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Development of prediction models to estimate the total number of
mesophilic aerobic and lactic acid bacteria of squid rings that were
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Abstract: This study was conducted in order to develop different statistical models for estimating the bacterial count of squid rings marinated with lemon juice
and mineral water after cooking. The marination ratios and times were as follows: (10:90; 90:10; 50:50; 100:100/100 g squid ring) and (1, 3, 6, 12, 24, 48 and
72 h), respectively. The effects of marination ratios and times on the microbiological and sensory changes of the cooked squid rings were observed at 4°C.
Pathogenic bacteria (Vibrio spp., Staphylococcus aureus and Escherichia coli) were not found in the cooked (C) and cooked marinated (CM) squid rings in
the present study. The TMC (total mesophilic aerobic bacteria counts) of all groups were determined as consumable at 72 h, whereas the TMC of C and CM
samples (C7, CM7, CM14, CM21, CM28) increased to 5.92, 5.83, 5.71, 5.57 and 5.42 log cfulg, respectively. Regression models were created to estimate
the TMC and lactic acid bacteria count (LBC) of cooked squid rings during the marination process at 4°C to determine the increasing rates of bacterial growth
of samples. As a result of this study; when compared with Model | and Model II; both of them can be preferred for predicting the TMC of C and CM samples.
The variability in the TMC of C and CM squid samples was obtained as 93% in Model I, whereas the variability in the TMC of these samples was observed as
91% in Model II. So, these two models performed well, and they can be used for predicting the TMC of C and CM samples. Additionally, Model IIl was also
developed for estimating the prediction value of LBC of cooked squid samples during the marination process at 4°C. This model was also determined very
good performance (86%) to estimate the predicting values of LBC and it can be very essential together used with Model | or Model Il for marinated fishery
products to estimate the real shelf-life.
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0z: Bu calisma, pisirme sonrasinda limon ve maden suyu ile marine edilen kalamar halkalarinin bakteri sayilarini tahmin etmede farkli istatistiksel modeller
gelistirmek amaciyla yapiimistir. Marinasyon oranlari (10:90; 90:10; 50:50; 100:100/100 g kalamar halkas!) ve sureleri (1, 3, 6, 12, 24, 48 ve 72 saat) sirasiyla
bu sekildedir. Marinasyon oranlarinin ve stirelerinin pismis kalamar halkalarinin 4°C'de depolama asamasinda mikrobiyolojik ve duyusal degisimleri iizerindeki
etkileri gozlenmistir. Bu calisma sonucunda pisirilmis marine edilmis (CM) ve pisirilmis kalamar halkalarinda (C) patojenik olan Vibrio spp., Staphylococcus
aureus ve Escherichia coli tliri patojenik bakterilere saptanmamistir. C ve CM 6rneklerinin (C7, CM7, CM 14, CM21, CM28) toplam mezofil aerobik bakteri
sayisl (TMC) 72. saatte sirasiyla 5.92, 5.83, 5.71, 5.57 ve 5.42 log kob/g'a yiikselmistir. Marinasyon islemi esnasinda drneklerin artan bakteri gelisim
oranlarinin belirlenmesi igin; 4°C'de marine islemi sirasinda pisirilmis kalamar halkalarinin TMC ve laktik asit bakteri sayilarinin (LBC) tahmini icin regresyon
modelleri gelistirilmistir. Bu ¢alismanin sonucunda; Model | ve Model Il karsilastirildiginda, C ve CM 6rneklerinin her ikisi iginde iki modelde TMC sayilarini
tahmin etmek icin tercih edilebilir oldugu gorilmistir. TMC'deki degiskenligin %93’ Model | ile %91'i Model Il ile agiklanabilmektedir. Bu nedenle bu iki
modelinde C ve ve hem CM 6meklerinde TMC sayilarini tahmin etmede cok iyi performans gésterdigi ve kullanilabilecegi belirlenmistir. Buna ek olarak,
pisirilmis kalamar émeklerinin 4°C’de marinasyon islemi esnasinda LBC sayilarini tahmin etmek icin Model Il gelistirilmistir. Bu modelinde LBC sayilarinin
tahmini degerlerinin belirlenmesi igin gok iyi performans gdsterdigi ve Model I1I'lin marine edilen su drlnleri icin gergek raf 6mriini tayin etmede Model | veya
Model Il ile birlikte kullanildiginda gok 6nemli olabilecegi belirlenmistir.

Anahtar kelimeler: Marinasyon, tahmin modelleri, pismis kalamar halkasi, bakteri sayisi, tahmin

INTRODUCTION

In traditional microbiological methods, the quality and  of food products tested and the conditions of the foods. In
safety of foods have been studied by microbiologists using  addition, these tests are also very slow and very expensive
challenge tests, which are only relevant to the characteristics ~ (Roberts, 1995). Nevertheless, predictive microbiology models
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propose an alternative to the traditional microbiological
evaluations of food quality and food safety. In this concept, the
effect of distribution, processing, and storage conditions on the
microbial growth of foods can be expressed by mathematical
models (McMeekin et al., 1992). Most predictions can be
generated by these models that the results observed in the
challenge studies. In certain conditions; the predictions show
the product to be safe or fail. Otherwise, the growth rate of
microorganisms predicted from the models is faster, or the
predicted time to the growth of microorganisms is shorter than
the time that occurred in the food products (Hyytia et al., 1999).
In addition to this, predictive modeling provides not only for
determining the shelf-life of food products during storage, but
also gives rise to predicting the shelf-life of foods during
distribution and retail sales (McMeekin and Ross, 1996).

Shelf-life has a significant concept and important property
of today's food products. The safety or quality of food products,
if unchecked, can be hazardous and limited the shelf-lives of
many food products (Man, 2004). Statistical forecasting models
can be used to estimate the shelf-life of food products, and for
hygienic assessment of food processing conditions that are
normal or not according to the characteristics of storage and
distribution of food products. It can also help determine
distribution times so that the shelf-life of food products
becomes adequate (Dalgaard, 2002). Additionally, predictive
modeling provides to estimate the remaining shelf-life of foods
accurately (McMeekin and Ross, 1996). In both cases, the
shelf-life prediction models may contribute to reducing the
losses of food products due to spoilage. In addition, shelf-life
prediction is used in research and also education, where the
applications of mathematical shelf-life models of food products
(Dalgaard, 2002).

Predictive modeling such as the Weibull hazard method
also is used for the determination of the shelf-life of many
products (Keklik et al., 2017). This model is used especially for
predicting the true shelf-life of refrigerated foods (Fu and
Labuza, 1993). The growth of surviving bacteria after the
processing of fishery products during storage time can be
predicted by a modified Gompertz model and a polynomial
expression (Tomac et al., 2013). Furthermore, Baranyi and
Roberts equation can be used for determining the growth rates
of microorganisms are modeled as the function of time.
Arrhenius Equation the rapid and reliable method; can be also
used for predicting the shelf-life of fishery products (Li et al.,
2019). Additionally, Grey and Regression prediction models
can be also used for estimating the aerobic bacteria counts on
frozen squid rings (Loligo vulgaris Lamarck, 1798) during the
thawing process (Kilinc et al., 2021). Effective applications are
necessary for modeling the temperature dependency and the
shelf-life of fishery products. This prediction model would be
made by establishing a time correlation among measured
sensory, microbial, chemical and biochemical changes for the
conditions of interest (Taoukis et al., 1999). The use of
predictive mathematical models helps to reduce the
requirements of process modifications, storage trials, product

reformulations, and challenge tests, which are labor-intensive,
expensive, and time-consuming (Blackburn, 2000).

There have been made many studies about the predictive
modeling for the shelf-life control of chilled fishery products
under storage terms and predictive quality changes of fishery
products (Dalgaard et al., 1997; Taoukis et al., 1999; Hyytia et
al., 1999; Bulat et al., 2020; Kilinc et al., 2021; Wang et al.,
2022). In these studies, models predicting the growth of
spoilage organisms in fresh and processed fishery products
have been conducted. Squid is considered a very healthy
fishery product owing to it has high nutritional composition.
Nevertheless, it can be easily spoiled by microbial
contamination (Xuan et al., 2017). So, it is very important to
extend the shelf-life of squid with the processing technologies.

Therefore, the purpose of this study was firstly to
investigate the effects of the different marinating time and the
ratios of the different marination solutions on the
microbiological, sensory and pH changes of cooked squid
rings. Secondly, another aim was to create prediction models
to estimate the TMC and LBC of cooked squid rings during
marination process as well as predicting the shelf-life of
samples in the refrigerated storage.

MATERIAL AND METHODS
Material and the preparation of marinade formulations

In this study, frozen squid rings (Loligo vulgaris Lamarck,
1798) were taken from the seafood processing factory, which
was located in Izmir province of Turkiye. The length and weight
of the squid rings were approximately 5-10 cm and 10-15 g,
respectively. Frozen squid samples were transported from the
factory to the laboratory of Fish Processing Technology of Ege
University Fisheries Faculty in approximately 20-30 minutes
with a cold chain. Squid rings were washed with tap water
before the first treatments. After that, the heat treatment was
applied to the squid rings at 50°C for 5 minutes in a water bath.
Cooked squid rings were divided into groups. Some of which
were marinated by using the different solutions at different
times.

The groups of C and CM samples are shown in Table 1
and 2. The group of frozen squid rings (F), from groups C1 to
C7 indicated as the groups of cooked squid rings, which were
stored at 4°C. Subsequently, cooked squid samples were
marinated by using the different ratios of lemon juice and
mineral water with the same ratios of sugar and carbonate
indicated as the group CM. The components of the marinating
solution (lemon juice, mineral water, sugar, carbonate) were
determined as a result of sensory evaluations. The pH value of
the lemon juice used in the marination was determined as
2.3£0.03. The ratio of (marinade solution: squid ring) was (1:1)
from the groups CM1 to CM21, whereas the ratio of (marinade
solution: squid ring) was (2:1) from the groups CM22 to CM28.
Total groups of the squid rings were stored at 4°C up to the
experiment times. The temperature of the marinating solution
applied for each group is 4°C.
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Table 1. The groups of C and CM squid rings

Frozen squid rings (F) 1h 3h
Cooked (C) C1 C2

6h 12h 24h 48 h 72h
C3 C4 C5 C6 C7

100 g squid ring +10 ml
lemon juice + 90 ml mineral
water+0.5 g sugar+0.5 g
carbonate

100 g squid ring +90 ml
lemon juice + 10 ml mineral

water+0.5 g sugar+0.5 g
carbonate

CMm1 CMm2

CMm8 CMm9

Cooked
Marinated
(cm) 100 g squid ring+50 ml
lemon juice + 50 ml mineral
water+0.5 g sugar+0.5 g
carbonate

100 g squid ring+100 ml|
lemon juice + 100 ml
mineral water+0.5 g
sugar+0.5 g carbonate

CM15 CM16

CM22 CM23

CM3 CMm4 CM5 CM6 CMm7

CM10 CM11 CMm12 CM13 CM14

Cm17 CMm18 CM19 CM20 CMm21

CM24 CM25 CM26 cm27 Ccm28

Frozen squid rings: F; Cooked squid rings: C1-C7; Cooked marinated squid rings; CM1-CM28

Table 2. The prediction groups of cooked squid rings during predictive marination process for determining the estimation values of bacteria

counts according to the regression models

Frozen squid rings (F) 75h 80 h
Cooked (C) C8 C9

85h 90 h 100 h 120 h 150 h
C10 C11 C12 C13 C14

100 g squid ring +10 ml
lemon juice + 90 ml mineral
water+0.5 g sugar+0.5 g
carbonate

100 g squid ring +90 ml
lemon juice + 10 ml mineral
water+0.5 g sugar+0.5 g
carbonate

CM29 CM30

CM36 CM37

Cooked
Marinated
(cm) 100 g squid ring+50 ml lemon
juice + 50 ml mineral
water+0.5 g sugar+0.5 g
carbonate
100 g squid ring+100 ml
lemon juice + 100 ml mineral
water+0.5 g sugar+0.5 g
carbonate

CMm43 CM44

CM50 CM51

CM31 CM32 CM33 CM34 CM35

CM38 CM39 CM40 CM41 Cm42

CM45 CM46 Cm47 CMm48 CMm49

CM52 CM53 CM54 CM55 CM56

Cooked; C8-C14, Cooked marinated squid rings; CM29-CM56

The methods of the analysis
pH analysis

Cooked (C) and cooked marinated (CM) squid rings (10 g)
were calculated for pH analysis and then samples were put into
the 10 ml of the distilled water to be dissolved in it. The pH
values of squid ring groups were performed by using a pH
meter (HANNA-HI 2211 model, Leighton Buzzard, England).
For the determination of pH values of samples, analysis were
performed in triplicate for each group (C and CM) according to
the method (Bongiorno et al., 2018).

Sensory analysis

The sensory analysis had a hedonic scale (changed from
9; extremely liked to 1; extremely disliked) was used the
determine the characteristics of color, texture, odor, and

general acceptability of C and CM (Tomac et al., 2017).
Randomly chosen 3 pieces of the groups (approximately 10-15
g of each) were served to each panelist to evaluate the sensory
characteristics of the groups. A total of ten panelists, whose
very experience in evaluating sensory characteristics of fish
products in Ege University Fisheries Faculty, were joined to the
sensory analysis for giving a numerical score to C and CM
squid samples.

Microbiological analysis

For microbiological analysis of C and CM squid rings, firstly
the dilutions were prepared according to the aseptic conditions.
The sample of 10 g of was calculated and then put into 90 ml
of 0.1% peptone water (Merck, 1.07228.0500, Darmstadt,
Germany). Secondly, other decimal dilutions were prepared
from the first dilution. After that, squid rings were homogenized
by using a stomacher (IUL, Barcelona, Spain) for 60s.
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For total psychrotrophic bacteria counts (TPC) and TMC,
the Plate Count Agar (PCA, Merck, 1.05463.0500) was used
as a medium for the pour plate method (Harrigan and
McCance, 1976). After the inoculation stage, the inoculated
petri dishes were incubated at 30°C for 24-48 h in the incubator
(ENS500, Nev, Ankara, Tirkiye) for determining the TMC of the
samples. For determining the TPC of squid samples, this time
inoculated petri dishes were incubated in the refrigerator and
were adjusted at 7°C for 10 days (Harrigan and McCance,
1976).

Yeast Extract Glucose Chloramphenicol Agar (YGC,
Merck, 1.16000.0500) was used as the medium for determining
the yeast and mold counts (YMC) by using The Pour plate
method. Accordingly, the inoculated petri dishes were
incubated at 25°C for 3-5 days for enumerating the YMC
(Anonymous, 2000) and Baird Parker Agar (BPA, Merck
1.05406) with egg yolk tellurite emulsion was used the
determine the Staphylococcus aureus count (SAC). According
to the spread plate method, 0.1 ml of inoculum was taken and
inoculated onto the BPA. After the inoculation, the inoculum
was spread onto this medium. After the inoculated petri dishes
were incubated at 37°C'de for 30 h for SAC in an incubator
(EN500, Nevi, Ankara, Tirkiye) according to the method
(Mossel and Moreno, 1985). The spread plate method was also
used for determining the Vibrio bacteria count (VBC). 0.1 ml of
inoculum was taken and then inoculated onto the TCBS Agar
(Triosulfate Citrate Bile Sucrose). Then, inoculation was the
TCBS Agar inoculated petri dishes were incubated at 20°C for
3-5 days for VBC (Serratore et al., 1999).

The medium of MRS Agar (De Man, Rogosa Sharpe,
Merck, 1.10660.0500) was used for determining the LBC by
using the double agar layer method and was incubated for 2-3
days at 30°C (Baumgart et al., 1986). In addition, the double
agar layer method with the Violet Red Bile Agar (VRB Agar,
Merck, 1.10275.0500) was used for determining the
Enterobacteriaceae counts (EBC) for C and CM squid samples
and were incubated at 30°C for 25h (Harrigan and McCance,
1976). For determining the coliform bacteria counts (CBC) of C
and CM squid rings, the double agar layer method was used,
and the Violet red bile agar (VRB agar, Merck, 1.10275.0500)
was used as the medium. Subsequently, the inoculated petri
dishes were incubated at 30°C for 24 h for determining the
CBC of C and CM squid rings.

For determining the fecal coliform bacteria count (FCB) of
C and CM squid rings, the Brilliant Green Lactose Broth
(BGLB) was used as the medium. Afterward, the inoculated
tubes were incubated at 44-45°C for 48 h according to the
method of ICMSF (1986). For defining the E. coli (EC) of squid
samples, the Eosin Methylene Blue Lactose Sucrose Agar
(EMB, Merck, 1.01347.0500) was used as the medium. In this
method, the EMB Agar spread by using the spread plate
method was inoculated for E. coli at 37°C for 24 h (Mossel ve
Moreno, 1985). On each analysis day in triplicate, were done
for all microbiological analysis. On each experiment day, three
repetitions were performed from each C and CM squid sample.

Statistical methods

Statistical Package Program for the Social Sciences
Version 25.0 software (IBM SPSS Statistics 25) was used to
determine the statistical changes between the groups
according to the marination times of cooked squid rings during
the same period and in the same groups. The differences in
the results of all analysis were evaluated statistically. The
ANOVA test (One-way analysis of variance) was carried out for
examining the significant difference (p>0.05) according to the
method by Montgomery and Runger (2003). In this ANOVA
test, the normality assumption was checked using the
Kolmogorov-Smirnov test, while the homogeneity assumption
was checked using the Levene test. Kruskal-Wallis
nonparametric test was used to determine the significant
difference (p>0.05) between the groups according to sensory
analysis. Moreover, the non-parametric Friedman S test and
two dependent sample sign tests were also carried out using
the method (Gamgam and Altunkaynak, 2017). Regression
models were also used estimate the values of TMC and LBC
of C squid rings with respect to the method (Montgomery and
Runger, 2003).

In this study, various regression models were created to
determine the factors affecting the TMC values in C and CM
squid rings. In these regression models, TMC was the
dependent variable, lemon juice (LJ), mineral water (MW), and
marination time (T) were the independent variables. In the
present study, the lemon juice and mineral water variables
were 4 levels (10, 90, 50, 100 ml), whereas the T variable was
7 levels (1, 3, 6, 12, 24, 48, 72 h). The model equation
containing the quadratic effect of independent variables and
interaction terms with appropriate factor levels is given below:

Y =80+ X1 BiXi + X, BuXP + Y NiciBiXiXj+e (1)

In this equation, Y dependent variable (TMC), X_i's
independent variables (lemon juice, mineral water, and T), 5,
constant terms, g;'s linear effects of the independent variables,
Bi;'s were the quadratic effects of the independent variables,
and B;;'s were the interaction effects of independent variables
on the dependent variable.

Mean Absolute Error (MAE), Mean Square Error (MSE),
and Mean Square Error (RMSE) performance measurements
are used to measure the prediction errors of the models. These
measures are calculated as follows:

MAE = T Gi-9ol MSE = T G-I
n ! n ’
RMSE = S lyi-9il?
n )

where n is the sample size, y_i denotes the actual values,
and 9; denotes the predicted value obtained from the models
fori=1,2,3,...,n, respectively (Sharma, 2019).

RESULTS

pH changes and the microbiological of all C and CM
sample groups during refrigerated storage are shown in Table
3.
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Table 3. Changes in microbial load and pH values of C and CM squid rings during refrigerated storage

ErE (|ogT Zf?l/g) (Io; rffﬁ/g) (Ioglg- Efﬁ/g) (|02;(ng/g) Pit:;gfiglc el
F <A <A <A <A Negative 7.060.02A
c1 <A <A <A <A Negative 7.54£0.1081
c2 <A <A <A <A Negative 7.580.18%1
c3 <A 2.44+0.0082 <A <A Negative 7,650,021
c4 <A 2.78+0.03¢2 <qA 1A Negative 7,660,011
c5 <M 3.5420.090" <A <A Negative 7,650,071
c6 <M 4,570,681 <A <A Negative 7,660,011
c7 1.5140.0482 5.9240.07" <A <A Negative 7.70£0.138
CM1 <A <qA <A <A Negative 6.90£0.06%
cM2 <A <qA <A <A Negative 6.750.1582
CcM3 <A <qA <A <A Negative 6.87+0.092
cM4 <A 1,540,048 <A <A Negative 6.54+0.030
CM5 <A 1.85£0.07¢2 <A <A Negative 6.170.1682
CM6 151400382 3.4120.5502 1.6940.108 <A Negative 6.45£0.0772
cM? 1.56+0.04 3 5.830.0522 2,150,262 1.5120.0382 Negative 6.78+0.04%
CcMs <A <qA <A <A Negative 3,830,028
CMo <qw <A <A <A Negative 3,430,088
CM10 <A <qA <A <A Negative 3,820,053
CM11 <A <qA <A <A Negative 3.970.06%
CM12 <qw 1.6140.058 1,5240.0482 <A Negative 3,670,013
CM13 <A 4.93+0.25¢3 3,030,243 <A Negative 3,500,047
CM14 1.49+0.0182 5.710.1703 3,670,053 <A Negative 3.6640.0363
CM15 <A <A <A <A Negative 411003
CM16 <A <A <A <A Negative 4.25+0.12%¢
cM17 <A <A <A <A Negative 3.9240.05¢4
CcM18 <A <A <A <A Negative 4,320,040
CM19 <A 1,540,058 1,510,058 <A Negative 3,840,088
CM20 <A 5,050,230 2.76+0,29¢ <A Negative 3,520,027
CcM21 <A 5,570,030 3.490,0404 <A Negative 3.9240,03%
cM22 <A <A <A <A Negative 4.00£0.06%
cM23 <A <A <A <A Negative 3.78+0.0185
CM24 <A <A <A <A Negative 3,530,045
CM25 <M <Al <|A <A Negative 3.56+0,01¢5
CM26 <A 1,6240.0585 1,5940.038° <A Negative 3.32+0,0405
cM27 <A 4,460,050 2,380,045 <A Negative 3,610,015
CcM28 <qw 5,420,055 3.45+0.08% <A Negative 3.5240.03¢5

Frozen squid rings: F; Cooked squid rings: C1-C8; Cooked marinated squid rings; CM9-CM36; TPC: Total Psychrotrophic bacteria count; TMC: Total mesophilic bacteria
count; LBC: Lactic acid bacteria count; YMC: Yeast-Mould Count, Negative: Pathogenic bacteria (S. aureus, Vibrio spp., E. coli) were not detected. n=3; The microbiological
and pH results were presented as the average value of the three analysis. The results are given as mean value (X) + Standard deviation (SD). The different capital letters
A-G in the same column indicate the difference (p<0.05) according to the marinating time in the same groups. The different numbers ' in the same column indicate the

difference (p<0.05) between the groups in the same marination time.

In the present study, the LBC of CM squid rings reached to
2.15, 3.67, 3.49, and 3.45 log cfu/g at the end of 72 h of
marinating, of the groups CM7, CM14, CM21, and CM28,
respectively.  Staphylococcus aureus, Vibrio spp. and
Escherichia coli were absent in the C and CM samples. The pH
values of cooked squid rings increased from 7.54 (C1) to 7.70
(C7) at the end of the storage at 4°C. The marinating process
has reduced the pH values of the cooked squid rings.
Additionally, the higher the lemon juice concentration used in
the marination process, the more caused the decrease in the
pH values of cooked squid rings. At the end of the 72 h of
marination process, the pH values of cooked squid rings

decreased to 6.78, 3.66, 3.92, and 3.52 for the groups CM7,
CM14, CM21, and CM28, respectively.

The sensory data of the C and CM squid rings are given in
Table 4. In the study, both cooking and marination treatments
caused to increase in the shelf-life of squid rings. In addition to
this, TMC and LBC of all groups were increased during the
marinating process. However, all the groups were determined
as consumable in terms of microbiological as well as sensory
evaluations. All groups remained below the TMC upper limit for
processed fishery products (6 log cfu/g) set by the ICMSF
(1986). Therefore, regression models were developed for
estimating the TMC and LBC of cooked squid rings during
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marination at 4°C. According to these created prediction
models, the bacterial counts of cooked squid rings can be
easily estimated during the marination process in the different
solutions and marination times. In the light of the similar studies
given, three models have been created in this study as follows:
Model | and Model Il were developed for predicting the values
of TMC for C and CM squid rings, whereas Model Ill was
developed for estimating the prediction value of LBC of cooked
squid samples during marination process.

Table 4. Sensory changes of C and CM squid rings during
refrigerated storage

Groups Colour Odour Texture xgggallbility
F 8.5+1.08¢  8.3+0.95% 7.0+0.67A  8.3+0.67A
c1 8.1+1.1981  7,6+0.9781 8.2+0.7981  8.2+0.798!
C2 8.0+1.1581  7.5+0.858C1 8.2+0.7981  8.2+0.798!
C3 7.7£0.82¢1  7.440.70¢1 7.3£0.82¢1  7.3+0.82¢1
C4 6.8+£0.790*  6.1+0.8701 6.740.670*  6.5+0.5301
C5 6.1+0.7481  5.3+0.67E 6.2+0.638"  5.8+0.63F!
C6 5540977  4.5+0.53 6.1+0.74EF1  4.9+0.74%
c7 4.9+0.746"  4.3+0.67¢ 6.0£0.82F  4.4+0.526
cm1 7.640.52%2  7.5+0.53A1 7.3+0.48%2  7.5+0.53~2
CM2 7.3+0.4882  7,0+0.6782 6.8+0.4282  7.1+0.7482
cm3 6.840.63¢2  6.4+0.52¢2 5.840.63¢2  6.8+0.79¢2
Ccm4 6.4+0.5202  5.3+0.6702 5.540.5302  6.0+0.8202
CM5 6.140.3262  4,9+0.57E2 4.8+0.638"  5.1+0.88E2
CM6 5.6+0.52F2  4.5+0.53% 45+0.53F2  4.8+0.797
cm7 54+0.5262  4.1+0.5762 4.1+0.5762  4.5+0.53¢
(o] 8440528  8.4+0.52% 8.1+0.88A1  7.8+0.63M
CM9 8.3+0.48%  8.3+0.48% 7.840.7983  7.4+0.5283
CM10  7.7+0.678%  7.6+0.5183 7.240.79¢1  7.1£0.74¢3
CM11 6.7£0.48¢3  7.240.42¢3 6.2£0.6303  5.8+0.4203
CM12 5940575  6.1+0.570 5.2+0.63E2  5.3+0.48E3
CM13 54405288  5.1+0.74E2 4.4+052F3  4.7+0.48F
CM14 4540537  4.4+0.52F 41405762 4.3+0.48¢!
CM15  85+0.53%  8.5+0.53% 7.3+0.48%2  8.0+0.82M
CM16 7740673  8.4+0.52% 6.9+0.3284  7.6+0.7084
CM17  7.0+0.82¢¢ 7.9+0.328¢ 6.2£0.4203  7.3+0.48¢
CM18 6507104  7.5+0.53¢ 5.6+0.5204  6.1+0.7404
CM19  51+0.748  6.1£0.740 51425762 5.4+0.84E3
CM20  45+0.537  4.6+0.5263 4.4+0.70F3  4.9+0.87F
CcM21 4.4+0.52F4  4.2+0.63F2 41405762 44405261
CM22  7.8+0.79%  8.0+0.82% 7.9+0.7483  8.0+0.82M
CM23 7405282  7.5+0.538 7.540.7585  7.5+0.7184
CM24  76+0.70c  6.5+0.850 7.1£0.74¢4  7.0£0.67¢3
CM25  §.9+0.74%5  5.8+0.6305 6.140.5705  6.0+0.8202
CM26  6.6+0.7085 5.3+0.48E5 55405383  5.6+0.52E4
CM27  6.0+0.6775  4.9+0.57 4.6+0.70F4  4.7+0.48F
CM28  55+1.0865 4.7+0.4863 4.3+0.4863  4.4+0.52¢1

Frozen squid rings: F; Cooked squid rings: C1-C7; Cooked marinated squid
rings; CM1-CM28; TPC: Total Psychrotrophic bacteria count; TMC: Total
mesophilic bacteria count; LBC: Lactic acid bacteria count; YMC: Yeast-Mould
Count, n=3; The microbiological and pH results were presented as the average
value of the three analysis. The results are shown as mean value (X) + standard
deviation (SD). The different capital letters A-G in the same column indicate the
difference (p<0.05) according to the marinating time in the same groups. Dec
Decimals 1-5 in the same column indicate the difference (p<0.05) between
groups during the same storage period.

First of all, correlations between dependent variable TMC
and independent variables time, LJ, MW were investigated.
The correlation between TMC and time was obtained as 0.945
(it is significant at the 0.01 level), and the correlation between
LJ and MW was obtained as 0.22 (it is significant at the 0.05
level). In order to estimate the model given by equation (1), the
result model equation obtained by using the stepwise method
was given below:

Model I Y = 0,660 + 0,1046T — 0,0004T2 —
0,0146L] — 0,0099MW + 0,0001L/xMW + 0,0001TxL]

All coefficients of Model | was significant (p-value <0.05).
According to the results, TMC was significantly (p-value <0.01)
affected by both the linear (T, positively) and quadratic (T2,
negatively) effects of the T. We could say that the TMC was
significantly (p-value <0.01) affected linearly (negatively) both
lemon juice and mineral water. Moreover, the interaction of the
lemon juice and the T affected the TMC positively and
significantly (p-value <0.015), and the interaction of the
mineral water and the lemon juice affected the TMC positively
and significantly (p-value <0.01), the adjusted r2 value of this
model was calculated as 0.931. With the estimation model
obtained, 93% of the variability in the TMC could be explained.
In other words, there was a strong and significant effect of the
quadratic effect of T and the rates of marinating on the TMC
values of CM squid samples.

The basic principle of regression analysis is that the model
is simple. Therefore, another estimation equation, which is
simpler than the estimation equation given by Model |, but
whose AdjR? value (0.913) is close to Model I, is obtained
and is given below:

Model II: ¥ = 0,46354 + 0,0833T — 0,0060L] —
0,0045MW
Although Model Il included only linear effects of

independent variables, it explained 91% of the variability in the
dependent variable. This value (%91) was determined very
close to the value in Model | (%93). In order to make a
comparison, for different values of independent variables, the
actual (observed) values of TMC and the estimated values
obtained from Model | and Model Il are given in Table 5. In this
table, the estimated values obtained from Model | and Model I
according to different times and formulations (for different
values of LJ and MW) are given in Table 5. According to the
results, the TMC value for Lj = 0 and MW = 0 reached the
unacceptable limit for consumption earlier than the other
content values.
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Table 5. The actual (observed) values of TMC (log cfu/g) and the
estimated values of TMC (log cfu/g) of samples obtained
from Model | and Model Il

Time Groups LJ Mw The

The estimated The

observed TMC (log cfulg) estimated
TMC(log  from Model | T™MC
1h C1 0 0 0 0.7638 0.5468
cm1 10 90 0 -0.1719 0.0797
Ccms 90 10 0 -0.5403 -0.0365
CM15 50 50 0 -0.1856 0.0216
CMm22 100 100 0 -0.6019 -0.5037
3h C2 0 0 0 0,9697 0.7134
Ccm2 10 90 0 0,0368 0.2462
CMm9 90 10 0 -0.3094 0.1300
CM16 50 50 0 0.0343 0.1881
Ccm23 100 100 0 -0.3682 -0.3371
6h C3 0 0 244 1.2726 0.9632
Ccm3 10 90 0 0.3438 0.4960
CM10 90 10 0 0.0310 0.3798
Cm17 50 50 0 0.3580 0.4379
CMm24 100 100 0 -0.0237 -0.0873
12h C4 0 0 2.78 1.8567 1.4628
CM4 10 90 1.54 0.9363 0.9957
CM11 90 10 0 0.6900 0.8795
CM18 50 50 0 0.9837 0.9376
CM25 100 100 0 0.6436 0.4123
24h C5 0 0 3.54 2.9382 2.4621
CM5 10 90 1.85 2.0344 1.9949
CM12 90 10 1.61 1.9214 1.8787
CM19 50 50 1.54 2.1485 1.9368
CM26 100 100 1.62 1.8917 1.4116
48h C6 0 0 4.57 4.7547 4.4606
CMé 10 90 3.41 3.8842 3.9935
CM13 90 10 4.93 4.0377 3.8773
CM20 50 50 5.05 41315 3.9354
CMm27 100 100 446 40413 3.4101
72h C7 0 0 5.92 6.1090 6.4592
Cm7 10 90 5.83 5.2719 5.9920
CM14 90 10 5.71 5.6918 5.8758
cm21 50 50 557 5.6524 5.9339
CMm28 100 100 542 5.7287 5.4087

Cooked squid rings: C1-C7; Cooked marinated squid rings; CM1-CM28; LJ: Limon
juice; MW: Mineral water; TMC: Total mesophilic bacteria count.

The performance measures are based on the differences
between the actual values and the predicted values, that is,
errors. Therefore, the model with lower errors should give more
accurate estimates (Table 6).

Table 6. The estimation errors of the models

Model | Model Il
MAE 0.4632 0.4965
MSE 0.3139 0.4044
RMSE 0.5603 0.6359

Mean Squared Error (MSE), Mean Absolute Error (MAE), and Root-Mean Square
Error (RMSE)

According to this table (Table 6), both models were
determined to be performed well in terms of being used for

prediction. Moreover, TMC is only not a good indicator for
determining the shelf-life of fermented food products such as
marinated fishery products. This bacteria count should be
considered with the LBC, which consists of the main microbial
flora of fermented food products (Unluturk and Turantas,
2003). For this reason, Model Ill was developed for estimating
the LBC of cooked marinated squid rings. The adjusted r2value
of this model was calculated as 0.864.

Model lll: ¥ = —0,1631 + 0,0004TLJ + 0,0154T +
0,00008TMW

The estimated values of TMC (log cfu/g) of samples from
Model | and Model Il are given in Table 7. In addition to this,
the estimated values of LBC (log cfu/g) of samples from Model
Il are also in given Table 7.

Table 7. The estimated values of TMC (log cfu/g) of samples from
Model I, Model Il and the estimated values of LBC (log
cfu/g) of samples from Model IlI

Time Groups LJ Mw K‘d‘f Y:'d'ff nyﬂ
75h  C8 0 0 6.2550 6.7110 0.9919
CM29 10 90 5.3830 6.2460 1.8319
CM36 90 10 5.6070 6.1260 3.7519
CM43 50 50 5.6550 6.1860 2.7919
CM50 100 100 5.5550 5.6610 4.5919
80h C9 0 0 6.4680 7.1275 1.0689
CM30 10 90 5.6010 6.6625 1.9649
CM37 90 10 5.8650 6.5425 4.0129
CM44 50 50 5.8930 6.6025 2.9889
CM51 100 100 5.8180 6.0775 4.9089
85h  C10 0 0 6.6610 7.5440 1.1459
CM31 10 90 5.7990 7.0790 2.0979
CM38 90 10 6.1030 6.9590 4.2739
CM45 50 50 6.1110 7.0190 3.1859
CM52 100 100 6.0610 6.4940 5.2259
90h C11 0 0 6.8340 7.9605 1.2229
CM32 10 90 5.9770 7.4955 2.2309
CM39 90 10 6.3210 7.3755 4.5349
CM46 50 50 6.3090 7.4355 3.3829
CM53 100 100 6.2840 6.9105 5.5429
100h C12 0 0 7.1200 8.79354 1.3769
CM33 10 90 6.2730 8.32854 2.4969
CM40 90 10 6.6970 8.20854 5.0569
CM47 50 50 6.6450 8.26854 3.7769
CM54 100 100 6.6700 7.74354 6.1769
120h C13 0 0 7.4520 1045954  1.6849
CM34 10 90 6.6250 9.99454 3.0289
CM41 90 10 7.2090 9.87454 6.1009
CM48 50 50 7.0770 9.93454 4.5649
CM55 100 100 7.2020 9.40954 7.4449
150h C14 0 0 7.3500 12.95854  2.1469
CM35 10 90 6.5530 1249354  3.8269
CM42 90 10 7.3770 12.37354  7.6669
CM49 50 50 7.1250 1243354  5.7469
CM56 100 100 7.4000 11.00854  9.3469

The predictive groups of cooked; C37-C40, Cooked marinated squid rings; CM41-
CM56  LJ:  Limon juice; MW: Mineral water; TMC:  Total
mesophilicbacteriacount;¥,,,:The estimated TMC (logcfu/g) fromModel I; ¥,,,;: The
estimated TMC (log cfulg) from Model II; ¥,,,,,: The estimated LBC (log cfu/g) from
Model Il1.
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After 120 h of the predictive marination process, the predictive
value of TMC of cooked squid rings increased to 6.62, 7.20,
7.07, and 7.20 log cfulg, respectively for the groups CM34,
CM41, CM48, and CM55 according to Model |.

Additionally, at that time the predictive value of LBC of
samples increased to 3.02, 6.10, 4.56, and 7.44 log cfu/g,
respectively for the groups CM34, CM41, CM48, and CM55
according to the Model Il

DISCUSSION

Squid meat is known to be sensitive to heat treatment due
to its unique structure, which gives traditional squid products a
harsh and harsh taste (Hu et al., 2014). This special structure
of squid meat directly affects the acceptance of consumers
(Jun-Hui et al., 2020). Therefore, this study, it was aimed to
soften the squid rings by cooking and marinating them.
Reported that cooking at lower temperatures (55°C)
significantly decreased cooking loss, physicochemical and
textural attributes of squid meat, when compared with cooking
at a higher temperature of 77°C. In addition, it is noted that
cooking temperature of 55°C, squid meat has both sufficient
juiciness and a pleasant texture (Schmidt et al., 2021). The
maximum softening level was reported and softening is
achieved by incubating squid mantle rings at 45°C and pH 2
(Collignan and Montet, 1998).

Many studies have been conducted about the processing
technologies that are applied to squid for decreasing the TMC.
The TMC of squid treated with slightly acidic electrolyzed water
ice significantly inhibited this value up to 1.46+0.10 log cfu/g,
and also observed relatively slow microbial production during
storage (Xuan et al., 2017). In a reported study that high-
pressure processing at 300 MPa after 20 minutes reduced the
number of TMC in squid by 1.26 log cfu/g (Gou et al., 2010). In
addition to this, gamma irradiation was also reported by Tomac
etal. (2017), reducing bacterial loads of highly perishable squid
rings and resulting in significantly extended shelf-life under
cooling conditions. Reported in another study that heat
treatment was lethal to some types of microorganisms in
seafood products (Zavadlav et al., 2020). In addition to this,
each type of microorganism had its own special heat tolerance.

In the present study, the TMC of cooked squid rings began
to increase after 6h stored at 4°C. The growth of most of the
bacteria species could be inhibited by the heat and marination
treatments. However, acid tolerance lactic acid bacteria began
to grow in acidic conditions in CM squid products. The numbers
of all C and CM sample groups of microorganisms were
determined under the detectable limit at the beginning of the
marination process (Table 3). However, all the groups of
microorganisms began to increase during the marination
process at 4°C. The number of TMC began to increase in CM4
after 12 h of the marination process, whereas the TMC of
groups CM12, CM19, and CM26 increased after 24 h of the
marination process. The population of TMC in groups C7, CM7,
CM14, CM21, and CM28 significantly increased up to 5.92,

5.83, 5.71, 5.57, and 5.42 log cfu/g, respectively, then 72 h of
the refrigerated storage. However, according to the ICMSF
(1986), all groups C and CM did not exceed the microbiological
consumption limit specified as 6.0 log cfu/g for processed
aquaculture after 72 h of storage at 4°C.

Andrighetto et al. (2009) reported that LBC was found to be
high in the Italian seafood salads discussed in this study and
increased the cfu/g values by 8.0 log at the end of the shelf-life
of the seafood salad. The results of the study correlated well
with the literature studies provided (Andrighetto et al., 2009),
stating that the increase in the marinating conditions of lactic
acid bacteria is in accordance with the increased storage time.
However, pathogenic bacteria S. aureus, Vibrio spp. and E.coli
were not found in the C and CM squid rings in the present
study.

The authors reported that longer cooking times could be
caused to increase the pH values of cooked squid mantle
during refrigerated storage (Stanley and Hultin, 1982). In the
present study; after marinating process the decreasing of pH
values of cooked squid samples are confirmed by these studies
(Kilinc and Cakli, 2004; Szymczak et al., 2020).

All the groups of C and CM squid rings were still not
exceeded the limit of consumption after 72 h of storage at 4°C
(Tomac et al., 2017). At that time the general acceptability
results of the groups C7, CM7, CM14, CM21, and CM28 were
determined as 4.4, 4.5, 4.3, 4.4, and 4.4, respectively. In one
report, the panelists noted that the most important sensory
quality of cuttlefish is the texture, which is the primary quality
factor, and their most common complaint is a rubbery texture
or stiffness. However, the longest cooking time (32 minutes)
produced squid with the best sensory quality (Stanley and
Hultin, 1982). In addition to this, taking into consideration of the
processing technologies, they could be induced an increase in
the shelf-lives of fishery products (Keklik et al., 2017). In
another report, the higher pressurization was reported to be
caused to extend the longest shelf-life of squid samples
(Paarup et al., 2002). These results of all the studies given
were found to be very similar to the findings of this study that
cooking and marinating caused an increase in the shelf-life of
squid rings. Andrighetto et al. (2009) reported that LAB was
highly present in the Italian marinated seafood salads and it
increased to a value of 8.0 log cfu/g at the end of the shelf-life
of the seafood salad. In the present study, the predictive LBC
of the group CM56 during the marination process stored at 4°C
exceeded this value after 150 h according to the predictive
regression model .

CONCLUSION

As a result, three models were created for estimating the
TMC and LBC of C and CM squid rings during marination at
4°C. For marinated fishery products; Model Ill was also
developed for estimating the value of LBC of samples.
Therefore, Model IIl can be very essential together used with
Model | or Model Il because of observing the increasing LAB of
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cooked squid rings during marination. These created models
can be preferred not only for estimating bacterial counts of
fishery products during marination process but also for
deciding the shelf-life of marinated and fermented fishery
products.

ACKNOWLEDGEMENTS AND FUNDING

This study was supported by Ege University Scientific
Research Projects Coordination Unit. Project Number: FGA-
2019-20561.

AUTHOR CONTRIBUTIONS
All authors contributed equally.

REFERENCES

Andrighetto, C., Lombardi, A., Ferrati, M., Guidi, A., Corrain, C., & Arcangeli,
G. (2009). Lactic acid bacteria biodiversity in Italian marinated seafood
salad and their interactions on the growth of Listeria monocytogenes.
Food Control, 20, 462-468. DOI: 10.1016/}.foodcont.2008.07.016

Anonymous (2000). Food Microbiology and Applications. Ankara University
Faculty of Agriculture Department of Food Engineering, Ankara, Turkiye
(in Turkish).

Baumgart, J., Fimhaber, J., & Spicher, G. (1986). Mikrobiologische Untersuchung
von Lebensmitteln. Behr's Verlag, Hamburg- Germany.

Blackburn, C.W. (2000). The Stability and Shelf-life of Food. In: 3-Modelling
shelf life. Woodhead Publishing Series in Food Science Technology and
Nutrition, 55-78. ISBN:978-0-08-100435-7.

DOI: 10.1533/9781855736580.1.55

Bongiorno, T., Tulli, F., Comi, G., Sensidoni, A., Andyanto, D., & Lacumin, L.,
(2018). Sous vide cook-chill mussel (Mytilus galloprovincialis): evaluation
of chemical, microbiological and sensory quality during chilled storage
(3°C). LWT Food Science and Technology, 91, 117-124.

DOI: 10.1016/j.Iwt.2017.12.005

Bulat, F.N., Kiling, B., & Atalay, S.D. (2020). Microbial Ecology of Different
Sardine Parts Stored at Different Temperatures and The Development of
Prediction Models. Food Bioscience, 38, 100770.

DOI: 10.1016/j.fbio.2020.100770

Collignan, A., & Montet, D. (1998). Tenderizing squid mantle by marination at
different pH and Temperature Levels. LWT-Food Science and
Technology, 31(7-8), 673-679. DOI: 10.1006/fstl.1998.0423

Dalgaard, P. (2002). Safety and Quality Issues in Fish Processing. In: 12-
Modelling and predicting the shelf-life of seafood. Woodhead Publishing
Series in Food Science, Technology and Nutrition, 191-219.

DOI: 10.1533/9781855736788.2.191

Dalgaard, P., Mejlholm, O., & Huss, H.H. (1997). Application of an iterative
approach for development of a microbial model predicting the shelf-life of
packed fish. International Journal of Food Microbiology, 38, 169-179.
DOI: 10.1016/s0168-1605(97)00101-3

Fu, B., & Labuza, T.P. (1993). Shelf-life prediction: Theory and application.
Food Control, 4(3), 125-133. DOI: 10.1016/0956-7135(93)90298-3

Gamgam, H., & Altunkaynak, B. (2017). SPSS Applied Nonparametric Methods.
Seckin Press, Ankara, Tirkiye (in Turkish). ISBN: 9789750225345

Gou, J., Lee, H.Y., & Ahn, J. (2010). Effect of high pressure processing on the
quality of squid (Todarodes pacificus) during refrigerated storage. Food
Chemistry, 119(2), 471-476. DOI: 10.1016/j.foodchem.2009.06.042

Harrigan, W.F., & McCance, M.E. (1976). Laboratory Methods in Food and
Dairy Microbiology. In W.F. Harrigan, M.E. McCance (Eds.), Academic
Press Inc., London, UK.

Hu, Y., Yu, H., Dong, K., Yang, S., Ye, X., & Chen, S. (2014). Analysis of the
tenderisation of Jumbo squid (Dosidicus gigas) meat by ultrasonic

treatment using response surface methodology. Food Chemistry, 160,
219-225. DOI: 10.1016/}.foodchem.2014.01.085

CONFLICTS OF INTEREST

The author declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

ETHICS APPROVAL

There are no ethical issues with the publication of this
manuscript.

DATA AVAILABILITY

The authors confirm that the data that supports the findings
of this study are available within the article.

Hyytia, E., Hielm, S., Mokkia, M., Kinnunen, A., & Korkeala, H. (1999).
Predicted and observed growth and toxigenesis by Clostridium botulinum
type E in vacuum-packaged fishery product challenge tests. International
Journal of Food Microbiology, 47, 161-169.

DOI: 10.1016/s0168-1605(98)00173-1

ICMSF. (1986). Microorganisms in Foods 2: Sampling or microbiological
analysis: Principles and specific applications (2nd ed.). In J.A. Ordonez
Pereda, M.A. Diaz Hemnandez (Eds.), 0802056938, University of Toronto
Press, Toronto, ONT, Canada.

Jun-Hui, X., Hui-Juan, C., Bin, Z., & Hui, Y. (2020). The mechanistic effect of
bromelain and papain on tenderization in Jumbo squid (Dosidicus gigas)
muscle. Food Research International, 131, 108991.

DOI: 10.1016/j.foodres.2020.108991

Keklik, N.M., Isikli, N.D., & Sur, E.B. (2017). Estimation of the Shelf life of pezik
pickles using Weibull Hazard Analysis. Food Science and Technology
Campinas, 37(1), 125-130. DOI: 10.1590/1678-457x.33216

Kilinc, B., & Cakli, S. (2004). Chemical, Microbiological and Sensory Changes
in Thawed Frozen Fillets of Sardine (Sardina pilchardus) During
Marination. Food Chemistry, 88, 275-280.

DOI: 10.1016/j.foodchem.2004.01.044

Kilinc, B., Atalay, S.D., & Bulat, F.N. (2021). Using grey and regression
prediction models to estimate the aerobic plate bacteria counts on frozen
squid rings (Loligo vulgaris Lamarck, 1798) during the thawing process.
Journal of Food Safety and Food Quality, 72(4), 109-138.

DOI: 10.2376/0003-925X-72-122

Li, D., Xie, H., Liu, Z., Li, A,, Li, J., Liu, B., Liu, X., & Zhou, D. (2019). Shelf life
prediction and changes in lipid profiles of dried shrimp (Penaeus
vannamei) during accelerated storage. Food Chemistry, 297, 124951.
DOI: 10.1016/j.foodchem.2019.124951

Man, C.M.D. (2004). Understanding and measuring the shelf-life of food. In:
15-Shelf-life testing. Woodhead Publishing Series in Food Science,
Technology and Nutrition (pp. 340-356). eBook ISBN: 9781855739024.
DOI: 10.1201/9781439823354.ch15

McMeekin, T.A., & Ross, T. (1996). Shelf life prediction: Status and future
possibilities. International Journal of Food Microbiology, 33(1), 65-83.
DOI: 10.1016/0168-1605(96)01138-5

McMeekin, T.A., Ross, T., & Olley, J. (1992). Application of predictive
microbiology to assure the quality and safety of fish and fish products.
International Journal of Food Microbiology, 15(1-2), 13-32.

DOI: 10.1016/0168-1605(92)90132-m

Montgomery, D.C., & Runger, G.C. (2003). Applied Statistics and Probability
For Engineers. 3rd, John Wiley & amp; Sons, Inc. New York. ISBN:
9781118901359

Mossel, D.A., Moreno, G.B., & Struijk, C.B. (1985). Microbiologia de Alimentos,
Acribia. Zaragoza. Espafia, 214, 272 (in Spanish).

Paarup, T., Sanchez, J.A., Palaez, C., & Moral, A. (2002). Sensory, chemical
and bacteriological changes in vacumed packed pressurised squid mantle

324


http://doi.org/10.1016/j.foodcont.2008.07.016
http://doi.org/10.1533/9781855736580.1.55
http://doi.org/10.1016/j.lwt.2017.12.005
http://doi.org/10.1016/j.fbio.2020.100770
http://doi.org/10.1006/fstl.1998.0423
http://doi.org/10.1533/9781855736788.2.191
http://doi.org/10.1016/s0168-1605(97)00101-3
http://doi.org/10.1016/0956-7135(93)90298-3
http://doi.org/10.1016/j.foodchem.2009.06.042
http://doi.org/10.1016/j.foodchem.2014.01.085
http://doi.org/10.1016/s0168-1605(98)00173-1
http://doi.org/10.1016/j.foodres.2020.108991
http://doi.org/10.1590/1678-457x.33216
http://doi.org/10.1016/j.foodchem.2004.01.044
https://journal-food-safety.de/Article-Details/332
http://doi.org/10.1016/j.foodchem.2019.124951
https://www.elsevier.com/books/understanding-and-measuring-the-shelf-life-of-food/steele/978-1-85573-732-7
http://doi.org/10.1016/0168-1605(96)01138-5
http://doi.org/10.1016/0168-1605(92)90132-m

Kiling et al., Ege Journal of Fisheries and Aquatic Sciences, 39(4), 316-325 (2022)

(Todaropsis eblanae) stored at 4°C. International Journal of Food
Microbiology, 74(1-2), 1-12. DOI: 10.1016/s0168-1605(01)00701-2

Roberts, T.A. (1995). Microbial growth and survival: Developments in
predictive modelling. Intemational Biodeterioration & Biodegradation,
297-309. DOI: 10.1016/0964-8305(96)00009-1

Schmidt, C.V., Plankensteiner, L., Faxholm, P.L., Olsen, K., Mouritsen, O.G.,
& Frost, M.B. (2021). Physicochemical characterization of sous vide
cooked squid (Loligo forbesii and Loligo vulgaris) and relationship to
selected sensory properties and hedonic response. International Journal
of Gastronomy and Food Science, 23, 100298.

DOI: 10.1016/}.ijgfs.2020.100298

Serratore, P., Piano, A., Piraccini, S., Trentini, M., Zavatta, E., Grodzki, M., &
Valeri, M.L. (2009). Survey of V. cholerae, V. wvulnificus and V.
parahaemolyticus, in bivalve molluscs of the Adriatic sea and proposal of
an analytical protocol. lfalian Journal of Food Science, 1, 33-38.

DOI: 10.4081/ijfs.2008.4.33

Sharma, M. (2019). How to Assess a Regression’s Predictive Power for Energy
Use. kW Engineering Blog 15 February See. https://kw-
engineering.com/how-to-assess-a-regressions-predictive-power-energy-
use/

Stanley, D.W., & Hultin, H.O. (1982). Quality factors in cooked North Atlantic
squid. Canadian Institute of Food Science and Technology Journal, 15(4),
277-282.DOI: 10.1111/1.1745-4514.1988.tb00365.x

Szymczak, M., Kaminski, P., Felisiak, K., Szymczak, B., Dmytrow, I., &
Sawichi, T. (2020). Effect of constant and fluctuating temperatures during
frozen storage on quality of marinated fillets from Atlantic and Baltic
herrings (Clupea harengus). LWT Food Science and Technology, 133,
109961. DOI: 10.1016/j.Iwt.2020.109961

Taoukis, P.S., Koutsoumanis, K., & Nychas, G.J.E. (1999). Use of time-
temperature integrators and predictive modelling for shelf life control of
chilled fish under dynamic storage conditions. International Journal of
Food Microbiology, 53, 21-31. DOI: 10.1016/S0168-1605(99)00142-7

Tomac, A., Cova, M.C., Narvaiz, P., & Yeannes, M.l. (2017). Sensory
acceptability of squid rings gamma irradiated for shelf-life extension.
Radiation Physics and Chemistry, 130, 359-361.

DOI: 10.1016/j.radphyschem.2016.09.016

Tomac, A., Mascheroni, R.H., & Yeannes, M.I. (2013). Modelling the effects of
gamma irradiation on the inactivation and growth kinetics of
psychrotrophic bacteria in squid rings during refrigerated storage. Shelf
life predictions. Journal of Food Engineering, 117, 211-216.

DOI: 10.1016/}.jfoodeng.2013.02.021

Unluturk, A., & Turantas, F. (2003). Food Microbiology. META Printing Printing
Services, Istanbul, Tiirkiye (in Turkish). ISBN: 975-483-383-4.

Wang, H., Zheng, Y., Shi, W., & Wang, X. (2022). Comparison of Arrhenius
model and articifial neuronal network for predicting quality changes of
frozen Tilapia (Oreochromis niloticus). Food Chemistry.

DOI: 10.1016/j.foodchem.2021.131268

Xuan, X.T., Fan, Y.F., Ling, J.G., Hu, Y.Q,, Liu, D.H., Chen, S.G,, Ye, X.Q,, &
Ding, T. (2017). Preservation of squid by slightly acidic electrolyzed water
ice. Food Control, 73, 1483-1489. DOI: 10.1016/j.foodcont.2016.11.013

Zavadlav, S., Blazic, M., Velde, F.V., Vignatti, C., Fenoglio, C., Piagentini,
AM., Pirovani, M.E., Perotti, C.M., Kovacevic, D.B., & Putnik, P. (2020).
Sous-vide as a technique for preparing healty and high quality vegetable
and seafood products. Foods, 9(11), 1537.

DOI: 10.3390/foods9111537

325


http://doi.org/10.1016/s0168-1605(01)00701-2
http://doi.org/10.1016/0964-8305(96)00009-1
http://doi.org/10.1016/j.ijgfs.2020.100298
http://doi.org/10.4081/ijfs.2008.4.33
https://kw-engineering.com/how-to-assess-a-regressions-predictive-power-energy-use/
https://kw-engineering.com/how-to-assess-a-regressions-predictive-power-energy-use/
https://kw-engineering.com/how-to-assess-a-regressions-predictive-power-energy-use/
https://www.sciencedirect.com/science/article/abs/pii/S0315546382726124
http://doi.org/10.1016/j.lwt.2020.109961
http://doi.org/10.1016/S0168-1605(99)00142-7
http://doi.org/10.1016/j.radphyschem.2016.09.016
http://doi.org/10.1016/j.jfoodeng.2013.02.021
http://doi.org/10.1016/j.foodchem.2021.131268
http://doi.org/10.1016/j.foodcont.2016.11.013
http://doi.org/10.3390/foods9111537

