haz‑
ard Analysis Critical Control Point (HACCP) compliance [2]. Its excellent gelling proper‑
ties make it an ideal ingredient for products like fish cakes [1,3]. Recently, fish paste cake
has emerged as a representative Korean food product (K‑food), poised to drive growth
in the domestic and international fishery industry markets. The Korean domestic fish
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paste cake market reached approximately KRW 1 trillion in 2018, with steady growth in
retail store sales and anticipated increases in exports [4]. However, challenges persist in
expanding both domestic and international markets, due to the short shelf‑life of non‑
thermally sterilized fish cake products. Non‑sterilized fish paste cakes typically have a
distribution period of up to 10 days and require refrigerated transportation, limiting dis‑
tribution channels (personal communication, Yongjoon Park, CEO Samjin Co., Ltd., Busan,
Republic of Korea), and as it is an item that requires the application of the Cold Chain
System (refrigerated distribution), there are many restrictions on distribution. Export‑
ing these products requires freezing, which can lead to texture issues, such as spongi‑
ness during storage and dripping upon thawing [5,6]. Efforts have been made to develop
room temperature‑stable products through high‑temperature and high‑pressure steriliza‑
tion processes [7–9]. However, such processes often result in softening and rapid brown‑
ing of fish paste cakes, compromising sensory qualities. Furthermore, thawed fish cake
products may experience nutrient loss, textural changes, and alterations in taste and ap‑
pearance [10].

High‑temperature and high‑pressure sterilization can extend the shelf‑life of cooked
foods packed in retort pouches by 1 to 2 years, depending on the product [11,12]. Trans‑
glutaminase (TGs) enhances food texture by facilitating deamination, amine incorpora‑
tion, and protein cross‑linking [13]. Previous studies have utilized TGs to improve the gel
strength and water‑binding capacity of canned fish balls retorted at 116 ◦C for
30 min [14,15]. Panelists generally rated the appearance, color, flavor, texture, and over‑
all liking of these products at a moderate level [15,16]. Notably, Muoi et al. [17] found
that the addition of 0.7% TGs significantly enhanced the gel properties of fried fish cakes
made from frozen snakehead fish surimi, while dos Santos et al. [18] reported improved
textural and sensory properties in soy‑based hybrid sausages with the addition of 0.25%
TGs. In this study, we aimed to enhance the storage characteristics of fish paste cake using
high‑temperature and high‑pressure processing, whileminimizing associated decreases in
physical properties by incorporating edible TGs. Additionally, we sought to optimize ster‑
ilization conditions tominimize damage to actomyosin, a key protein in fish cake products.

Maillard reactions during food processing can alter protein digestibility, functional‑
ity, and organoleptic properties, affecting food color [19]. Controlling Maillard reactions
is crucial for maintaining desirable food quality, especially during production and stor‑
age. Sugar additives, such as glucose, sucrose, and trehalose, are commonly added during
high‑pressure processing to prevent discoloration and extend shelf‑life [19,20]. Trehalose,
in particular, is favored for its superior stabilization properties [21–23]. As a non‑reducing
disaccharide composed of two glucose molecules linked by an α, α‑1,1 linkage [24], tre‑
halose serves as a stabilizer and protectant against protein denaturation caused by various
stress conditions [25,26]. To prevent browning of steamed fish paste cake during high‑
temperature and high‑pressure treatment, we opted for trehalose instead of sucrose.

Off flavors and odors in food products, induced by factors such as heat, desicca‑
tion, and oxidation, can compromise sensory properties, nutritional aspects, and overall
food quality. Yamazawa et al. [27] observed browning and off‑flavors in Kamaboko, a
processed seafood product, when retorted at temperatures exceeding 115 ◦C. Driven by
consumer preferences, interest in natural additives derived from herbs and seaweed is
growing [1,28,29]. Therefore, we incorporated various herbal and seaweed extracts dur‑
ing fish cake processing, to mitigate off‑flavors and enhance overall sensory perception.

In this study, we developed a prototype of steamed fish paste cake suitable for room
temperature distribution. By utilizing TGs to maintain elasticity, trehalose to prevent
browning, and herbal extracts to enhance flavor, we aimed to address the deterioration of
physical properties associatedwith high‑temperature and high‑pressure processing, while
improving sensory attributes.



Processes 2024, 12, 795 3 of 26

2. Materials and Methods
2.1. Materials

Basil and bay leaf were sourced from Solpyofood Co., Ltd., Namyangju, Republic of
Korea. Coriander was purchased from Dobe Co., Ltd., Gunpo, Republic of Korea. Green
tea powder was purchased from Danongwon Co., Ltd., Eumseong, Republic of Korea.
Dried sea tangle (Saccharina japonica) was purchased from Jeilmulsan Co., Ltd., Wando,
Republic of Korea. Frozen Alaska Pollock (Gadus chalcogrammus) surimi (AA grade) was
procured from Westward seafood Inc., Bellevue, WA, USA. Refined salt was purchased
from Solar salt Co., Ltd., Gwangju, Republic of Korea. Sugar was purchased from Cheil
Jedang Co., Ltd., Seoul, Republic of Korea. Potato starch was purchased from Dongafood
Co., Ltd., Ulsan, Republic of Korea. Tapioca starch was purchased from Moafood Co.,
Ltd., Gwangju, Republic of Korea. Fish meat extract was procured from Jinsung FM Co.,
Hwaseong, Republic of Korea. Sodium glutamate was purchased from Cheil Jedang,
Jakarta, Indonesia. Egg white powder was purchased from Eurovo SRL Co., Ltd., Emilia‑
Romagna, Italy. Glycine was purchased from Hebei huayang biological technology Co.,
Ltd., Hengshui, China. Phosphate complex was purchased from Polymix, Seodo bni Co.,
Ltd., Hwaseong, Republic ofKorea. ACTIVATG‑Kwaspurchased fromAjinomoto, Tokoy,
Japan. Trehalose was purchased from Tongliao meihua biological technology Co., Ltd.,
Langfang, China; glucose from Q‑1 Co., Ltd., Seoul, Republic of Korea; D‑xylose from
Healtang biotech Co., Ltd., Jinan, China; and sucrose from Cheil Jedang Co., Ltd., Seoul,
Republic of Korea. The plain film used for measuring gel strength was purchased from
Type‑EDL Clear, Krehalon Flim, KUREHA Corporation, Tokyo, Japan. Materials for gel
electrophoresis were purchased from Bio‑Rad, Hercules, CA, USA. Dry films for bacterial
analysis were sourced from 3 M Co., Ltd., Saint Paul, MN, USA. Sasa‑kamaboko (ささ‑
かまぼこ in Japanese; Sanriku Fish Paste Co., Ltd., Kesennuma, Japan) and the steam fish
original (Daekwang F & C Co., Ltd., Busan, Republic of Korea) were used as control 1 and
2, respectively.

2.2. Manufacturing Herbal Extracts
Each herb (basil, bay leaf, or coriander), or seaweed (dried sea tangle) wasmixedwith

drinking water at a ratio of 1:3 and cooked in an induction cooktop (IH101PIN01; Rinnai
Co., Ltd., Incheon, Republic of Korea) for 10 min at 100 ◦C. In the case of herbal extract
using green tea powder, the mixture was cooked at 80 ◦C instead of 100 ◦C. The extracts
were cooled to room temperature, and then filtered through a 10‑mesh sieve before use.

2.3. Manufacturing Steamed Fish Paste Cake
Steamed fish paste cakes were prepared following the procedure depicted in Figure 1.

Alaska Pollock surimi served as the primary ingredient for preparing the fish cakes. These
cakes were steamed using a steamer machine (CHDC–500, Chungha Machinery Co., Ltd.,
Busan, Republic ofKorea), then vacuumpackedutilizing a vacuumpacker (TPS‑V75,MAP‑
PACK, Hwaseong, Gyeonggi‑do, Republic of Korea), and finally subjected to retort steril‑
ization (Retort sterilization, PRS‑06‑I, KYUNGHAN Co., Ltd., Gyeongsan, Republic of Ko‑
rea) at high temperatures, ranging from 107.9–122.1 ◦C, alongwith pressures of 1.3 kg/cm2,
for a duration spanning 22.9 to 37.1 min.
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Figure 1. Schematic diagram for steamed fish paste cake prototype manufacturing process.

2.4. Optimization of Fish Paste Cake Processing Conditions
2.4.1. Texture Improvement by Optimizing the Amount of Edible TGs

In a preliminary experiment, the fish meat paste was mixed with 0.3% of ACTIVA
TG‑K, TG‑K, or TG‑BH, the commercially available transglutaminases (TGs), during the
third grinding process, and their textural properties were assessed. ACTIVA TG‑K demon‑
strated superior textural properties, compared to other TGs (data not shown). Based on
this result, the fish paste cake prototype exhibiting best textural properties was chosen
for further experimentation, incorporating ACTIVA TG‑K at concentrations of 0.0%, 0.1%,
0.3%, and 0.5%. The mixed fish meat paste was shaped into sausages, steamed, and re‑
torted. The gel strength of each steamed fish paste cake prototype containing different
concentrations of ACTIVA TG‑K was measured using a texture analyzer (CT3‑1000, AME‑
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TEK Brookfield, Middleboro, MA, USA). The optimal concentration of ACTIVA TG‑K, pro‑
viding the desired elasticity (gel strength), was selected for the preparation of the steamed
fish paste cake prototype.

2.4.2. Minimizing Browning by Optimizing Selection and Mixing Ratio of Sugars
The retort process of steamed fish paste cake generally causes browning due to the

Maillard reaction [30–32]. To minimize the browning phenomenon, 0.7% of trehalose, glu‑
cose, D‑xylose, or sucrose, was added in the steamed fish paste and a steamed fish paste
cake prototype was prepared, as illustrated in Figure 1. Color of each steamed fish paste
cake prototype containing different sugar additives was monitored using color difference
meter (CM‑700d Spectrophotometer; KonicaMinolta Sensing, Inc., Tokyo, Japan). The pro‑
totype showing better color change suppression effect was further prepared, adding the
respective sugar additive at a concentration of 0.0%, 0.5%, 1.5%, and 2.0%. Among these,
the sample showing best color change suppression effect and elasticity was selected and
used for further experiments.

2.4.3. Reducing Off‑Flavor by Optimizing Mixing Conditions for Natural Extracts
Each natural herbal (basil, Bay leaf, coriander, or green tea) or seaweed (sea tangle)

extract was added to the steamed fish paste at a concentration of 2.0% (w/w), as shown in
Figure 1, and the color and off‑flavor (sensory properties) of prepared fish cake prototypes
were investigated. Among these, the herbal or seaweed extract showing best off‑flavor sup‑
pression and sensory propertieswas further supplemented to the fishpaste cakes at concen‑
trations of 0.0%, 0.5%, 1.0%, 1.5%, and 2.0%, and the best appropriate concentration of the
respective extract for the final fish paste cake prototypewas checked by sensory evaluation.

2.4.4. Optimizing Retort Processing Conditions
To check the effect of retort process on shelf‑life extension of the steamed fish paste

cake prototype, temperature (X1: 107.9–122.1 ◦C) and time (X2: 22.9–37.1 min) of the retort
process was decided according to the central composite design, as shown in Table S1. A to‑
tal of eleven samples, as shown in Table S2, were randomly selected by coding in five stages.
The retort sterilization of the fish paste cakewas done using the high‑temperature andhigh‑
pressure retort sterilizer (PRS‑06‑1, Kyunghan Co., Ltd., Changwon, Republic of Korea).

2.5. Response Surface Regression Analysis
The dependent variables for the optimal retort conditions of the steamed fish paste

cake prototype were set as gel strength (Y1) to verify elasticity; whiteness (Y2) to verify
color change; and sensory evaluation parameters (Y3) to verify fish odor and taste. Re‑
gression analysis was performed with the data of these dependent variables. Optimal
prediction and confirmation of the retort processing conditions of the steamed fish paste
cake prototypewere performed using theMINITAB statistical program (MINITABVer. 14,
MINITAB, State College, PA, USA), and the relationship between the independent and de‑
pendent variableswas confirmed usingMAPLE software (MAPLEVer. 12, Maple Soft, Wa‑
terloo, ON, Canada). The experimental results of randomly prepared sample groups were
used for the response surface regression analysis. The linear, quadratic, cross‑product,
or lack of fit significance (p value) of each model was recognized (p < 0.05), based on the
results of the response surface regression coefficient and variance analysis, presented ac‑
cording to the relationship between the independent variable and the dependent variable.
The coefficient of determination (R2) was used to calculate the optimal conditions [33], and
the suitability of the independent or dependent variable design model was checked by set‑
ting each target value for the dependent variable, using the response optimization tool.
The actual values were obtained by converting the coded values calculated in the statisti‑
cal program, and the experimental values obtained through the actual experiment were
compared and analyzed.
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Optimization of the manufacturing conditions of the steamed fish paste cake proto‑
type was achieved through the response optimizer of the MINTAB statistical program. In
addition, the values of the estimated dependent variables were verified through compar‑
ison with the dependent variables, measured through actual experiments, according to
the statistically estimated optimal conditions [34]. By substituting the values of the con‑
stant, linear term, quadratic term, and cross term, which are the results of the regression
equation derived from the regression analysis result, intoMAPLE software version 12 (Wa‑
terloo), the expression expressing the relationship between the independent variable and
the dependent variable is shown in Equation (1).

Y = β0 +
3

∑
i=1

βiXi+
3

∑
i=1

βiiX2
i +

2

∑
i=1

3

∑
j=i+1

βijXiX j (1)

here, Y is the dependent variable, β0 is a constant, βi, βii, and βij are regression coefficients,
and Xi and Xj are independent variables.

2.6. Quality Characteristics of Prepared Fish Paste Cake Prototype
2.6.1. General Parameters and Energy

For general ingredients, moisture was measured by the atmospheric heat drying
method, crudeprotein by the semi‑microKjeldahlmethod, crude fat by the Soxhletmethod,
and ash by the dry ashing method, according to the methods mentioned in the Food
Codex [35]. Carbohydrates were calculated as 100 − (moisture + crude protein + crude
fat + ash content). Energy was calculated by applying the FAO/WHO energy conversion
coefficient [(protein × 4.0) + (fat × 9.0) + (carbohydrate × 4.0)], based on the content of
general components [36].

2.6.2. pH
For pHmeasurement, nine times (v/w) distilled water was added to 5 g of the steamed

fishpaste cake prototype, andhomogenizedusing a homogenizer (SHG‑15D, SciLab, Seoul,
Republic of Korea). The homogenate was centrifuged (Centrifuge Fleta 5, Hanil Scientific
Inc., Gimpo, Republic of Korea; 3000 rpm for 20 min), to separate the supernatant. The pH
of the supernatantwasmeasuredwith a pHmeter (Ohaus Starter 2100, OhausCorporation,
Parsippany, NJ, USA).

2.6.3. Volatile Basic Nitrogen
Volatile base nitrogen (VBN) values were measured according to the method men‑

tioned in the Food Codex [35]. For the pre‑treatment, 25 mL of distilled water was added
to 5 g of steamed fish paste cake prototype, homogenized using a homogenizer (SciLab),
centrifuged (Hanil Science; 3000 rpm for 10 min), and then filtered. One milliliter of pre‑
treated sample solution was added into the outer chamber of the Conway unit to the
left, 1 mL of saturated potassium carbonate to the right, and 1 mL of 0.01 N H2SO4 and
2–3 drops of indicator to the inner chamber. The Conway unit was sealed with a glycerin‑
coated lid, shaken carefully, and incubated at 37 ◦C for 120min. After the reactionwas com‑
pleted, the solution in the inner chamber of the diffuser was titrated with 0.01 N sodium
hydroxide solution, and VBN content was calculated according to the Equation (2).

VBN (mg %) = 0.14 × {(sample titration − control titration) × f}/W × 100 × 5 (2)

2.6.4. Odor Intensity
Odor intensity was measured according to the method of Bashir et al. [37]. Briefly, 5 g

of the steamed fish paste cake prototype was added into a 50 mL conical tube (SPL Life
Science Co., Ltd., Pocheon, Republic of Korea), sealed with parafilm to prevent volatiliza‑
tion of the smell and the odor intensity was measured using an Odor concentration meter
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(XP‑329R, New Cosmos Electric Co., Ltd., Osaka, Japan). At this time, the measurement
mode was set to batch, and the odor intensity unit was expressed as a level.

2.6.5. Thiobarbituric Acid Reactive Substances
The thiobarbituric acid reactive substances (TBARS) value was measured according

to the method of Buege and Aust [38]. Briefly, 12.5 mL of 20% trichloroacetic acid (TCA),
prepared in 2 M phosphoric acid, was added to 5 g of milled steamed fish paste cake, and
homogenized with a homogenizer (SciLab). The volume was adjusted to a final volume
of 25 mL, and supernatant was separated after centrifugation at 1500 rpm, 4 ◦C for 15 min.
Two milliliters of 0.005 M thiobarbituric acid (TBA) solution was added into 2 mL of the
supernatant, mixed, and heated in a water bath (JSWB‑22TL, JSR, Gongju, Republic of
Korea) at 95 ◦C for 30 min, and cooled to room temperature. Absorbance of the samples
was measured at 530 nm using a spectrophotometer (Microplate readers, SPECTRO star‑
nano, BMG Labtech, Ortenberg, Germany), and the TBARS values were calculated using
the Equation (3).

TBARS (MDA mg/kg) = (Sample absorbance − Blank) × 5.2 (3)

2.6.6. Color Characteristics
To calculate Hunter color parameters, lightness (L), redness (a), and yellowness (b) of

the steamed fish paste cake prototype were measured using a color difference meter (CM‑
700d Spectrophotometer; KonicaMinolta Sensing, Inc., Tokyo, Japan). The color difference
(∆E) was estimated using the Equation (4). At this time, the L value of the standard white
board was 20.69, the a value was−4.59, the b value was−9.01, and the ∆E value was 12.05.

Tomeasure whiteness, the inner part of the steamed fish paste cake prototypewas cut
into sizes of 1 cm (length × width) and the L and b values of the cut part were measured
using a color difference meter (Konica Minolta Sensing). After measuring L and b values,
the result calculated with L‑3b using Equation (4) was used as the whiteness value [15].

∆E = [(∆L)2 + (∆a)2 + (∆b)2]1/2 (4)

2.6.7. Textural Analysis
The texture, hardness, and gel strength of the fish paste cakes were measured un‑

der each experimental condition using a texture analyzer (CT3‑1000, AMETEK Brookfield,
Middleboro, MA, USA). Samples for hardness measurement were prepared by cutting the
developed steamed fish paste cake prototype into sizes of 10 × 10 × 4 mm, and then mea‑
sured using a circular plunger with a diameter of 14 mm. At this time, the measurement
conditions of the texture analyzer were set to distance 1.5 mm, trigger load 4.0 g, and test
speed 0.5 mm/s.

To prepare samples for measuring gel strength, a plain film with a folding width (the
width of the wrapping fish cake folded in two) of 48 mm (diameter 30 mm) was filled with
the ground meat dough to a thickness of 20 cmwith a filler. The filled dough was steamed
and cooled for 10 min in a constant temperature using a water bath (JSR) at 50 ± 3 ◦C.
After retort treatment (107.9–122.1 ◦C for 22.9–37.1 min), fish cakes were cut into a height
of 25 mm, and gel strength was measured using a spherical plunger having a diameter of
5 mm. At this time, hardness and depth (deformation at hardness) were measured, and
the gel strength was calculated by multiplying them. The measurement conditions of the
texture analyzer were at a distance of 2.0 mm, a trigger load of 7 g, and a plunger speed of
1 mm/s.

2.7. Gel Electrophoresis
Electrophoresiswas performed using sodiumdodecyl sulfate polyacrylamide gel elec‑

trophoresis (SDS–PAGE), according to the method described by Bashir et al. [37]. Protein
samples (100 µg protein/lane) were loaded on precast 4–20%Mini‑PROTEAN® TGX™ bis‑
Tris gels and run in Tris/glycine/SDS running buffer in aMini‑PROTEAN tetra cell at 100 V.



Processes 2024, 12, 795 8 of 26

Precision plus protein dual color marker was used as a molecular weight reference stan‑
dard. The electrophoresed gels were stained with Coomassie brilliant blue R‑250 stain‑
ing solution for 1 h, destained with Coomassie brilliant blue R‑250 destaining solution for
3–4 h, and the protein bands were observed using ViewOne Lablite (EmbiTec, San Diego,
CA, USA).

2.8. Scanning Electron Microscopy
The microstructure of the steamed fish paste cake prototypes was analyzed by scan‑

ning electron microscopy, as described by Park et al. [39]. The cross‑section of each fish
paste cake sample was cut into thin slices of 0.7 × 0.7 × 0.2 cm, freeze‑dried, and coated
with gold ions using the ion sputtering system (E‑1010; Hitachi Instrument Inc., San Jose,
CA, USA). The structures of the pre‑treated fish paste cake samples were observed using
a scanning electron microscope (SEM; JSM‑6490LV; JEOL, Tokyo, Japan). Images were
obtained with an electron acceleration voltage of 15 kV, and the shape and form were
observed using sigma‑scan pro version 5 (Systat Software Inc., San Jose, CA, USA) im‑
age analysis software, while moving at low magnification (100×) and high magnification
(400×).

2.9. Total Amino Acid Analysis
Total amino acids in the steamed fish paste cake prototype were analyzed using the

method described in the Food Standards Code [35]. Briefly, 20µL of the pre‑treated sample
was analyzed using an automatic amino acid analyzer (Pharmacia Biotech Biochrom 30;
Biochrom Ltd., Waterbeach, Cambridge, UK), and the total amino acids in fish paste cake
were identified and quantified.

2.10. Mineral Analysis
The minerals (calcium, phosphorus, iron, potassium, and magnesium) contained in

the developed fish paste cake prototype were measured by preparing each test solution
according to the method described in the Food Standards Codex [35]. The mineral compo‑
sition analysis of the fish paste cake was performed using an Inductively Coupled Plasma
Optical Emission Spectrometry (ICP‑OES: AVIO2000, Agilent, Santa Clara, CA, USA), ac‑
cording to the method of Deshwal et al. [40].

2.11. Sensory Evaluation
Sensory evaluation of the steamed fish paste cake prototypes was conducted through

preference evaluation and descriptive analysis during the prototype production process.
The sensory evaluation for appearance, odor, flavor, and overall acceptance of the pre‑
pared fish paste cakes was conducted by 21 trained and certified panelists aged between
20‑and 30‑years‑old (4men and 17women). The panelists were researchers at the industry‑
Academic Cooperation Foundation, Silla University, Busan, Republic of Korea. The pref‑
erence evaluation for optimizing the heating process to prepare steamed fish paste cakes
and optimizing sea tangle addition was done by giving a numerical score for each group.
A 9‑point hedonic scale was used, with 9 indicating the extremely liked and 1 indicating
the extremely disliked; a value of 5 was considered as the threshold value, and a sample
value less than 5 was considered unacceptable [41].

For the descriptive analysis, panel selection and descriptive terms were developed
according to the method suggested by N’Kouka et al. [42], and strength of the prepared
steamed fish paste cakes was evaluated using a 5‑point preference scale method [43]. De‑
scriptive analysis was performed by 5 trained descriptive analysts (3 men and 2 women)
and researchers at the Industry–Academic Cooperation Foundation, Silla University Bu‑
san, Republic of Korea. Terms related to the prepared fish paste cakes were derived and
created, and each table score was agreed upon by the panelists, as shown in Table S3.
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2.12. Viable Bacterial Count
For general bacteria, approximately 10 g of the prepared fish paste cake sample was

aseptically collected in a sterilization pack, according to themethodmentioned in the Food
Codex [35], mixed with 90 mL of sterilized saline solution, and homogenized (WES‑400;
Daihan Scientific Co., Ltd., Wanju, Republic of Korea) for 2 min. For coliform and Es‑
cherichia coli, the homogenized samples were serial diluted, and incubated at 35 ± 1 ◦C for
24 ± 2 h. For checking the growth of heat resistant bacteria, the homogenized fish paste
cake sample was heated at 100 ◦C using a water bath (JSR) for 10 min and cooled to room
temperature. The cooled homogenate was inoculated on a 3M dry film and incubated at
35 ± 1 ◦C for 48 ± 2 h, to calculate the number of heat‑resistant bacteria colonies.

In addition, the growth of anaerobic bacteria was tested according to the bacterial
growth test of the Food Standards Codex [35]. Briefly, five tubes containing heat‑sterilized
fish paste cake samples were stored at 36 ± 1 ◦C for ten days, and the samples with ex‑
panded glass containers were considered positive for bacterial growth. The negative sam‑
ple were stored at room temperature for one additional day and then tested for anaerobic
bacterial growth. A total of 25 g of the above prepared fish paste cake prototypewasmixed
with 225 mL of sterilized saline solution, homogenized (Daihan) for 2 min, diluted to 1:9
ratio with sterilized saline solution, and used as a test sample. A total of one milliliter of
the prepared test sample was inoculated into five thioglycolate media and incubated at
36 ± 1 ◦C for 48 ± 3 h. After culturing, if bacterial growth was confirmed in any of the
five glass containers, it was considered positive.

2.13. Shelf‑Life Analysis
The shelf‑life of the prepared fish paste cake prototype was evaluated using Visual

Shelf‑Life Simulator for Foods (VSLSF), an online program provided by the Korean Min‑
istry of Food and Drug Safety to calculate the shelf‑life of food products [35]. When con‑
ducting accelerated experiments, three storage temperatures (25 ◦C, 35 ◦C, and 45 ◦C)were
used for accurate prediction of the shelf‑life. The shelf‑life was calculated by multiplying
the safety factor (0.8), with the predicted expiration date obtained after inputting the results
of quality indicators, such as general bacterial count, VBN, pH, and sensory evaluation,
into the program. In addition, to mitigate unforeseen circumstances during food product
manufacturing, the shelf‑life values were not used directly. Instead, a value indicating 20%
less than the actual value was considered, and was achieved by multiplying by 0.8.

2.14. Statistical Analysis
All experimental analyses were performed at least three times. The results are ex‑

pressed as the means± standard error (S.E.). One‑way analysis of variance (ANOVA) and
student t‑test were employed using IBM SPSS Statistics ver. 23.0 (IBM Corp., Armonk, NY,
USA), and the experimental results were considered statistically significant at p < 0.05.

3. Results
3.1. Optimal Ratio of TGs, Sugar Additives, and Natural Extracts for Preparing Steamed Fish
Paste Cake Prototype
3.1.1. Texture Improvement Effect by TGs

To optimize the mixing ratio of ACTIVA TG‑K, the gel strength of the steamed fish
paste cake prototype with varying concentrations (0.0%, 0.1%, 0.3%, and 0.5%) of ACTIVA
TG‑K was analyzed. Gel strength increased with higher concentrations of ACTIVA TG‑K
(Table 1). However, comparing the results of 0.3% and 0.5%ACTIVA TG‑K, which showed
the highest gel strength measurement, the increase was not significant. Thus, considering
themanufacturing cost of fish paste cakes, the optimal ratio of ACTIVATG‑K additionwas
determined to be 0.3%.
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Table 1. Gel strength of the steamed fish paste cake prototype at different ACTIVA TG‑K
concentrations.

ACTIVA TG‑K Ratio
(%)

Indentation Strength
(g)

Depth
(cm)

Gel Strength
(g × cm)

0.0 116.4 0.68 79.27 ± 4.78
0.1 196.7 0.65 107.24 ± 9.32
0.3 186.4 0.82 123.35 ± 7.10
0.5 243.0 0.69 127.63 ± 6.30

ACTIVA TG‑K: ACTIVA transglutaminase‑K.

3.1.2. Color Changing Effects Due to Sugar Additives
Among the studied sugar additives, the fish paste cake prototype supplemented with

xylose had the highest yellowness (25.3), while the prototypewith trehalose had the lowest
(9.2; Figure 2). For whiteness, the prototype with trehalose had the highest value, at 55.7,
while the one supplementedwith xylose had the lowest, at 0.6 (Figure 2). The color changes
in the steamed fish paste cake prototypes supplemented with different sugar additives are
shown in Figure 3.
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sugar additives.

To determine the optimal mixing ratio of trehalose, the gel strength and whiteness of
the fish cake, prototypes supplemented with trehalose were measured. From 0.0% to 1.0%
of trehalose, the gel strength of the fish cake prototype increased by about 9.7%, with no
significant difference observed from 1.0% to 2.0% trehalose addition (Figure 4).
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3.1.3. Off‑Flavor Reduction Effect by Herbal and Seaweed Extracts
Among the steamed fish paste cake prototypes, those supplemented with green tea

extract showed a dark brown color, while those with basil extract appeared brown. Those
with sea tangle, bay leaf, and coriander extracts had a light brown color (Figure 5). Re‑
garding the gel strength of the steamed fish paste cake prototype with herbal extracts,
fish cakes with basil (137.12 g × cm) showed the highest value, while those with bay leaf
(114.64 g × cm) showed the lowest. During sensory evaluation, fish cakes with sea tan‑
gle showed the highest value (7.5 points), whereas those with green tea had the lowest
(3.7 points). The results of measuring the gel strength and sensory evaluation (odor inten‑
sity) of the steamed fish paste cake prototype containing herbal and seaweed extract are
shown in Figure 6.

The odor intensity (VCI) and sensory evaluation scores of the steamed fish paste cake
prototypes supplemented with 0.0% to 2.0% sea tangle extract increased by approximately
49.4% and 24.4%, respectively (Figure 7). Conversely, addition of sea tangle extract at 0.0%
to 0.5% increased the odor intensity and sensory evaluation score of the steamed fish paste
cake prototype by 34.2% and 15.7%, respectively. At 0.5% addition of sea tangle extract,
the odor intensity and sensory evaluation score of the fish cake prototype increased the
most. As the amount of added sea tangle extract increased, the odor intensity and sensory
evaluation value of the fish cake product increased. However, considering economic feasi‑
bility, subsequent experiments were conducted with a fish cake prototype containing 0.5%
sea tangle extract.
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3.2. Optimal Retort Processing Conditions for Preparing Steamed Fish Paste Cake Prototype
To optimize the high‑temperature and high‑pressure treatment conditions (tempera‑

ture and time) for the steamed fish paste cake prototype, 11 samples were prepared accord‑
ing to the central synthesis plan and treated at each high‑temperature andhigh‑temperature
condition. The dependent variables (gel strength, whiteness, and sensory score) of these
samples were measured (Table S4). At this time, the high pressure was at 1.3 kg/cm2 and
all samples were treated at the same conditions.

The relationship between the two independent variables and the dependent variables
was analyzed by least‑squares regression (RSREG) function of the MINITAB version 14,
and diagrammed in a three‑dimensional (3D) graph using Maple software version 12
(Figure 8). Gel strength (Y1), the dependent variable of the steamed fish paste cake pro‑
totype, tended to decrease as both X1 (high‑temperature) and X2 (high‑temperature and
treatment time)moved from−1.414 to +1.414. Amore rapidly decreasing tendencywas ob‑
served in X1, compared to X2. Whiteness (Y2), the dependent variable, tended to decrease
as it moved from −1.414 to +1.414 for both X1 and X2. The sensory evaluation scores,
which are dependent variables, showed a tendency to increase from−1.414 to +0.4508 and
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−1.414 to +0.4819 for bothX1 andX2, respectively, and from +0.4819 to +1.414, bothX1 and
X2 tended to decrease.
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The coefficients of quadratic regression equations (response model equations) were
examined using RSREG of the MINITAB statistical program version 14, and their signif‑
icance was estimated (Table S5). In general, the quadratic regression equation consists
of various terms when the significance of the constituent terms is not considered, thus it
is necessary to organize only the terms whose significance is recognized [33]. Therefore,
the significance of each item examined using the analyzed data was confirmed as follows;
in the case of gel strength (Y1), two types of linear terms X1 and X2, and in the case of
whiteness (Y2), three types of linear terms X1; In the case there were four types of terms:
linear terms X1 and X2, and quadratic terms X12 and X22. The remaining terms were not
recognized as significant. The results expressed in a concise equation considering the sig‑
nificance of the response model equation of the dependent variable are shown in Table 2.
The results of an ANOVA analysis of the correlation between independent variables and
dependent variables for optimal manufacturing conditions of the steamed fish paste cake
prototype are presented in Table S6.

Table 2. Concise equation and R2 and p value with considerable significance (p < 0.05) among the
reaction model equations.

Dependent Variable Response Model Equation R2 p Value

Y1 119.11 − 11.60X1 − 3.75X2 94.2% 0.001
Y2 52.63 − 6.98X1 − 2.09X2 − 1.79X3 95.5% 0.001
Y3 7.70 + 0.56X1 + 0.78X2 − 0.68X1

2 − 1.03X2
2 92.4% 0.001

Y1: Gel strength (g × cm); Y2: Whiteness; Y3: Sensory score; R2: Coefficient of determination. X1: High‑
temperature processing temperature, ◦C; X1: High‑temperature and high‑pressure treatment time, min.

The optimal condition prediction values of the independent variables were obtained,
and the results are presented in Table S7. Considering the target values for the indepen‑
dent variables of the steamed fish paste cake prototype, the optimal values of gel strength
were 0.00 and −0.25 for the code value, respectively, and 115.0 ◦C and 28.8 min for the
actual value, respectively. The optimal values of whiteness (Y2) were 0.00 and –0.88 for
the code value, respectively, and 115.0 ◦C and 25.6 min for the actual value, respectively.
Whereas the optimal values of the sensory score (Y3) were 0.21 and 0.40 for the code value,
respectively, and 118.2 ◦C and 33.9 min for the actual value, respectively. The sign values
of the optimal high‑temperature and high‑pressure treatment temperature and time that
could satisfy all these dependent variables were −0.2796 and −0.1853, and the actual val‑
ues were 113.2 ◦C and 29.9 min. The gel strength and whiteness of the steamed fish paste
cake prototypemanufactured under these optimal conditions (113.2 ◦C and 29.9min) were
121.4 ± 2.7 g × cm and 53.8 ± 1.6, respectively (Table 3).
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Table 3. Predicted and actual values of dependent variables derived under optimal conditions.

Dependent Variable Predicted Value Actual Value

Y1 123.1 121.4 ± 2.7
Y2 55.0 53.8 ± 1.6

Y1: Gel strength (g × cm); Y2: Whiteness.

3.3. Optimal Manufacturing Process of Steamed Fish Paste Cake Prototype
Based on the results of the optimal mixing ratios of additives (ACTIVA TG‑K, tre‑

halose, and sea tangle extract), optimal processing conditions were set for manufacturing
steamed fish paste cake prototype. A total of two kilograms of frozen surimi, cut to a cer‑
tain size, and first fish meat grinding was done for 5 min. Subsequently, 1.65% (40 g) of
refined salt was added to the surimi dough, and second fish meat grinding was performed
for 10 min. Next, additives, including ACTIVA TG‑K (0.30%), trehalose (1.00%), sea tangle
extract (0.5%), potato starch (8.26%; 200 g), tapioca starch (4.13%; 100 g), fish extract (0.83%;
20 g), sodium glutamate (0.33%; 8 g), egg white powder (0.21%; 5 g), glycine (0.12%; 3 g),
and complex phosphate (0.12%; 3 g), were added to the surimi dough, and third fish meat
grinding was performed for 10 min. At this time, to prevent protein denaturation that may
occur during fish meat grinding, 1200 g of ice (60.0% of surimi) was added in three parts,
400 g each, and the temperature of the dough was maintained below 7 ◦C. After obtaining
the ground fish meat dough, it was steamed in a steamer at 47 ± 1 ◦C for 10 min, and then
cooled in ice water for 10 min. The cooled steamed fish paste cake prototype was vacuum‑
packed and subjected to high‑temperature and high‑pressure treatment at 113.2 ◦C for
22.9 min. At this time, the pressure was set to 1.3 kg/cm2.

3.4. Quality Characteristics of Steamed Fish Paste Cake Prototype
The quality characteristics, including proximate composition, pH value, energy, odor,

color, texture,mineral composition, amino acid content, andprotein content, of the steamed
fish paste cake prototypemanufactured under the above optimal conditions, and two com‑
mercially available products (control 1 and control 2), were investigated.

3.4.1. Proximate Composition, pH, and Energy
The proximate composition, pH, and energy of the steamed fish paste cake proto‑

type and control groups 1 and 2 are shown in Table 4. The proximate composition showed
66.2%, 62.7%, and 69.3%water content, 9.1%, 13.2%, and 11.4% protein content, 0.1%, 0.2%,
and 0.3% fat content, 11.2%, 14.3%, and 6.2% ash content, and 13.4%, 9.6%, and 12.8% car‑
bohydrate content, respectively. The moisture content was highest in control 2, protein
content was highest in control 1, and carbohydrate content was highest in the developed
steamed fish paste cake prototype. The pH of the developed steamed fish paste cake pro‑
totype, control 1, and control 2, was 7.28, 7.33, and 7.36, respectively, which did not differ
significantly among the samples.

Table 4. Proximate composition, pH, and energy of the steamed fish paste cake prototype and
the controls.

Sample
Proximate Composition (g/100 g)

pH Energy (2)

(kcal/100 g)Moisture Protein Lipids Ash (1) Carbohydrates

Control 1 62.7 13.2 0.2 14.3 9.6 7.33 93.0
Control 2 69.3 11.4 0.3 6.2 12.8 7.36 99.5

Fish paste cake prototype 66.2 9.1 0.1 11.2 13.4 7.28 90.9
(1) Ash = 100 − (Moisture + Protein + Lipids + Carbohydrates); (2) Energy = [(Protein × 4.0) + (Lipids × 9.0) +
(Carbohydrates × 4.0)] × 0.5.
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3.4.2. Odor Intensity and Volatile Base Nitrogen
The estimated VCI and VBN values of the developed steamed fish paste cake proto‑

type and the controls are shown in Figure 9. Control 1 exhibited the highest VCI value of
793.3, while control 2 showed the lowest VCI value of 257.8. On the other hand, control
2 exhibited the highest VBN value of 12.6 mg/100 g, whereas control 1 showed the lowest
VBN value of 9.1 mg/100 g.
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3.4.3. Hunter Color Parameters
Hunter color parameters of the developed steamed fish paste cake prototype and the

control groups are shown in Table 5. The L value was higher in the order of control 1,
control 2, and the developed steamed fish paste cake prototype. The a value was higher in
the odor of control 1, control 2, and the developed steamed fish paste cake prototype. The
b valuewas higher in the order of the developed steamed fish paste cake prototype, control
2, and control 1, and the ∆E value (color difference) was higher in the order of control 1,
control 2, and the developed steamed fish paste cake prototype.

Table 5. Hunter color values of the steamed fish paste cake prototype and the control groups.

Product
Hunter Values

L a b ∆E

Control 1 69.84 ± 0.052 b −2.32 ± 0.13 ab 10.82 ± 0.57 c 53.05 ± 1.07 b

Control 2 71.3 ± 0.99 b −2.44 ± 0.05 b 4.19 ± 0.86 b 52.35 ± 1.62 b

Fish paste cake prototype 61.24 ± 0.79 a −2.56 ± 0.06 a 2.11 ± 0.54 a 42.1 ± 1.23 a

Values are means ± S.E. L: Lightness; a: Redness; b: Yellowness; ∆E: Color difference. Different superscript
letters (a–c) in each column indicate significant differences among means by Duncan’s test (p < 0.05).

3.4.4. Whiteness and Gel Strength
The results of the whiteness and gel strength of the developed steamed fish paste cake

prototype and the control groups are shown in Figure 10. The whiteness of the developed
steamed fish paste cake prototype, control 1, and control 2 were 53.9, 33.1, and 55.4, respec‑
tively. The gel strength of the developed steamed fish paste cake prototype, control 1, and
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control 2 were 248.1, 201.9, and 137.9 g × cm. The gel strength was highest in the order of
steamed fish paste cake prototype, the control 1, and control 2.
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3.4.5. Descriptive Analysis
Results of the descriptive analysis of the developed steamed fish paste cake prototype

are shown in Table 6. The developed steamed fish paste cake prototype showed an umami
taste with 3.0 points, which was higher than the results of 5% monosodium glutamate
(MSG), and lower than the 10% MSG, vegetable fish paste cake, and fish paste cake bars.

Table 6. Descriptive analysis of the steamed fish paste cake prototype and the control groups.

Product
Sensory Evaluation

Umami Odor Apperance Texture

Control 1 4.59 ± 0.51 b 4.18 ± 0.39 a 3.65 ± 0.49 ab 1.65 ± 0.49 a

Control 2 4.29 ± 0.47 b 4.12 ± 0.33 a 3.29 ± 0.47 ab 3.59 ± 0.51 b

Fish paste cake prototype 3.29 ± 0.47 a 3.41 ± 0.51 a 4.41 ± 0.51 b 4.12 ± 0.49 b

Values are means ± S.E. Different superscript letters (a,b) in each column indicate significant differences among
means by Duncan’s test (p < 0.05).

3.5. Electrophoresis
The electrophoresed protein patterns of the developed steamed fish paste cake proto‑

type and the controls are shown in Figure 11. The myosin light chain (15 kDa) was most
clearly identified in control 2 (C), followed by thinner bands in the developed steamed
fish paste cake prototype (A) and control 1 (B). The α‑tropomyosin (20–25 kDa) was most
clearly identified in control 2, followed by thinner bands in the developed steamed fish
paste cake prototype and control 1. The β‑tropomyosin (25–37 kDa) was most clearly iden‑
tified in control 2, followed by thinner bands in the developed steamed fish paste cake
prototype and control 1. The G‑actin (75–100 kDa) was only observed in control 1, and the
developed steamed fish paste cake prototype showed heavymeromyosin bands. Themost
abundant peptide bands appeared in a molecular weight around 37 kDa, and the control
2 (C) seemed to have many peptides in this range. Different protein bands observed in the
developed steamed fish paste cake prototype and the controls could be due to different
processing conditions for each sample.
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3.6. Scanning Electron Microscopy
When comparing the cross sections of each sample at 100×magnifications, the devel‑

oped steamed fish paste cake prototype showed a dense network structure of actomyosin
without large pores (Figure 12). However, control (fishmeat paste before retort processing)
had large pores and a rough cross section, which could be due to ice crystals formed dur‑
ing the freezing process. When each samplewas examined at 400×magnifications, control
showed larger pores, and the developed steamed fish paste cake prototype showed tighter
pores and a smoother cross section than the control. This difference was assumed to be
due to differences in the manufacturing processes of each product.

Processes 2024, 12, 795 18 of 26 
 

 

 
Figure 11. SDS–PAGE electrophoresed protein patterns of the developed steamed fish paste cake 
prototype and the control groups. M: Marker; A: The developed steamed fish paste cake prototype; 
B: Control 1; C: Control 2. 

3.6. Scanning Electron Microscopy 
When comparing the cross sections of each sample at 100× magnifications, the devel-

oped steamed fish paste cake prototype showed a dense network structure of actomyosin 
without large pores (Figure 12). However, control (fish meat paste before retort pro-
cessing) had large pores and a rough cross section, which could be due to ice crystals 
formed during the freezing process. When each sample was examined at 400× magnifica-
tions, control showed larger pores, and the developed steamed fish paste cake prototype 
showed tighter pores and a smoother cross section than the control. This difference was 
assumed to be due to differences in the manufacturing processes of each product. 

 
Figure 12. Scanning electron microscope observation of the fish paste cake before retort processing 
and after retort processing (the developed fish paste cake prototype) at magnifications of 100× (left) 
and 400× (right). 

Figure 12. Scanning electron microscope observation of the fish paste cake before retort processing
and after retort processing (the developed fish paste cake prototype) at magnifications of 100× (left)
and 400× (right).



Processes 2024, 12, 795 18 of 26

3.7. Total Amino Acid Content
The amino acids, excluding tryptophan, observed in the steamed fish paste cake pro‑

totype and the control groups are listed in Table 7. The total amino acid content of the
developed steamed fish paste cake prototype and control groups 1 and 2 were 8.73, 12.28,
and 10.59 g/100 g, respectively, of which the essential amino acid content was 4.10 g/100 g
(46.8%) and 5.88 g/100 g (47.8%) and 5.03 g/100 g (47.7%), respectively.

Table 7. Total amino acid content of fish paste cake steamed at room temperature and the
control groups.

Amino Acids (g/100 g) DFPCP Control 1 Control 2

Alanine 0.50 (5.8) 0.72 (5.9) 0.62 (5.8)
Aspartic acid 0.91 (10.5) 1.30 (10.6) 1.13 (10.7)
Cysteine 0.05 (0.6) 0.09 (0.7) 0.06 (0.5)
Glutamic acid 1.91 (21.9) 2.51 (20.5) 2.09 (19.7)
Glycine 0.38 (4.4) 0.44 (3.6) 0.54 (5.1)
Proline 0.25 (2.8) 0.37 (3.0) 0.32 (3.0)
Serine 0.37 (4.3) 0.53 (4.3) 0.47 (4.4)
Tyrosine 0.26 (3.0) 0.44 (3.6) 0.33 (3.1)
Non‑essential amino acids–total 4.63 (53.3) 6.40 (52.2) 5.56 (52.3)
Arginine 0.52 (6.0) 0.75 (6.1) 0.65 (6.2)
Histidine 0.18 (2.0) 0.27 (2.2) 0.22 (2.1)
Isoleucine 0.40 (4.6) 0.59 (4.8) 0.50 (4.8)
Leucine 0.71 (8.1) 1.02 (8.3) 0.88 (8.3)
Lysine 0.85 (9.7) 1.17 (9.5) 1.03 (9.7)
Methionine 0.28 (3.2) 0.40 (3.3) 0.34 (3.2)
Phenylalanine 0.33 (3.8) 0.51 (4.1) 0.41 (3.9)
Threonine 0.40 (4.5) 0.56 (4.5) 0.48 (4.6)
Valine 0.43 (4.9) 0.61 (5.0) 0.52 (4.9)
Essential amino acids–total 4.10 (46.8) 5.88 (47.8) 5.03 (47.7)
Total amino acids content 8.73 (100.1) 12.28 (100.0) 10.59 (100.0)

DFPCP: The developed fish paste cake product.

3.8. Mineral Composition
The developed steamed fish paste cake prototype, control 1, and control 2 showed

35.23, 10.51, and 40.27 mg/100 g of calcium, 104.57, 120.17, and 114.80 mg/100 g of phos‑
phorus, 122.63, 137.40, and 149.83 mg/100 g of potassium, 2.86, 2.14, and 2.59 mg/100 g of
iron, and 15.19, 21.30, and 22.87 mg/100 g of magnesium, respectively (Table 8).

Table 8. Mineral content of fish paste cake prototype steamed at room temperature and the
control groups.

Sample
Mineral Content (mg/100 g)

Ca P K Fe Mg

Control 1 10.51 ± 1.38 c 120.17 ± 4.60 a 137.40 ± 4.33 a 2.14 ± 0.27 b 21.30 ± 2.62 a

Control 2 40.27 ± 3.62 a 114.80 ± 4.03 a 149.83 ± 5.15 a 2.59 ± 0.44 ab 22.87 ± 1.56 a

Fish paste cake prototype 33.23 ± 3.45 b 104.57 ± 4.08 a 122.63 ± 5.10 a 2.86 ± 0.29 a 15.19 ± 1.46 b

Ca: Calcium; P: Phosphorus; K: Potassium; Fe: Iron; Mg: Magnesium. Different superscript letters (a–c) in each
column indicate significant differences among means by Duncan’s test (p < 0.05).

3.9. Shelf‑Life Setting for the Steamed Fish Paste Cake Prototype
The microbial growth, VBN content, TBARS content, and sensory attributes of the

developed steamed fish paste cake prototype and the control groups were investigated at
different storage temperatures (25–45 ◦C) for a period of 160 days to estimate the shelf‑life,
and the results are presented in Table 9. Interestingly, no bacterial colony was detected
in any samples tested during the storage period. Furthermore, during the experimental
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period, all samples were negative for E. coli, regardless of the storage temperature and
period. The VBN content ranged from 8.78 to 12.02 mg/100 g for samples stored at 25 ◦C,
from 8.78 to 12.25 mg/100 g for samples stored at 35 ◦C, and from 8.78 to 12.48 mg/100 g for
samples stored at 45 ◦C. The lipid peroxide (TBARS) production in the developed steamed
fish paste cake prototype during storage ranged from 0.52 to 0.61 MDA mg/kg at 25 ◦C,
from 0.50 to 0.57 MDA mg/kg at 35 ◦C, and from 0.45 to 0.58 MDA mg/kg at 45 ◦C. The
hygiene table of the overall preferencewas adopted, which is a sensory evaluation criterion
of foods considering 5.0 points or more as an appropriate quality standard [41]; an overall
preference score of more than six was observed in all tested samples, as shown in Table 9.

Table 9. Quality indicators for setting expiration date of the steamed fish paste cake prototype.

Storage Condition Quality Indicator

Temperature Day OA
(Score)

VBN
(mg/100 g)

TBARS
(MDAmg/kg)

TBC
(Log CFU/g)

E. coli
(CFU/g)

25 ◦C

0 8.8 ± 0.48 ab 8.78 ± 0.70 a 0.57 ± 0.02 cdef ND Negative
15 8.7 ± 0.67 ab 8.85 ± 0.70 abc 0.61 ± 0.01 f ND Negative
30 8.7 ± 0.67 ab 9.10 ± 0.35 abc 0.60 ± 0.01 ef ND Negative
45 8.4 ± 0.52 ab 9.57 ± 0.73 abcd 0.59 ± 0.01 ef ND Negative
60 8.2 ± 0.52 ab 9.45 ± 0.70 abcd 0.59 ± 0.03 ef ND Negative
75 8.3 ± 0.53 ab 10.03 ± 0.40 bcd 0.59 ± 0.02 cdef ND Negative
90 8.3 ± 0.42 ab 10.50 ± 0.35 cd 0.55 ± 0.01 bcd ND Negative
105 7.8 ± 0.82 ab 10.62 ± 0.88 bcde 0.58 ± 0.01 cdef ND Negative
130 7.8 ± 0.74 ab 10.03 ± 0.81 abcd 0.55 ± 0.01 bcd ND Negative
145 7.5 ± 0.67 ab 11.08 ± 0.53 cde 0.52 ± 0.02 ab ND Negative
160 7.3 ± 0.48 a 12.02 ± 0.20 e 0.52 ± 0.01 ab ND Negative

35 ◦C

0 8.8 ± 0.48 ab 8.78 ± 0.70 a 0.57 ± 0.02 cdef ND Negative
15 8.5 ± 0.71 abc 8.98 ± 0.40 ab 0.51 ± 0.02 ab ND Negative
30 8.7 ± 0.67 abc 9.45 ± 0.70 ab 0.54 ± 0.02 abc ND Negative
45 8.6 ± 0.52 abc 9.68 ± 0.40 ab 0.57 ± 0.01 bc ND Negative
60 8.3 ± 0.52 abc 10.62 ± 0.40 c 0.52 ± 0.04 abc ND Negative
75 8.3 ± 0.53 abc 10.85 ± 0.35 c 0.57 ± 0.03 bc ND Negative
90 8.6 ± 0.48 bc 10.62 ± 0.40 c 0.51 ± 0.05 abc ND Negative
105 7.8 ± 0.82 abc 10.85 ± 0.61 c 0.53 ± 0.01 abc ND Negative
130 8.7 ± 0.74 abc 11.08 ± 0.20 c 0.51 ± 0.01 a ND Negative
145 7.4 ± 0.74 abc 10.85 ± 0.61 c 0.50 ± 0.01 a ND Negative
160 7.1 ± 0.42 abc 12.25 ± 0.35 d 0.50 ± 0.01 a ND Negative

45 ◦C

0 8.8 ± 0.48 ab 8.78 ± 0.70 a 0.57 ± 0.02 cdef ND Negative
15 8.7 ± 0.67 bc 9.45 ± 0.35 abc 0.58 ± 0.03 e ND Negative
30 8.6 ± 0.70 abc 9.92 ± 0.40 abcd 0.51 ± 0.01 cd ND Negative
45 8.3 ± 0.42 abc 9.80 ± 0.61 abcd 0.54 ± 0.01 d ND Negative
60 8.1 ± 0.48 abc 10.73 ± 0.88 abcdef 0.52 ± 0.01 cd ND Negative
75 8.1 ± 0.52 abc 10.97 ± 0.40 bcdef 0.54 ± 0.01 d ND Negative
90 8.2 ± 0.32 abc 11.20 ± 0.70 bcdef 0.49 ± 0.03 abcd ND Negative
105 7.8 ± 0.67 abc 11.32 ± 1.13 bcdef 0.46 ± 0.02 ab ND Negative
130 8.8 ± 0.74 bc 11.78 ± 0.73 def 0.45 ± 0.02 ab ND Negative
145 7.1 ± 0.88 abc 11.32 ± 1.01 bcdef 0.45 ± 0.02 ab ND Negative
160 6.8 ± 0.42 ab 12.48 ± 0.53 f 0.45 ± 0.01 a ND Negative

Values are means ± S.E. OA: Overall acceptance; VBN: Volatile basic nitrogen; TBARS: Thiobarbituric acid reac‑
tive substances; TBC: Total bacterial count; E. Coli: Escherichia coli; CFU/g: Colony forming units per gram. Dif‑
ferent superscript letters (a–f) in each column at each temperature indicate significant differences among means
by Duncan’s test (p < 0.05).

4. Discussion
Enhancement in the textural properties of surimi or surimi‑based products using var‑

ious protein additives has been extensively reported [1,32,44–46]. Here, we used ACTIVA
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TG‑K to improve the textural properties of the developed steamed fish paste cake pro‑
totype as it facilitates deamidation, amine incorporation, and protein cross‑linking [13].
ACTIVA TG‑K acts as texture enhancer by forming the ε‑(γ‑glutamyl) lysine crosslinking
of myosin heavy chain during the setting of salted fish paste, thereby contributing to a
firmer and more cohesive texture [47]. Similar to previous studies on the use of TGs for
improving gel strength [13–18], we observed an increase in the gel strength of the devel‑
oped fish paste cake prototype containing 0.3% and 0.5% ACTIVA TG‑K. Even though
ACTIVA TG‑K improved gel strength at both 0.3% and 0.5% concentrations, considering
the manufacturing cost of the fish paste cakes, the optimal ratio of ACTIVA TG‑K addition
was decided at 0.3%.

High‑temperature and high‑pressure sterilization conditions cause softening and
rapid browning of the fish paste cake, which decreases the sensory characteristics of the
product. When a fish cake is heated, the amino group of fish cake protein reacts with the
carbonyl group of sucrose, glucose, and xylose, producing the pigment melanoidin [48].
In other words, due to the Maillard reaction, the degree of browning of the fish cake pro‑
totype increases [49]. Therefore, to avoid the browning effect in the developed fish paste
cake prototype, we studied the effect of different sugar additives. Xylose, a 5‑carbon sugar
with a highly reactive reducing group, compared to other saccharides [50], showed a rapid
browning reaction in fish cake, resulting in a stronger yellowness than the fish cake sup‑
plemented with other sugars. In the case of trehalose, a non‑reducing disaccharide having
two glucose molecules in which the carbonyl groups are bonded to each other in an α‑
1,1 glucoside bond structure [51], the Maillard reaction does not occur because the amino
group and carbonyl group do not react [49]. Therefore, it is assumed that the whiteness of
the fish paste cake prototype supplemented with trehalose was relatively high.

Overall, with the increasing ratio of trehalose in the fish paste cake prototypes, the
gel strength showed an increasing trend. This could be due to the fact that trehalose stabi‑
lizes protein molecules, resulting in an overall increase in the gel strength of the produced
fish cake [52]. When the trehalose ratio increased from 0.0% to 2.0%, a 7.7% increase in
whiteness of the fish cake prototype was observed, whereas an increase in whiteness of
5.4% was observed when the trehalose ratio increased from 0.5% to 1.0%. Based on the
observed whiteness values, the most efficient amount of trehalose for fish cake processing
was decided to be 1.0%. Furthermore, in the case of currently marketed steamed fish cakes
(Samjin Food Co., Ltd.; Busan, Republic of Korea) in the Republic of Korea, xylose at a
ratio of 0.7% was added, showing an appropriate level of sweetness in existing steamed
fish cakes. Xylose has a sweetness of about 60% of sucrose, and trehalose has a sweetness
of about 45% [53,54]. Therefore, if the optimal addition ratio of trehalose to fish cake is
determined for sweetness, about 1.0% of trehalose is judged to be the optimal ratio for the
required sweetness.

Thawedfish cake productsmay showdestruction of nutrients, loss of texture, changes
in physicochemical composition and taste, or be off‑flavor or discolored [8]. Thus, to avoid
these effects, we supplemented the developed fish paste cakes with different herbal or
seaweed extracts. The steamed fish paste cake supplementedwith basil extract showed the
highest gel strength; however, the sensory evaluation results for flavor were not favorable.
In the case of the fish cake supplemented with sea tangle extract, which had the highest
score in the sensory evaluation, the gel strength was average, compared to other samples,
but the flavor matched best with steamed fish paste cake and had a better umami taste
than the steamed fish paste cake of other samples. This is believed to be due to the MSG
contained in sea tangle [55]. At a 0.5% addition of sea tangle extract, the odor intensity
and sensory evaluation score of the fish cake prototype increased the most. As the amount
of added sea tangle extract increased, the odor intensity and sensory evaluation value of
the fish cake product increased. However, considering economic feasibility, subsequent
experiments were conducted with a fish cake prototype containing 0.5% sea tangle extract.

Control 2 showed a high b value (yellowness); this could be due to the Maillard reac‑
tion occurring during themanufacturing process, including a roasting process. In addition,
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the∆E value of the developed steamed fish paste cake prototype showed a small difference
in color, which is believed to be due to the lower b values (yellowness) due to the addition
of trehalose. In general, a fish cake product with high whiteness is recognized as an excel‑
lent product [27]. Accordingly, the high whiteness values in the developed steamed fish
paste cake prototypewere due to the added trehalose to increase whiteness, and due to the
optimized processing conditions. The whiteness of the developed steamed fish paste cake
prototype was approximately 40% higher than the control 1, but there was no significant
difference from the frozen steamed fish paste cake product (control 2). Frozen steamed
fish paste cake product is only produced through the steaming process and is not ster‑
ilized through high‑temperature and high‑pressure treatment. Hence, even though the
whiteness is high, it is judged to not be significantly different from the whiteness of the
developed steamed fish paste cake product.

Gel strength (g × cm), a texture characteristic, is a major determinant of quality and
price of the fish paste cake product [1,56,57]. It is calculated by multiplying indentation
strength (g) with the depth (cm), where indentation refers to the pressing force, and depth
refers to the distance until the pressing force reaches its maximum [58]. Accordingly,
higher indentation strength generally shows foodwith hard physical properties and, when
the depth is high, the force continues to drop without interruption and shows high elas‑
ticity. The average values of the indentation strength of the developed steamed fish paste
cake prototype and control groups 1 and 2 were 364.0, 334.7, and 864.4 g, respectively, and
the average values of the depth were 0.68, 0.60, and 0.61 cm, respectively. Consequently,
control 2 had the highest gel strength, but was in the form of a hard fish paste cake with
high indentation strength and low depth. In comparison, the gel strength of the developed
steamed fish paste cake prototype was about 50% that of control 2, but it was in the form
of a highly elastic fish paste cake with a high depth.

In the case of adapting high‑temperature and high‑pressure processing conditions
for the steamed fish paste cake prototype, several problems, such as deterioration of the
quality of the steamed fish paste cake and increase in unit price due to excessive energy
consumption, may occur. Taking these aspects into consideration, an appropriate range of
time and temperature is needed to manufacture steamed fish paste cake with high quality
and excellent safety. Therefore, to determine optimal high‑temperature and high‑pressure
treatment operating conditions for processing fish paste cakes, we used RSREG analysis.
The design model was suitable for the lack of fit test, which indicates the suitability of the
response model equation of the dependent variable [59], as the p value was found to be
close to 1, at 0.103 and 0.062 for gel strength (Y1) and whiteness (Y2), respectively. In the
case of sensory test (Y3), it was 0.005, which is lower than 0.05. Thus, the designmodel was
not complete. However, theR2 valuewas 83.8%, whichwas close to 1, and themodel value
was lower than 0.05, indicating that it was suitable as a designmodel. Therefore, the target
values of dependent variables [gel strength (Y1), whiteness (Y2), and sensory score (Y3)]
were set at 120 g × cm, 55, and a score of 9 points, referring to the preliminary experiment
results. The results of the RSREG analysis confirmed that the difference between the pre‑
dicted value and the actual value was not large. Therefore, the response surface model for
the manufacturing conditions (high‑temperature and high‑pressure treatment and time)
of the steamed fish paste cake prototype derived from the above results was judged to be
the optimal model.

The descriptive analysis of the developed fish paste cake product showed that the
vegetable fish paste cake and fish paste cake bars had higher taste values than the 5%MSG.
However, as these are fried products, they show a higher umami flavor when eaten. In
addition, it is believed that the currently developed steamed fish paste cake prototype is a
basic fish paste cake product not having any additional auxiliary ingredients with strong
taste characteristics (vegetables, cheese, etc.), and thus its taste can be diversified by adding
desirable auxiliary ingredients, even with strong taste characteristics. Consequently, it is
judged that the umami taste of the developed fish paste cake prototype will be superior
to the control. The odor (fishy odor) score of the developed fish paste cake prototype
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was 3.5 points, which was higher than that of grilled mackerel, grilled Spanish mackerel,
grilled flounder, and canned sardines, and lower than that of vegetable fish paste cake
and fish paste cake bars. However, the vegetable fish paste cake and fish paste cake bars
have a strong savory smell due to the addition of secondary ingredients and the frying
process, and thus it was judged that the developed fish paste cake prototype has a lower
fishy odor score than the vegetable fish paste cake and fish paste cake bars. The appearance
(color) score of the developed fish paste prototype was four‑and‑a‑half, a color close to
Munsell Table white. Trehalose showed high score for whiteness; thus, it was judged that
the trehalose had an excellent effect on suppressing color change. The texture (elasticity)
score of the developed fish paste cake prototype was four points, which was higher than
acorn jelly, vegetable fish paste cake, konjac, and fish paste cake bar, and lower than grape‑
flavored jelly, which is believed to be a positive result through the addition of TGs and
optimization of high‑temperature and high‑pressure processing conditions.

The amino acid analysis of the developed fish paste cake prototype and the control
groups showed aspartic acid, glutamic acid, leucine, and lysine to be major amino acids
(accounting for more than eight percent of total amino acids). There was a slight differ‑
ence in the amino acid content of the studied samples. However, the difference in the total
amino acid content between the developed steamed fish paste cake prototype and the con‑
trol groups 1 and 2 is presumed to be due to the difference in protein content, according
to the surimi mixing ratio of each product, and there was no significant difference in their
amino acid composition. Furthermore, the differences in proximate composition of the de‑
veloped fish paste prototype and the controls were estimated to be due to the differences
in surimi content of the studied samples, and due to the differences in the mixing ratio of
auxiliary ingredients.

Mineral composition of surimi and the fish paste cakes is an important quality crite‑
rion of surimi products, and it directly affects the choices of consumers [60]. In the present
study, there was no significant difference observed in mineral composition and mineral
content among the studied samples, except for calcium. There may be differences, de‑
pending on the type and grade of surimi, which is the main ingredient of fish paste cake,
and the particularly high calcium content observed in control 2 is believed to be due to
the addition of calcium carbonate in control 2 to strengthen protein. In addition, the rela‑
tively higher calcium content observed in the developed steamed fish paste cake prototype,
compared to the control 1, could be due to the addition of ACTIVA TG‑K to increase the
elasticity of the fish paste cake prototype, which contains calcium lactate. A high calcium
content observed in the developed steamed fish paste cake prototype reflects that the de‑
veloped product could be a good source of calcium, which is an important mineral for
human health [61].

Interestingly, the developed steamed fish paste cake prototype showed no bacterial
growth during the study period of 160 days, at different storage temperatures of 25 ◦C to
45 ◦C. An average VBN content of 10.35 mg/100 g was observed during the storage period.
Overall, when the storage period elapsed, regardless of the storage temperature, all sam‑
ples showed a gradually increasing tendency for VBN, and the rate was more noticeable at
higher storage temperatures (45 ◦C). The maximum lipid peroxide (TBARS) production of
0.60 MDAmg/kg was observed at 25 ◦C. Overall, when the storage period elapsed, regard‑
less of the storage temperature, all samples first showed a gradually increasing tendency
for TBARS, and then later a decreasing trend. The sensory attributes of the developed
steamed fish paste cake prototype, depending on different storage temperatures, showed
an overall preference score ranging from 7.3 to 8.8 points at 25 ◦C, from 7.1 to 8.8 points at
35 ◦C, and from 6.8 to 8.8 points at 45 ◦C.

5. Conclusions
While the use of surimi and the development of surimi‑based products have roots

in ancient times, the contemporary market, driven by quality‑conscious consumers, has
witnessed a surge in demand for high‑quality and nutritionally rich surimi products. In
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response to this evolving landscape, our study focuses on the development of a steamed
fish paste cake prototype capable of room temperature storage and distribution. The re‑
sulting fish paste cake prototype exhibited favorable biochemical, microbiological, textual,
nutritional, and sensory properties. Notably, our innovative process enables the storage of
the fish paste cake at room temperature for an impressive period of 160 days without com‑
promising its physical, chemical, or sensory attributes. What sets our developed process
apart is its ability to not only preserve the authentic flavor of surimi but also enhance the
nutritional content and overall flavor of the manufactured fish paste cake prototype. This
study holds promise for the broader development of fish paste cakes and other surimi‑
based products, catering to the increasing demand for quality and nutrition among dis‑
cerning consumers.
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point criteria for descriptive analysis; Table S4: Dependent variables for optimizing manufactur‑
ing conditions of steamed fish paste cake prototype; Table S5: Estimation coefficient and p value of
quadratic regression equation for optimizing manufacturing conditions of steamed fish paste cake
prototype; Table S6: Correlation between independent and dependent variables for the reaction
model equation of steamed fish paste cake prototype optimal manufacturing conditions; Table S7:
Predicted optimal conditions for manufacturing steamed fish paste cake prototype using MINITAB
statistical program.
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