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1  Table 1. Design matrix for three independent variables: Total free amino acids, drip loss and
2 hardness value.

Sample Input Variables Responses

No MTGase Pressure Setting Drip Loss Total Free Amino  Hardness
(%) Weight Time (%) Acids (mg/100g) Value (N)

(gf/cm?) (hour)

S 0 2.54 4 0.7450d 38.2150c¢ 501h

S> 0.16 0 - 0.4400g 34.9150f 6.68 e

S3 0.16 5.09 - 0.4505g  32.4150h 796 c

Sa 0.32 2.54 - 031000 30.650i 789 ¢

Ss 0 0 14 09000c 40.7650a 4.82 hi

Ss 0 5.09 14 1.0000b  40.2900b 464i

S 0.16 2.54 14 0.3450 hi 33.5650g 8.49ab

Ss 0.16 2.54 14 0.3450 hi 33.5650g 841ab

Se 0.16 2.54 14 0.3450 hi 33.5650g 8.46ab

Sio 0.32 0 14 030001 32.2900h 6.41f

Sn 0.32 5.09 14 02350  29.5900j 8.61a

S12 0 2.54 24 1.2150a 41.0650a 5.26g

Si3 0.16 0 24 0.6000f 35.2000d 752d

Sia 0.16 5.09 24 06500e 35.6500e 8.06 c

Sis 0.32 2.54 24 0.4400h  32.5400i 8.31b




Table 2. Physicochemical analysis of the optimal product during frozen storage.

1

Storage pH TVB-N TOTOX TFAA Drip loss (%) Water

Months (mg/100g) (meq/kg) (mg/100g) activity (aw)

0 6.41+0.00f 11.02+0.02f 1.50+0.08f 29.37+0.03d 0.231x0.004f 0.98+0.00a

1 6.46+0.00 1697+x024e 2.71x042e 30.66x041d 0.298+0.007 0.96+0.00b
e e

2 6.52+0.00d 20.82+0.24d 5.76x0.08d 34.2320.15c 0.595+0.021d 0.94+0.00c

3 6.57+0.01 ¢ 23.80+049¢c 7.79+0.05c 36.03x0.51c 0.989+0.009 0.93+0.00dc

C
4 6.61£0.00b 28.35:049b 10.45:0.08b 39.57+0.63b 1.533x0.001b 0.93£0.00d
5 6.69+0.00 36.05+049a 1587+0.24a 46.06+x1.75a 2.159+0.001a 0.92+0.00d

d




Table 3. Texture profile analysis of the optimal product during frozen storage.

1

Table 3. Texture profile analysis of the optimal product during frozen storage.

Storage Hardness Adhesiveness Cohesiveness  Springiness Chewiness
Months (N) (N.s) (%) (mm) (N)

0 8.63+0.04a -0.20+0.00d 0.59+0.00 a 8.86+0.00 a 452+0.03 a
1 8.59+003a -0.20£0.00d 0.56x0.01b 8.63x0.01b 4.16£0.10b
2 3.45+0.04b -0.17x0.00c 0.53£0.01 ¢ 8.57+0.00b 3.82+0.08 c
3 8.36+0.05cb -0.17+0.00 ¢ 0.52+0.01 dc 8.43+0.01 c 3.66+0.02 c
4 8.29+£003¢c -0.16x0.01b 0.50x0.01 de 8.30+0.01d 3.45+0.06d
5 8.18+0.04d -0.12+0.01a 0.50+0.01 e 8.22+0.00d 3.33+0.02d




Table 4. Sensory, color, dimensional deviation values and porous analysis of the optimal

product during frozen storage.

1
2

Storage Appearance Odor Flavor Texture L i b* DDV (%) Porous (%)
Months
0 8.55:0.07a 8.49:011 8.33+0.11a 845:0.05 6157+1232a553+0.15 104:012 194+0.00f 0.89+0.01f
d a 1 e
1 820:0.14 837+0.17 829:0.05 829:0.05 5831+0.61b3.35:0.14 161£0.16d 215:0.01e 105:0.05
ba ba a ba 1 e
2 8.05:0.07b 8.29+0.29 791+0.01 8.04+0.05b 56.91+0.18b 3.97+0.19b 2.50+0.13 2.82+0.08d 117+0.05d
ba ba C
3 7054007 ¢ 795+017b 745+0.29b 7.95+0.17b 53.10+0.35c2-42+0.05 2.76:£0.12 3.3420.05 145:0.05
z C C C
4 6.10+0.14d 7.24:0.23 6.333023 7.03+0.17c 45.93+1.09d*53+0.15d 3.52+0.10b 3.72:0.03b 1.93:0.03b
C C
5 535+0.35e 5.95:0.17d 4.99:023d 645:029d 41041119 +03:0.10 4.03£017 4.03:0.02 237+0.04
2 d d d
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Fig. 1. Response surface plots of dripping loss (a—c), TFAA (d—f) and hardness value (g—i).
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ABSTRACT

In this study, the effects of MTGase addition (0, 0.16, 0.32%), pressure weight (0, 2.54, 5.09 gf/cmz) and setting
time (4, 14, 24 h) at 4 °C on restructured European seabass (Dicentrarchus labrax) meat were systematically
optimized with RSM in order to obtain a ready to eat seafood product. The optimized process was characterized
by drip loss, total free amino acids and hardness value. The RSM study demonstrated that, 0.32% MTGase, 17.5 h
of setting time and 3.56 gf/cm? of pressure weight were the optimal processing parameters.

Shelf life quality of the optimal product was monitored during frozen storage. pH, TVB-N and totox values
were within the acceptable limits at the end of the storage. Dimensional deviation, amount of pores, drip loss and
total free amino acids were determined at low levels in the products whose texture was tightened by the effect of
MTGase and suppression weight. The hardness value was determined between “8.34 + 0.29 N”, which reflected
positively on the sensory analysis and microstructure results.

Quality analysis shows that the restructured optimal product maintains its quality for 5 months of frozen
storage. Restructured fish products have chance to increase seafood consumption and can be commercialized.

1. Introduction

Despite high nutritional quality, consumption of seafood is limited
and by-products may arise during process. Therefore, a production
should be carried out that will both gain consumer appreciation and
allow full use of by-products.

Restructuring is the process of binding small meat pieces by using
natural proteins to create a product with an improved quality such as;
appearance, color, texture, shape, size and nutritional content.
Restructured seafood are processed mostly from undervalued mince,
fillet trimmings or by products of non-commercial fish species (Cas-
tillejos, Leon, Vazquez, & Ruiz, 2017; Martelo-Vidal, Fernandez,
Guerra-Rodriguez, & Vazquez, 2016; Tzikas, Soultos, Ambrosiadis,
Lazaridou, & Georgakis, 2015). Also different animals and plants have
been studied for the restructuring process, such as plant based proteins,
pork, poultry, beef (Baugreet et al., 2018; Sorapukdee & Tangwatcharin,
2018; Jira & Schwagele, 2017). Additives such as sodium alginate, so-
dium caseinate, whey protein concentrate, microbial transglutaminase
(MTGase), salt etc. can be used in restructured process to improve
quality and sensory parameters (Gaspar & Goes-Favoni, 2015; Kaewu-
dom, Benjakul, & Kijroongrojana, 2013; Liu, Damodaran, & Heinonen,

2019).

Microbial transglutaminase (MTGase) is widely known as “meat
glue” and used for improving physical and chemical properties and shelf
life of different kind of food products (Luo et al., 2020; Fang, Xiong, Hu,
Yin, & You, 2019; Castillejos et al., 2017). Ensuring tissue integrity is an
important issue in restructured meat products. MTGase is an enzyme
which is currently using to catalyze acly-transfer reactions of free amino
acids such as lysine and glutamine residues and it catalyzes y-carboxyl
amide groups for protein cross links (Castillejos et al., 2017). MTGase is
a Ca™? independent enzymes and commercially obtained from Strepto-
verticillium mobaraense bacteria (Jin et al., 2018; Gaspar & Goes-Favoni,
2015). MTGase provides cold gelation as it operates at low temperature
levels (Luo et al., 2020; Guo et al., 2019; Fang et al., 2019). MTGase can
creates strong covalent structures, emulsions, improves mechanical
properties, gelation and heath stabilized products (Isleroglu & Turker,
2019; Kaewudom et al., 2013). Also, this enzyme improves appearance
and textural characteristics of restructured products by using different
muscle types and developing different food products such as; burgers,
nuggets, kamaboko, chikuwa, restructured steaks (Baugreet et al., 2018;
Kaewprachu et al.,, 2017; Martelo-Vidal, Fernandez-No, Guerra-R-
odeiguez, & Vazquez, 2016; Cardoso, Mendes, Vaz-Pirez, & Nunes,
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2012).

Seabass (Dicentrarchus labrax) is the second most farmed fish species
in European aquaculture industry and is therefore economically and
ecologically important (Guardone et al., 2020). Aquaculture production
of Turkey was 421,411 tons and European seabass was the most cultured
fish in the seas with 148,907 tons in 2020 (TUIK, 2020). It was reported
that seabass had high nutritional value even wild or cultured (Baki,
Gonener, & Kaya, 2015). In addition to being consumed as fresh and
chilled, it is also processed as fillet in which by-products arise (Zamor-
ano-Apodaca et al., 2020). Although the restructured process is made
from undervalued fish meat, seabass (Dicentrarchus labrax) was used as
raw material in the present study. The reason for this is the easy access to
sea bass, its lean structure and utilization of by-products in case of in-
dustrial filleting.

In studies conducted so far, it has been determined that the re-
searchers use additives or at least salt as structuring agents to form
restructured products. Consumers are demanding healthier foods that
have no additives or additional salt. In this study, only MTGase, a nat-
ural additive derived from microorganism and has no restricted level by
authorities, was used. It is important to achieve a standard product in an
industrialized production. There are limitations in literature regarding
product optimization of restructured products by using standard pres-
sure weights and standard molds. The determination of the shelf life of
the optimal product is another concern.

Box-Behnken’s response surface methodology (RSM) is a common
statistical mathematical model, this method allows optimizing of
different products for developing and influencing factors of response
(Khanjani & Sobati, 2021). The aim of this study was to produce a
restructured fish product from seabass (Dicentrarchus labrax) and opti-
mize the setting phenomenon by using three different parameters
(MTGase addition, setting time and pressure weight). The hardness
value, total free amino acids (TFAA) and drip loss were the response
variables for reaching to optimal product. The second aim is to deter-
mine the shelf life of the optimal product during frozen storage in order
to find it is suitability to be commercialized. This restructured product
will be a ready-to-eat food that increases the consumption of seafood,
appeals to consumers of all ages with its high nutritional value, con-
tributes to waste recycling and can be commercially available in
markets.

2. Materials and methods
2.1. Materials

European seabass (Dicentrarchus labrax) were obtained from local
fish supplier of Antalya (South coast of Turkey) and transported to the
laboratory in ice with polystyrene boxes. The mean length and weight of
the fish were 34.31 + 1.28 cm and 347.14 + 26.42 g. Bones, viscera and
skin removed manually. Meat pieces from fillets were homogenized by
cleaver. Microbial transglutaminase (MTGase) (Activa GS: sodium
chloride, gelatin, trisodium phosphate, maltodextrin, transglutaminase
safflower oil) was provided by Ajinomoto Co. (Tokyo, Japan).

2.2. Methods

2.2.1. Restructuring of fish meat

The processing parameters were determined by preliminary trials for
restructuring process. Homogenized fish meat was mixed with MTGase
(0%, 0.16%, 0.32%) and 120 g of each portion was inserted into molds
(diameter x height = 50 mm x 70 mm) for restructuring process.
Pressure weights (0 gf/cm?, 2.54 gf/cm?, 5.09 gf/cm?) were placed on
each mold and the samples were restructured at 4 °C (setting time 4, 14,
24 h). After the restructuring phenomenon, samples were sliced (30 & 1
g weight, 46 mm x 16 mm) and stored in polyethylene packages (190 x
300 mm) at —40 °C for 15 h until core temperature reaches to —18 °C.
After that samples were stored at —18 °C freezer. About 48 h later,

LWT 152 (2021) 112369

samples were thawed at 4 °C for 3 h. Analysis were carried out in
duplicates.

2.2.2. Analyses

2.2.2.1. Total free amino acid analysis. Total free amino acid determi-
nation was performed according to the method of Yokoyama and Hir-
amatsu (2003). Homogenized 2 g of restructured fish sample mixed with
17 ml of 0.2 M perchloric acid solution and 5 ml of methanol by using
ultraturrax at 1046 x g force for 2-3 min. The mixture was centrifuged at
2.043xg force for 30 min and then supernatant filtered through What-
man 41 filter paper. 1 ml aliquot of the extracted sample was transferred
to the test tubes and sodium citrate buffer (pH 5.0, 2 m1 0.5 M) and 1 ml
of ninhydrin reagent was added. The mixture was kept at water bath for
15 min. Spectrophotometric measurements were performed at 570 nm
wavelength with the addition of 1 ml of 60% ethanol solution. Calcu-
lations were performed according to standard curves generated using
glutamic acid ranging between 0 and 30 mg/kg and expressed as mg
glutamic acid equivalents/kg sample.

2.2.2.2. Drip loss and water activity. Frozen samples were thawed at
4 °C for 3 h. Weight difference between frozen and thawed sample was
calculated. Drip loss was expressed as a percentage relative to the initial
weight. In order to measure the water activity value, the samples were
dissolved at 4 °C and analysis was carried out with a water activity
measuring device (Aqua Lab 4 TE DUO). In analysis 1 g of sample was
placed in the sample container of the device and kept at room temper-
ature (25 4+ 0.5 °C) until it reached the equilibrium humidity value.
After reaching equilibrium, the water activity value was recorded.

2.2.2.3. pH values. Homogenized samples were mixed with distilled
water in a 1:2 ratios. As a result of immersion of the pH meter (Thermo
Scientific Orion 3 Star) probe into the mixture, the results are recorded
when the values on the digital display of the pH meter are fixed. All
measurements were carried out under the same conditions.

2.2.2.4. Total volatile basic nitrogen (TVB-N). The restructured fish
meats were homogenized and weighed (10 g) into 500 ml glass flasks
and magnesium oxide was added. Volatile bases which decomposed as a
result of temperature application in water vapor distillation were
collected in 0.1 N hydrochloric acid. The titration step of the process was
again made using 0.1 N sodium hydroxide solution and the TVB-N
content was expressed as mg/100 g (Schormuller, 1968).

2.2.2.5. Totox value. Primary and secondary oxidation products
include the peroxide values and para-anisidine values of the product
shows the Totox value. The formula for the totox value is as follows;
Totox Value = (2 PV + p-AV), PV: Peroxide Value, AV: p-anisidine value.

Peroxide and para-anisidine value determinations were performed
according to AOAC (1990) and IUPAC (1987), respectively.

2.2.2.6. Color values. The color determinations were done using color
meter (CR-400 Minolta Chromometer) which was calibrated with a
white standard magnesium oxide plate before the measurement. Mea-
surements were made on 30 g round surfaces of restructured fish meats.
The results were determined by taking into account the average values
and standard deviations of all the data obtained as a result of the mea-
surements made from 4 different points of each sample. In the mea-
surements made, L * value (brightness), + a * value (redness), -a * value
(greenness), + b * value (yellowness), -b * value means blueness.

2.2.2.7. Microstructure. The morphological features of the restructured
fish products were made using a scanning electron microscope (SEM)
(Carl Zeiss Leo 1430, Leo Electron Microscopy Ltd., Germany). Samples
placed between the carbon layers of the electron microscope and
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covered with a thin gold layer. Measurements were made by applying
15 kV. Scanning electron microscope images were used to compare the
surfaces of samples with different processes.

2.2.2.8. Sensory analysis. Sensory quality assessments were carried out
by panelists familiar with fish consumption. 40 panelists (20 females, 20
males) aged between 25 and 55 participated in the panel. After the
products were thawed at 4 °C, they were subjected to fry in sunflower oil
at 180 °C for 150 s. Randomly coded products were presented to pan-
elists in warm white plastic plates. Water was used for mouth neutrali-
zation. A 9-point hedonic scale was used for the rating and the degree of
rejection was accepted as “0". The averages of the scores given by the
panelists were taken and the total sensory quality was evaluated by
summing the average scores of each characteristic.

2.2.2.9. Texture profile analyses. Mechanical properties were deter-
mined using TA-XT2 (Stable Micro System, Godalming, Surrey, UK).
Texture profile analysis was performed by using cylindrical aluminum
probe diameter 35 mm (SMSP35). The probe was programmed to enter
until a depth of 40% at a speed of 5 mm/s. Randomly taken four
different restructured samples analyzed and hardness, adhesiveness,
cohesiveness, chewiness and springiness values were determined.

2.2.2.10. Pore and size measurements. Dimensions and pore sizes
monitored during shelf life by using image scanning software (ImageJ/
Fiji). Photos taken under 6500 K light and 806 Lumen brightness
(Schneider, Rasband, & Eliceiri, 2012; Schindelin, Arganda-Carreras, &
Frise, 2012; Schindelin, Rueden, & Hiner, 2015).

2.2.3. Experimental design and statistical analysis

Box-Behnken response surface method (Box & Behnken, 1960) used
to examine the relationship between response variables. Explanations
for RSM model calculations: T = ag+0; Xq+0aXo+03X3+0017 X 12 +oog ¥
22+ 33 X 32+ o012 X 1 X 94 013 X 1 X 34 023 X 2 x 3. T = Response
(Dependent variable: TFAA, drip loss, hardness). X; = Independent
variable (MTGase content, pressure weight, setting time) o« = Regression
coefficient. The setting of the experimental design, regression analysis,
statistical analysis, and optimization of the response surface graphics
were carried out with the Design Expert Version 11.

SAS University application was used to determine the statistical
difference between the estimated and experimental values obtained
from the optimization. Statistical analyzes were performed with SAS
University software (Statistical Analysis System, Cary, NC, USA). Dun-
can multiple comparison tests were applied to different observed results
and statistically significant ones.
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3. Results and discussion
3.1. Optimization process

3.1.1. Input variables and responses

The findings of restructuring process characterized by response
variables (drip loss, total free amino acids and hardness value) under the
effect of input variables (MTGase, pressure weights and setting time)
were summarized in Table 1 and Fig. 1.

Lower total free amino acid (TFFA) and drip loss values represent less
degradation of proteins. In this study, this goal was achieved by the
combination of MTGase usage and pressure application. Lowering
pressure weight without MTGase not only effected formation of TFAA
and drip loss negatively but also caused low hardness values for 4-14-24
h of setting time. In addition, at 4th hour; low TFAA values, low drip loss
values but higher hardness values were determined in sample which
combined with 2.54 gf/cm? pressure weight and 0.32% MTGase. In case
of the application of both pressure weight and MTGase at 14th and 24th
hour, high hardness levels with stable texture were observed in addition
to low levels of TFAA and drip loss values. However, using MTGase
solely was not enough for preventing the formation of TFAA, lessening
drip loss and especially for stabilizing the hardness values.

MTGase promotes the lysine-glutamine cross-links and combines the
amino acids, thus establishing a relationship between MTGase and total
free amino acid values (Baugreet et al., 2018; Fang et al., 2019). Also
cross-links between glutamine and lysine can create stable protein
network and extent inhibiting the growth of ice crystals during the
freezing process (Luo et al., 2020). Degradation of the protein network is
correlated with the amount of water in tissues, free or bound amino
acids and textural parameters (Chen, Takahashi, Geonzon, Okazaki, &
Osaka, 2019; Fang et al., 2019; Martelo-Vidal et al., 2016). Increasing
ice crystal sizes can affect drip loss and protein network that leads
textural changes like deformation (Jia et al., 2019). MTGase can
improve textural parameters and directly effects to sensory evaluation
and consumer acceptability (Rios-Mera et al., 2020).

Fang et al. (2019) reported that the usage of 15 U/g MTGase was
effective on silver carp (Hypophthalmichthys molitrix) meat and free
amino acid groups decreased. Moreover, hardness values 37.76 + 2.69 N
improved by using MTGase, however control values were lower (22.02
+ 1.94 N) (Fang et al., 2019). Free amino groups were decreased in
shrimp meat (Metapenaeus ensis) by using 10 U/g TGase while acyl
transfer reaction catalyzed (Yuan et al., 2017). 0-8 U/g MTGase cata-
lyzed an acyl transfer reaction between GIn and Lys and free amino
values decreased in suwari gels, also myofibrillar proteins showed
structural stability (Chen & Han, 2011).

According to study of Cardoso, Mendes, Vaz-Pirez, & Nunes (2011)
MTGase (5 g/kg, w/w) and dietary fiber used for restructured sea bass

Table 1

Design matrix for three independent variables: Total free amino acids, drip loss and hardness value.
Sample No Input Variables Responses

MTGase (%) Pressure Weight (gf/cmz) Setting Time (hour) Drip Loss (%) Total Free Amino Acids (mg/100 g) Hardness Value (N)

S1 0 2.54 4 0.7450 d 38.2150 ¢ 5.01h
Sz 0.16 0 4 0.4400 g 34.9150 f 6.68 e
Ss3 0.16 5.09 4 0.4505 g 32.4150 h 7.96 ¢
S4 0.32 2.54 4 0.3100 i 30.1650 i 7.89 ¢
Ss 0 0 14 0.9000 c 40.7650 a 4.82 hi
Se 0 5.09 14 1.0000 b 40.2900 b 4.64 i
Sy 0.16 2.54 14 0.3450 hi 33.5650 g 8.49 ab
Ss 0.16 2.54 14 0.3450 hi 33.5650 g 8.41 ab
So 0.16 2.54 14 0.3450 hi 33.5650 g 8.46 ab
S10 0.32 0 14 0.3000 i 32.2900 h 6.41 f
S11 0.32 5.09 14 0.2350 j 29.5900 j 8.61 a
Si2 0 2.54 24 1.2150 a 41.0650 a 5.26 g
S13 0.16 0 24 0.6000 f 35.2000 d 7.52d
S14 0.16 5.09 24 0.6500 e 35.6500 e 8.06 ¢
Sis 0.32 2.54 24 0.4400 h 32.5400 i 8.31b
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Fig. 1. Response surface plots of dripping loss (a—c), TFAA (d-f) and hardness value (g-i).

(Dicentrarchus labrax) at 2 °C for 24 h; values of hardness were 10.2 +
0.9 N for control and 17.2 + 1.7 N for 5 g/kg MTGase application.
Another research bulleted that restructured horse mackerel’s (Trachurus
mediterraneus) hardness values were 2-4 N, 4-6 and 6-8 for control,
0.5% and 1%, respectively by using 0%, 0.5%, 1% MTGase and 0%, 1%,
2% NaCl at 2 £+ 2 °C for 24 h setting time. (Tzikas et al., 2015). In
different study sea bass (Dicentrarchus labrax) and gilthead sea bream
(Sparus aurata) examined by using 0.5% MTGase, water, 2.5% salt used
for restructuring process. After heating at 90 °C/1 h and cooling at 5 +
1 °C hardness values observed as for control; in sea bass 26.1 + 0.5 N, in
sea bream 11.7 + 1.4 N. Also for samples with 0.5% MTGase results were
29.7 £ 2.2 N and 13.5 + 2.4 N, respectively (Cardoso et al., 2012).

It was emphasized that different additives, storage conditions and
fish species were effective on the products, especially MTGase levels
were important. Similar results were found with the other studies, such
as; MTGase reduced TFAA content, performed textural stability and
improved hardness levels of the products, slowed down the drip loss.
Combination of MTGase, pressure weights and range of “14 and 24 h”
setting time were found effective on the formation of restructured
products.

3.1.2. Model and relationship between the responses

Combination of pressure weights and the usage of MTGase not only
suppressed the levels of TFAA and drip loss but also improved hardness
levels. Despite the pressure weights and MTGase, a slight increase in
TFFA values and drip loss were observed as time passed due to autolysis.
It was found that 4 h setting time were not enough to create cross links
between Gln-Lys by using MTGase and assistance of pressure weight.
Quadratic model was the best choice for all three main analyses. Beside,
differences between R? adjusted and R? predicted were below 0.2.
Adequate precision’s ratio for all analysis was found as greater than 4
and good.

Surface plots of various cases of restructured fish meat products are
given in Fig. 1. The combination of MTGase and pressure weight, even
increasing their amounts, made the product more tightened and lessens
the drip loss (a-c). When setting time was limited to 4 h, TFAA and drip
loss content remained low, not only products could not reach to round
shape but also hardness levels were lower, compared to 14th and 24th
hour setting time (d-f). In addition, it was observed that MTGase content
and setting time became stable at 14 h and drip loss were low. The
texture of the restructured samples was firmer and better shaped after 14
and 24 h setting time (g-i). It was determined that TFAA values increased
slowly with MTGase support during the 24 h setting time. Besides “3.054
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gf/cm? to 5.09 gf/cm?” pressure weight levels and “14 h-19 h” setting
time levels found in optimal range. Adjusted and predicted values for
optimal product; “drip loss: Adj = 0.231a, Pred = 0.238a”, for “TFAA:
Adj = 29.375a, Pred = 29.415a”, for “hardness: Adj = 8.63a, Pred =
8.63a” values were found.

It was observed that MTGase and pressure weight combination and
samples with a configuration time of 14-24 h came to the fore. The RSM
study demonstrated that, 0.32% MTGase, 17.5 h of setting time and 3.56
gf/crn2 of pressure weight were the optimal processing parameters.

3.2. Shelf life of the optimal product

Immediately after death of fish, conversion of glycogen to lactic acid
and decrease of oxygen in fish muscle causes fluctuation in pH levels
(He, Wu, & Sun, 2014). Therefore, this is a good parameter to determine
the quality of fish. pH levels are almost close to 7.0 in live fish muscle,
whereas post mortem pH values can vary between 6.0 and 7.1 (Ozogul,
Durmus, Ucar, Ozogul, & Regenstein, 2016). In this study, the pH values
of the optimal product increased significantly (p < 0.01). The pH
recorded on the first day and at the end of the storage were 6.41 + 0.00
and 6.69 + 0.00, respectively (Table 2). Martelo-Vidal et al. (2016)
examined the quality changes of white tuna fish (Thunnus alalunga) meat
at 4 °C/18 h with the addition of 450 U/kg MTGase. pH levels were
increased from 6.14 on the Oth day to 6.28 in the 12th day. In the
another study, horse mackerel (Trachurus mediterraneus) fillets were
restructured with different ratios of (1%) MTGase, (2%) NaCl and pH
values of the products were observed as 6.40 + 0.02 for control samples,
meanwhile 6.09 + 0.01 for sample “0.5% MTGase+1% NaCl” (Tzikas
et al., 2015). Cardoso, Mendes, Vaz-Pires, and Nunes (2011) and Kar-
ayakannakidis, Zotos, Petridis, and Taylor (2008) were in common that
the addition of MTGase hindered the pH increase during storage and
keep the quality of the product.

Trimethylamine, ammonium and other basic nitrogen compounds
can create total volatile basic nitrogen (TVB-N) during shelf life and
TVB-N values correlated with the activity of bacteria as well as endog-
enous enzymes in tissues, correlated with the sensory analysis, color and
pH levels (Calanche et al., 2019). The TVB-N value of the optimal
product was found as 11.02 + 0.247 mg/100 g. However, significant (p
< 0.01) increase let the TVB-N value to reach 36.05 + 0.49 mg/100 g at
the end of storage period (Table 2). It was reported that TVB-N values of
sea bass increased with the cold storage (Ozogul et al., 2016; Fuentes,

Table 2
Physicochemical analysis of the optimal product during frozen storage.
Storage pH TVB-N TOTOX TFAA Drip Water
Months (mg/ (meq/kg) (mg/ loss (%) activity
100 g) 100 g) (aw)

0 6.41 11.02 + 1.50 + 29.37 0.231 0.98 +
+ 0.02 f 0.08 f + 0.03 + 0.004 0.00 a
0.00 d f

1 6.46 16.97 + 2.71 + 30.66 0.298 0.96 +
+ 0.24 e 0.42e + 0.41 =+ 0.007 0.00 b
0.00 e d e

2 6.52 20.82 + 5.76 + 34.23 0.595 0.94 +
+ 0.24d 0.08 d +0.15¢ + 0.00 ¢
0.00 d 0.021d

3 6.57 23.80 + 7.79 £ 36.03 0.989 0.93 +
+ 0.49 ¢ 0.05c¢ +0.51c¢ =+ 0.009 0.00 dc
0.0l ¢ c

4 6.61 28.35 + 10.45 + 39.57 1.533 0.93 +
+ 0.49b 0.08 b + 0.63 + 0.00 d
0.00 b b 0.001 b

5 6.69 36.05 + 15.87 + 46.06 2.159 0.92 +
+ 0.49 a 0.24 a +1.75a =+ 0.001 0.00 d
0.00 a a

Values are means =+ standard deviation of the analysis.
Values bearing and different letters (a, b, c) in the column are significantly (p <
0.01) different.
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Fernandez-Segovia, Barat, & Serra, 2011). Although, TVB-N analysis is
directly associated with the spoilage of seafood, there has been no study
in which the presence of TVB-N was discussed in relation with the
MTGase and restructuring process.

Lipid oxidation is one of the important factors limiting the shelf life
of seafood rich in polyunsaturated fatty acids. Totox value (total
oxidation value) is an indicator of lipid oxidation, and is based on the
findings of peroxide value from primary oxidation products and para-
anisidine value from secondary oxidation products. This value has
been standardized by The Council for Responsible Nutrition (CRN) and
the Global Organization for EPA and DHA Omega-3s (GOED) with a
limit of 26 for the determination of the oil oxidation rate of seafood and
the evaluation of the quality status accordingly (De Boer et al., 2018).
Totox value of the optimal product was only 15.88 + 0.24 meq/kg on the
5th month of the storage (Table 2). Lipid oxidation was determined in
terms of peroxide value and TBARS in most of the studies. Gomez--
Guillen, Montero, Solas, and Perez-Mateos (2005) found that products
using MTGase had lower TBARS results than control samples. The rea-
sons of this situation were emphasized with two important substances:
(i) MTGase tightens the product texture by providing protein polymer-
ization and restricts oxygen entry into the product, and (ii) lipid
oxidation products react with proteins during the formation of MTGase
added gel and become partially ineffective. Accordingly, it is concluded
that MTGase and suppression weight parameters suppress oxidation by
tightening the structure of the product in the appropriate setting time.

During the frozen storage period TFFA values reached from 29.38 +
0.03 mg/100 g to 46.06 + 1.75 mg/100 g gradually (Table 2). Similarly,
to this research, Fang et al. (2019) highlighted that the addition of 15
U/g MTGase to silver carp (Hypophthalmichthys molitrix) promoted
cross-linking reactions by reducing the amount of free amino acids and
achieved better results than the control group. In addition, they stated
that the results were correlated with the texture levels and SEM analysis.
They found that there was a correlation between the decrease of porous
amount and increase of MTGase ratio in SEM results. Yuan et al. (2017),
while examining the properties of a shrimp species (Metapenaeus ensis),
researchers found that the free amino groups decreased directly related
to the addition of TGase.

Due to the freezing and thawing processes, the products cannot re-
turn to their original forms and drip loss occurs. The drip loss caused to
denaturation of muscle proteins during freezing and thawing, as well as
shrinking of muscle fibers during freezing (Bjorkevoll, Reboredo, &
Fossen, 2017). Loss of water-soluble nutrients and water-soluble pro-
teins, negativity may occur in parameters such as flavor, smell, aroma
and texture also nutritional value of the products. In the present study,
drip loss of the optimal product was 0.231 + 0.004% on the 1st month
and 2.159 + 0.001% at the end of the frozen storage period (Table 2).
This increase was statistically significant (p < 0.01), however not more
than reported by Bedane, Altin, Erol, Marra, & Erdogdu (2018). It was
mentioned that drip loss may reach up to 5% during traditional thawing
at refrigerator (4+4 °C). Compared to literature studies, there is no
different additive other than MTGase or processing method. However, it
has been observed that the pressure weights used for the structuring of
the product allowed to use lower rate of MTGase compared to its use in
the literature. These two parameters help to slow down the drip loss by
tightening the product texture during the proper structuring time.

Water activity levels can be affected from cross-links between
glutamine and lysine’s protein network which inhibits the growth of ice
crystals during the freezing process and effects to amount of water in
tissues as well as textural parameters (Luo et al., 2020). Optimal product
contains 0.32% MTGase allowing performing cross links among amino
acids and an addition of 3.56 gf/cm? of pressure weight during 17.5 h of
setting time. The initial aw was 0.9854 + 0.00. This value decreased to
0.92-0.93 and did not alter significantly on the last three months of
storage period (Table 2). It is known that the solute-water relationship of
products and their protein network affect the water activity. It has been
determined by various researchers that the optimal level of structuring



F.G. Tokay et al.

time, solute rate and structuring temperature in restructured products
changes this situation and increases the shelf life by slowing down
enzymatic-microbial reactions that cause deterioration in products
(Martelo-Vidal et al., 2016; Juarez-Enriquez et al., 2019).

Freezing storage can play a role in the loss of textural properties of
the products. (Cardoso et al., 2012). MTGase has an effect on the texture
properties of the products as it causes cross-linking and polymerization
especially in proteins. Texture profile analyses results are summarized
in Table 3. The hardness value, which was recorded 8.63 + 0.04 N at the
beginning of the study, remained within acceptable limits, although it
softened at the end of the storage. In line with the adhesion values
observed during frozen storage, the initial value of the sample —0.20 +
0.00 N s gradually approached 0 with the product losing its tissue
freshness and reached to —0.12 + 0.01 N s on the 5th month. Cohe-
siveness and springiness values decreased a little during storage. The
secondary texture profile parameters of chewiness had no statistical
difference on the last two days of frozen storage. It was reported that the
structure of the product tightened, and the parameters such as chewiness
and flexibility of the product were improved with the use of MTGase
(Cardoso et al., 2011, 2012; Martelo-Vidal et al., 2016; Tzikas et al.,
2015). The results of this study were in agreement with literature. It was
observed that the protein network, which can be observed by electron
microscope, came to the fore in different studies, and this reaction
reached higher levels with the effect of pressure weight and positively
affected the texture results. This situation was reflected in the scoring
and comments of the panelists.

Forty panelists evaluated the optimal product in terms of appear-
ance, odor, flavor and texture. Despite the decreasing scores (p < 0.01),
the restructured product was within the acceptable range (Table 4). The
researches emphasized that the use of MTGase does not add a different
odor or aroma to the product, but provides tissue integrity and supports
the preservation of the existing quality and fishy odor with the slow
progress of autolytic reactions compared to the control groups (Tzikas
et al., 2015).

Color values changed during the storage (Table 4). The L* value of
the product (initial 61.57 + 1.23 and 5th month: 41.04 + 1.19)
decreased significantly (p < 0.01). Luo et al. (2020) stated that the L*
value decreases in case of cross-links increase with the use of MTGase.
Contrarily, Chanarat & Benjakul (2013) and Uresti, Tellez-Luis, Ram-
irez, & Vazquez (2003) emphasized that MTGase triggers the
cross-linking between proteins, tightening the tissue, absorbing light
and producing a dark color in products. In this study, the tissue integrity
was achieved by texture profile analyses and SEM analyses. Moreover,
the tightening tissue reduced the input of light and L* value decreased
with the loss of quality during frozen in storage. Redness a* value
changed from 6.53 + 0.15 to 4.03 + 0.10 at the end of the storage
period. While b* value increased to 4.03 £ 0.17 on the 5th month. Some
researchers bulleted that volatile bases may arise due to oxidation and
enzymatic activities during the storage period and degradation com-
pounds can affect the color parameters as well as additives, heat process,
protein denaturation (Castillejos et al., 2017; Moradi, Tajik, Almasi,
Forough, & Ezati, 2019).

Dimensional deviation and porous structure of the optimal
product increased significantly (p < 0.01) during frozen storage but not

Table 3
Texture profile analysis of the optimal product during frozen storage.
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more than 2.09% and 1.48%, respectively (Table 4). This increase was
suppressed by the addition of MTGase and pressure weight. It has been
determined that usage of MTGase and compression weight tightens the
product texture in the appropriate setting time and reduces the deviation
in pore ratio and size. These results were in line with TPA and SEM
results.

SEM determinations were carried out both at the beginning and the
end of the storage period. According to Fig. 2(A), protein network
developed very well and product tissue became firmer. In addition,
Fig. 2(B) shows that, MTGase and pressure weight combination created
emulsion particles that can be seen as circular particles inside the tissue
and they are mostly formed by the combination of lipid and partially
other substances. Fig. 2(C) and (D) showed that firmness between tissues
may decrease depending on storage time. Cross-linking reactions
strengthen the amphiphilic properties of proteins, peptides can be
absorbed in the water-oil interface and their emulsifying activities might
increase (Liu et al., 2019; Ahmadi, Razavi, & Varidi, 2017). Various
studies emphasize that emulsifying properties could increase by 30%
with the addition of MTGase (Alavi, Emam-Djomeh, Salami, &
Mohammadian, 2020; Ahmadi et al., 2017).

4. Conclusion

When producing a restructured product, it is important to reach the
correct form and structure, as well as its physicochemical properties.
Drip loss of restructured fish meat is affected from all parameters such as
MTGase, pressure weight and setting time. TFAA increased in parallel
with the setting time, the presence of MTGase and pressure weights.
Short setting times are not sufficient for MTGase to activate. The RSM
study demonstrated that, 0.32% MTGase, 17.5 h of setting time and 3.56
gf/em? of pressure weight were the optimal processing parameters of
restructured fish meat product. Quality parameters showed that this
product have the shelf life of 5 months frozen storage in terms of
physical, chemical and sensory analyses. These data were also supported
by microstructure results.

Restructured seafood products make it possible to offer new different
formed and flavored ready-to-eat products with high nutritional value to
consumers of all ages. It is possible to obtain similar products by using
underutilized non-commercial fish species or fish meat pieces. More-
over, restructured products derived from seafood and free from addi-
tives are suitable for commercialization.
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Storage Months Hardness (N) Adhesiveness (N.s)

Cohesiveness (%) Springiness (mm) Chewiness (N)

0 8.63 £ 0.04 a —0.20 + 0.00 d
1 8.59 £ 0.03 a —0.20 £ 0.00d
2 8.45 £ 0.04 b —0.17 £ 0.00 ¢
3 8.36 + 0.05 cb —0.17 £ 0.00 ¢
4 8.29 £ 0.03 ¢ —0.16 £ 0.01 b
5 8.18 £0.04d —0.12+0.01a

0.59 £ 0.00 a 8.86 + 0.00 a 4.52+0.03a
0.56 + 0.01 b 8.63 £0.01b 4.16 £ 0.10b
0.53 £0.01 ¢ 8.57 £0.00 b 3.82+0.08¢c
0.52 + 0.01 dc 8.43+0.01c 3.66 + 0.02 ¢
0.50 + 0.01 de 8.30 £0.01d 3.45+0.06 d
0.50 £ 0.01 e 8.22+£0.00d 3.33+0.02d

Values are means + standard deviation of the analysis.

Values bearing and different letters (a, b, ¢) in the column are significantly (p < 0.01) different.
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Table 4
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Sensory, color, dimensional deviation values and porous analysis of the optimal product during frozen storage.

Storage Appearance Odor Flavor Texture L* a* b* DDV (%) Porous (%)
Months

0 8.55 + 0.07 a 8.49 +0.11a 8.33+0.11a 8.45 + 0.05 a 61.57 +1.23a 6.53+0.15a 1.04+0.12e 1.94+0.00f 0.89+0.01f
1 8.20 £ 0.14ba 8.37+0.17ba  8.29 +0.05a 8.29+0.05ba 58.31+0.61b 6.35+0.14a 1.61+0.16d 215+0.0le 1.05+0.05e
2 8.05 +0.07 b 8.29+0.29ba 7.91+0.01ba 8.04+0.05b 56.91+0.18b 5.97+0.19b 250+0.13c 2.82+0.08d 1.17+0.05d
3 7.05 +0.07 ¢ 7.95+0.17 b 7.45+0.29b 7.95 +0.17 b 53.10 £+ 0.35¢ 5.42+0.05¢c 276+0.12c¢ 3.34+0.05¢c 1.45+0.05¢
4 6.10 £ 0.14d 7.24 £0.23 ¢ 6.33 £0.23 ¢ 7.03 +£0.17 ¢ 45.93+1.09d 4.53+0.15d 3.52+0.10b 3.72+0.03b  1.93+0.03b
5 5.35+0.35¢€ 5.95+0.17d 4.99 £0.23d 6.45 +0.29d 41.04 +1.19e 4.03+0.10e 4.03+0.17a 4.03+0.02a 237 +0.04a

Values are means =+ standard deviation of the analysis.

Values bearing and different letters (a, b, c) in the column are significantly (p < 0.01) different.

Zone Mag = 100X el

EHT = 15.00 kv Zone Mag = 500 X —

200m

i

L EHT=1500kv Zone Mag = 100 X

EHT = 15,00 kV Zone Mag = 500 X

Fig. 2. Optimum sample’s Scanning Electron Microscopy Photos: A: 17.5 Hours-3.56 gf/cm?-%0.32 Oth month (100x), B: 17.5 Hours-3.56 gf/cm?-%0.32 Oth month
(500x), C: 17.5 Hours-3.56 gf/cm2-%0.32 5th month (100x), D: 17.5 Hours-3.56 gf/cm2-%0.32 5th month (500x).
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B

it
B oM 8 2 (Dicentrarchus labrax): i85 -
HEZMMHER, F19RE 34.31 + 1.28
cm,E2= 347.14 £ 26429 -
MAE VSRR B BR P S B3 (M T Gase): FHH
ARz =R G LIRE (Activa GS) » B
7 S - BRRE - R =8 - ETH
g~ TG ~ 41754

Yadr
BRAEAHBFESEZERE MTGase
e, MARE FEIEDE 4°C
NERE -

AATIR B AN BRI 2R - TERIER
HKOEM - pHE - BIER MR R
(TVB-N) » #astlE - ®%1E i
ol - NEDT - EEmEI AT

. ARRRTHE -
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3R F x IKE=17HEE
X F KE -1 | KEO0 | /K#E +1
A. MTGase (%) 0 0.16 0.32
B. B2 (gf/cm?) 0 2.54 5.09
C. B (h) 4 14 24
[ —EZEEZEE]
v EKIER (%) — BE &ML
v TFAA (mg/1009) — BHZ : &/)Mb
vV IiEEE (N)—- BEZ . &KXkt

A-n-l-
M AX A

[E R RHEF]
- FFEmE 4°C ( EELH )
EinHE ; 154
. ch)LESEHE 1 3% (S7,S8,59)
B R
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8 A ANMTGase AR (1200705 )

K%E&é : E. /}IL*E

(0%, 0.16%, 0.32%)

J

a

™ ( N

_ e - {JE (30g,
= 4°Ci# & (4h, 14h, 24h) 46mmx16mm)

)
uuv

J \. J

RIS H(-40°C ] [ ok (-18°C) ] [ AU

15h£-18°C) (4°C, 3h)

o
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| b
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ERURIRET A

WREMEN | HRIE%E (%)

% EEEEE
« SOERSRBIE =
. -18°C/5 BT

« 4°CHE 58 3h

SR REE
S ERIBR) = (5 RE-RRE)S HE

il

(T

x 100
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O PEER— 1 RIBEZUAERE

WS - BEIRER TFAA (mg/100g)

Rk BBEG
« 20%%m + 0.2MABF #E + FfEE
« BBEIRZH - B - BIR
o« NIEIRRE E@]/{Q(pH 5. O) +25 A
e 7K;415min
« 1N60% =
« 570nmHIE IR 18
IZAERAR - BANZEL 0-30 mg/kg 20




O PEER— : RIBEZUAIERE

ZEEH3 : EEE (N)

7% B EIE 2T ( TPA)

&2s  TA-XT2E DM E

IRET : @ 35mmEIFFiniRET ( SMSP35 )
1845 -

« IRET NEREE : 5 mml/s

o BRAEEE  RmEE40%

o AIFAETC . MR B4R
RESH  BE (F—REBAHEZATIE)
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P&k — : MET DA

RSM#A 5T 2 AT A2
[ #52 ] Design Expert Version 11.0

WER BT BT
« BIE- RZIFTEER ( Quadratic model )
- BEHRMIE - —RIB - REERAIE

SER2 - ANOVAZEZ DT
 MERKETFHEEM (p<0.05)
 MERGIERIBEE M

SER3  RALEG
«R2( FIEHRE)

« R2adjusted ( FHEE1ER2)

* R2predicted ( F8fIR2)

c EE <02 BfE
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Pk — © ARt ik

RSM#fEET 73 4T iR T2
[#%82] Design Expert Version 11.0

HERA : FEREFEdmEE

- 3DHImEEIfRE 1t

HERS  E{LTFEAI

- B4E . jEkigk|. TFAA|. FEE1
- HEEBEEE

- THAIRERN

-’I.-"/:n"%6 . Eﬁgﬁgl"ﬂ
« SAS University®tie
« Duncan®% E LL B 48 TE

- LEESTEAIEEEE FR{E ( p < 0.05)
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o BBRT  REHRMETE G

[&EBCH] (RBEFEE—RSMEBILAER )
« MTGase/=E : 0.32%
« BRHE = : 3.56 gf/lcm?2

«

&

i5fE : 17.5h

[ A 7RAR )
 RIEHFSEIRS ¢ 0,1, 2, 3, 4, 5Iﬁ ( H6R)
« EHEE — 4°CHEE3h — & ﬁlZIE BT
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O BT ;12 %

[{L2+E1EF] (4IE) —Z=HEHE

1. pHE 4. TFAA (KEirset R B L)
AL & 7K:1:2, pH meter;8l7E Ak —;—lﬁ—%lﬁ 570nm
Z# . 6.0-7.1 (RI$EZEE) BH : FHMAEERBEREER

2. TVB-N (EiZzf4Ea R RER)
jj_lf ZR\/_L’REEHIZ-E

T - <40 mg/100g (RI#EZRE )
3. Totox1& ( BEEE)
230 : Totox = (2xPV) + p-AV PV :
BEIEE ( AOAC 1990)

p-AV : HEEFRE (IUPAC 1987)
EHE - <26 meg/kg (CRN & GOED#Z#E) 25



P FEER

[#iE148] (BIH) —mEREE MG
5. FRREK (%)
6. /K;EM (aw) : Aqua Lab 4 TE DUO, 25°C

7. BEIEm M (TPA)
« BERE. MMTTE. EREME. ErE. MESHE

8. 2 : LN(RE), a*({LE), b*(FEE)
9. R-HRZE & FLIE : ImageJEXEe 74T 20



[REMWME] (3| —HEEERE

10. REFE 4ORIER) 12. #iEt o #r
- SVER. ®mOK. EBK. Hih « SAS University#r g2
NEBEEWFIEER « ANOVA + Duncant&E (p <0.01)

(0=1E#E, O=1BE = #k)
« xmm180°C;HYE1IS0/ R 2R

11. WE&EE (SEM)
e Carl Zeiss Leo 1430, 15kV

« 100x & 500X AR {5
B EREMEK. ILREM. FLE
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Table 1

Design matrix for three independent variables: Total free amino acids, drip loss and hardness value.
Sample No Input Variables Responses

MTGase (%) Pressure Weight (gf/cm?) Setting Time (hour) Drip Loss (%) Total Free Amino Acids (mg/100 ) Hardness Value (N)

S 0 2.54 4 0.7450 d 38.2150 ¢ 5.01 h
Ss 0.16 0 4 0.4400 ¢ 34,9150 f 6.68 e
S3 0.16 5.09 4 0.4505 ¢ 32,4150 h 7.96 ¢
Sy 0.32 2.54 4 0.3100 i 30.1650 i 7.89 ¢
Ss 0 0 14 0.9000 ¢ 40.7650 a 4,82 hi
Sg 0 5.09 14 1.0000 b 40.2900 b 4.64 i
Sy 0.16 2.54 14 0.3450 hi 33.5650 ¢ 8.49 ab
Sg 0.16 2.54 14 0.3450 hi 33.5650 ¢ 8.41 ab
So 0.16 2.54 14 0.3450 hi 33.5650 g 8.46 ab
S0 0.32 0 14 0.3000 i 32.2900 h 6.41f
BASERIRT MTGase,?&)JuEF%EIle:% BRAFEBMER, MTGase/iNEE N 114524/ EFRIFE & A 3K
Si3 0.16 24 0.6000 t 35.2000 d 7.52:d
Si4 0.16 5.09 24 0.6500 e 35.6500 e 8.06 ¢
Sis 0.32 2.54 24 0.4400 h 32.5400 i 8.31b

Source: Tokay et al. (2021)

4

29



B 1  EEHE ST —=EEEEH

Drip loss (%)

Drip loss (%)
Drip loss (%)

#at 7 AE
EHAREM
HYEHEE -

Total Free AA (mg/100g)

Total Fres AA. (mg/100g)
Total Free AA. (mg/100g)

5% Hpression Weight (gf/cm
3
2

3,054

4072

B: Pressure Weight (gf/cm2)

Pressun ht (gt/ema2)
A MTGase (%) B Prussure Weight (gt/cn




NO S 00 ..rOoOX © > O C - . ~NON A ~



& 1

B By —

Breghm T —={EEEEH

wERIER

Drip loss (%)

1018
2036
3.054

B: Pressure Weight (gf/em2)

4072

509 032

024

Drip loss (%)

A MTGase (%)

Drip loss {%)

0.08

016

A: MTGase (%)

“ 024

4072
C: Setting Time (Hour) 24 032 C: Setting Time (Hour) A 80 B: Pressure Weight (gf/iem2)

Source: Tokay et al. (2021




1 [ — : BEME S T—=EEEEH

TFAA

TR
LTI

77 177777 ‘°
[ 40 TRE, 7

P %'ﬂ"' LT = 38
N 3 8 3

? é‘ 36 %

-— ) E

? £ 3

E <

3 3 g

8 k 3

£ fron °

1018 .16

B:{%Srapressuon Weight (gf/fem

2036 4072

14
oq A MTGase (%) 19

C: Setting Time (Hour) 24 509

A MTGase (%)

3.054

B: Pressure Weight (gf/em2) el

C: Setting Time (Hour)

Source: Tokay et al. (2021




BR—  EEES T —=EEEEH
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Y s e LEAENEERRS %
A B )

BB K — & /)VME(Minimize)
TFAA — &/]ME(Minimize)
f# 1§ — & X {t(Maximize)

‘MTGase’=E : 0.32% /| EHE= : 3.56gflcm2 /| FFEFRME : 17.5h @ 4°C

EIEEmMNEZEENERIMED N
T RIEkL A E{E = 0.231a,F8 /|18 = 0.238a, -2.94%
"TFAA:FZE{E = 29.375a, 78 18 = 29.415a 1 -0.14%

T IEE %215 = 8.633, 78 Al /E=8.63a1 0.00%

PRAMREERZE/VI5% - FEIATE B TR 2ETE - 34



_ %2 BEERE R FHRNEE

Physicochemical analysis of the optimal product during frozen storage.

Storage pH TVB-N TOTOX TFAA Drip Water
Months (mg/ (meq/kg) (mg/ loss (%) | activity
100 g) 100 g) (aw)
0 6.41 11025 1:50: 29.37. 0.231 0.98 +
. + 0.03 + 0.004 0.00 a
XX Fr d f

* Fang et al. (2019) : MTGase{® # 3 bz & 30.66 0208 | 0.96 +
— R RREES, BB HhKEFISEMARRE [ 041 |£0.007 |0.00D

1 d e
. Ygaf et al. (2017) - TGaseRIER A s - e il
— EEREEERD | +0.15¢ |+ 0.00 ¢
0.00 d 0.021d
3 6.57 2380+ f7.79+ 36.03 0.989 0.93 +
¥ 0.49 ¢ 0.05 ¢ +051c  |+0.009 | 0.00dc
0.01c C
4 6.61 2835+ Q1045+ [|39.57 1.533 0.93 +
ﬁ*ﬁ SR £ 0.49 b 0.08 b +063 |+ 0.00 d
HEANDITHERHN 0.00 b b 0.001 b
5 6.69 36.05+ Q1587+ | 46.06 2.159 0.92 +
FHE + FEE, £ 0.49 a 0.24 a +1.75a |+o0.001 | 0.00d Source: Tokay et al. (2021)
o [RI—HEEFERR 0.00 a a
ﬁ?ﬂ(a, b, C)E"] 35

— ===+  values are means + standard deviation of the analysis.
HEXEERE i el _ ) ¥ e
Values bearing and different letters (a, b, ¢) in the column are significantly (p <

Ei(p < 0-01)0 0.01) different. v



T ———

Storage Months: BT 7 A #Hardness (N): #E (&41E)Adhesiveness (N.s): &4 M 14 (418 )
Cohesiveness (%): £81% (%) : Springiness (mm): 38t% (k) :Chewiness (N): PR IS 4 (4 18)

Table 3
Texture profile analysis of the optimal product during frozen storage.

Storage Months Hardness (N) Adhesiveness (N.s) Cohesiveness (%) Springiness (mm) Chewiness (N)
0 8.63 £ 0.04 a —-0.20+ 0.00d 0.59 £ 0.00 a 8.86 = 0.00 a 4.52 £ 0.03 a
1 8.59 +0.03 a —-0.20 = 0.00 d 0.56 £ 0.01 b 8.63+0.01b 416 +£0.10b
2 8.45+ 0.04 b —-0.17 £ 0.00 ¢ 0.53+£0.01c¢ 8.57 £ 0.00 b 3.82 +£0.08 ¢
3 8.36 = 0.05 cb —~0.17 = 0.00 ¢ 0.52 £ 0.01 dc 8.43+0.01c¢ 3.66 = 0.02 ¢
4 8.29 £ 0.03 ¢ —-0.16 £ 0.01 b 0.50 £+ 0.01 de 8.30 £ 0.01d 3.45+0.06d
5 8.18 £0.04d —-0.12+ 0.01 a 0.50 £ 0.01 e 8.22 £ 0.00d 3.33+0.02d

Values are means + standard deviation of the analysis.
Values bearing and different lettels é 2!& /c) in the column are significantly (p < 0.01) different.

RIS,
HERHTEROTIOME + B2,
-t R FEFRQ b, OWBEFREABEER

Source: Tokay et al. (2021)

(p <0.01),
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Table 4
Sensory, color, dimensional deviation values and porous analysis of the optimal product during frozen storage.
Storage Appearance Odor Flavor Texture
Months
0 8.55 4+ 0.07 a 8.49 +0.11 a 833 +0.11a 8.45 4+ 0.05a
1 820 £0.14ba 837+0.17ba 829+0.05a 8.29+0.05ba
2 8.05+ 0.07b 8.29 4+ 0.29 ba 7.91 +£ 0.01 ba 8.04 £ 0.05b
3 7.05 + 0.07 c 795+ 0.17b 7.45 +£0.29b 7.95+0.17b
4 6104+ 014d 724 4+ 023 ¢ 6334+ 023 ¢ 7034017 ¢
S 5.354+ 0.35e 595+ 0.17d 499 + 0.23 d 6.45 + 0.29d
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Table 4

Sensory, color, dimensional deviation values and porous analysis_of the optimal product

= 4+ = O3
HY == 0N

=EELLIRD W

RERITFHENRE - 8% - KIR

uring frozen storase

Storage Appearance Odor Flavor Texture

Months

0 8.55 + 0.07 a 8.49 £ 0.11 a 8.33+0.11a 8.45 £ 0.05a

1 8.20 + 0.14 ba 8.37 £ 0.17 b: 8.29 £ 0.05 a 8.29 + 0.05 ba

2 8.05+ 0.07b 8.29 4+ 0.29 bx: 7.91 +£ 0.01 ba 8.04 £ 0.05b

3 7.05 £ 0.07 c 7.95+0.17 b 7.45 +0.29b 795+ 0.17b

- 6.10 £ 0.14d 7.24 £ 0.23 c 6.33 + 0.23 ¢ 7.03 +£0.17 c

5 535+ 0.35e 595+ 0.17d 499 +0.23d 6.45 + 0.29d
Sourcer Tokay etai(2021)
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REEmMELRITFHBRNKE - 8% - K&
={EEAES W
Table 4

Sensory, color, dimensional deviation values and porous analysis of the optimal product during frozen storage.

L* a* b*

6157+ 1.23a 6.53+0.15a .04+ 0.12 e
58.31+061b 6.35+£0.14a 1.61 £ 0.16d
56.91 £ 0.18b 597+ 0.19b 2504+ 0.13c¢
53.10+£ 0.35¢ 5424+ 0.05¢c 276+ 0.12c¢
4593+ 1.09d 453+0.15d 3.52+0.10b
41.04+ 1.19e 403+£0"e 403+"_ a

L - = y 5%
e et il
Emzia Al % ‘o 39

Source: Tokay et al. (2021) N 4
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REEmMELRITFHENEE « 8F - RIR
=EEL R
Table 4

Sensory, color, dimensional deviation values and porous analysis of the optimal product during frozen storage.

DDV (%) Porous (%)

1.94 + 0.00 £ 0.89 £ 0.01¢

215+ 0.0l e .05+ 0.05e
2824+ 0.08d 1.17 £ 0.05d

3.34+ 0.05c .45+ 0.05 ¢
37240030 1934+ 003b

403+ 002a 237+0.04a

Source: Tokay et al. (2021) 40



A: 17 .5/)\F5-
3.56 gf/cm?2-
0.32% MTGase

s£01E H (1001%)

El2. fEERmMSEMFHEFREMKRER A %

57 ST )

B:17.5/\f5-3.56
gf/cm2-0.32%
MTGase

£01& H (50012)

EMT=1500kV  ZoneMag= 100X oy EHT=1500kV  ZoneMag= 500X i

D: 17.5/\F5-
3.56 gf/cm?2-
0.32% MTGase

= 51& H (5001)

C: 17.5/)\i%-
3.56 gf/cm?2-
0.32% MTGase

=5 51E H (10015)

& Source: Tokay et al. (2021)

| EHT=1500kv  ZoneMag= 100X i EHT= 1500/ ZoneMag= 00X fram a1
Fig. 2. Optimum sample’s Scanning Electron Microscopy Photos: A: 17.5 Hours-3.56 gf/cm?-%0.32 Oth month (100x), B: 17.5 Hours-3.56 gf/cm?-%0.32 Oth month
(500x), C: 17.5 Hours-3.56 gf/c11127%0.32 5th month (100x), D: 17.5 Hours-3.56 gf/c1112-%0.32 5th month (500x).
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5POBBER () : (RIFHAPRERID

(DZEHEEZEE1E QmBEEMRIREE Q)Y XE D EXEEITRY
Bih R s 1. 40MIEZRIME - 85
1. pH6.413E%6.69 - 1/} 1. TEEETFE5.2% - 11£8.63%% 22.74FB35@20 124 - B
£6.0%7 15E A - 8.184F U8 - BN —AxEmm15 5T ) B AR E 1EFR23.7% -
2. TVB-N@ll.ozi%U Bl25%/ N PRIBE - ELR N PEERZ%40.1% - £4
36.05 - E581/5/)\5R40 2 IS4 BB N835%1E TPAREESAR —2 -
fR1E - 2.159%1/3/\FR5%ZE FRIZ#E - 2. BEESCATHE  EmER -
3. TotoxEf£1.501& % TFAAIRINS7% EEHE B - AERK -  EmE= -
15.87 + E{ER264EHE - BAREZZY - 3. SEMEIABE/R - 0fE
3. KIEMREZE0.92F0.93%&1EF ﬁﬁagﬁﬁﬁﬁéﬁﬁﬂ :
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[#E11 - MTGase3Z bt &)

CERE :
MTGasefE 1L + GIn ( BABE
B% ) + Lys ( BERREL )
!

e-(y- AR NG S 2 ) BB 52

RERRSR (1B )
l
—HEREREETN
5 HER . BE -
AolEE - fiEk - 2R

\=

VVvvYvY *

YV VvV *

(&2 . BOEEN{ERA ]

YIR{ER

HrEAES R ZER KD

IBNEREEBEE

REELERR - REEZGIn - LysiEE - BAHM

EEE

RIXE (1+1>2)
EBMTGase : REMEEBEAE - EERABR
ERER  EEIENEERER > BERAAR

MTGase+B 1] | REFEUERIBIRF — 1EE+63.5%
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(1) HERXB RS IR KGR Q) EERILEYHETENRE
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1. 2 AIH 3. MR

c EREBRSMAZ MBS AEARS - IEEC R B BRI RFHAPRAVST RS
- Box-Behnkenz& 532 17 FE 48 B - RIAmBERREEEN

« 2{EMTGase-B N1-F5E = E 7R G /EH - MR REHZ B RS

2. BT RIS ( SEM+TPA+EE )

« FNINEE S L ES
- BFEAMTGaseEBEZE
%f@é%f?’%% ( Clean Label ) 8%
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2EXRESRA

Activa GSE LB A EiE DSBS HIEILER

3. AL MR AR

« RETRERH. KBEIHFE

- ELUTVB-NEEZH#RMEMZ M

4. TR Z BT - RIBH A RIS

5 &BIMLAR : EFRTETFAA, EPA. DHAZSEEEEFZMEREERM
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THANKS!

Any questions?
You can find me at

@15 kyle
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A 1 40 NJESLBIE I M B R EIPRER A A D NBL - fREZ FlavorSum H11SO #55 | » BEAF MG BB
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