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This study was about the quality changes of Pangasius fillets during storage under simulated temperature conditions of downstream
cold chain. Sensory, chemical, and microbiological analyses were conducted over storage time and bacterial growth was modelled.
Sensory quality index (QI), at five stable (1, 4, 9, 15, and 19 ± 1∘C) and three dynamic temperatures, progressed faster at higher
temperatures, especially with sooner temperature abuses. Total volatile basic nitrogen remained under the acceptable limit
throughout all the storage conditions. Total viable psychrotrophic counts (TVC) were around 5.68 ± 0.24 log CFU g−1 at the
beginning and exceeded the limit of 6 log CFU g−1 after 216, 96, 36, 16, and 7 h at 1, 4, 9, 15, and 19 ± 1∘C, respectively. Meanwhile,
Pseudomonas counts started at 3.81 ± 0.53 log CFU g−1 and reached 4.60–6.36 logCFU g−1 by the time of TVC rejection. Since
lower shelf lives were given by TVC rather than QI, it should be appropriate to base the product shelf life on the TVC acceptable
limit. Kinetics models based on the Baranyi and Roberts and square root models, developed for TVC and Pseudomonas spp., gave
acceptable bacterial estimations at dynamic temperatures, with over 80% of observed counts within the acceptable simulation
zone, revealing promising model applicability as a supporting tool for cold chain management. However, further improvement and
validation of the models are needed.

1. Introduction

Temperature is among the most important factors affecting
the quality of aquatic products [1, 2]. At the end of a cold
supply chain, aquatic products are normally subjected to
chill-stored conditions with temperature fluctuations and/or
abuses [3–5], which affect their quality and shorten their
shelf life [2]. Continuousmonitoring of the temperatures and
assessing the sensory, chemical, and microbiological changes
of aquatic products over time are useful tools for determining
their quality, estimating shelf life, and supporting quality
management [2, 6–8]. Quality index (QI), a total sensory
score obtained from the quality index method (QIM), and
total volatile basic nitrogen (TVB-N), produced by enzy-
matic and microbiological activities, are commonly used
as freshness indicators of fish [6, 7]. Furthermore, TVB-N
contents along with microbial counts are frequently used
to endorse the rejection time estimated by QIM [9]. Total

viable psychrotrophic counts (TVC) and specific spoilage
organisms (SSOs) such as Pseudomonas spp. during cold
storage of fish also serve as good indicators for fish freshness
[10–12], since Pseudomonas spp. are a common SSO of iced
fresh water fish [13]. Five species of Pseudomonas (P. otitidis,
P. hibiscicola, P. geniculate, P. beteli, and P. aeruginosa) were
found from Pangasius at filleting and trimming steps of a
large-scale factory in Mekong Delta of Vietnam [14]. SSOs
often cause sensory spoilage, with off-odors and off-flavors,
when they reach concentrations above 7 logCFU g−1 in fresh
fish [15].

Kinetic modelling of microbial growth under simulated
supply chain conditions is becoming more and more impor-
tant for monitoring food contamination, shelf life, and risk
assessment [4, 8, 16]. Several models considered appropriate
for food systems, for example, Baranyi and Roberts model
[17], Gompertz model [18], Ratkowsky equation [19], and the
Arrhenius equation [20], have been parameterized for SSOs
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Table 1: Storage conditions of the three dynamic temperature regimes.

Regime Temperature Total storage time (h)
1∘C 28–30∘C 9∘C

(1) Dynamic 1 48 h 2 h 20 h 70
(2) Dynamic 2 27 h 1min/30min, 2 h∗ 18 h 47
(3) Dynamic 3 50 h 5min/2 h∗∗ 50
∗Abuses from 1∘C to 28–30∘C for 1min every 30min during storage hours 2–5 and 9–12 and for 2 h during storage hours 48–50. ∗∗Abuses from 1∘C to 28–30∘C
for 5min every 2 h during storage hours 0–12 and 24–36.

and/or pathogens in certain food/seafood products under
isothermal and nonisothermal conditions. For example, they
have been fitted for the growth of Pseudomonas psychrophila
and Carnobacterium maltaromaticum in tropical shrimp
(Penaeus notialis) [8], TVC and lactic acid bacteria (LAB)
in vacuum packed chilled tuna [5], and pseudomonads in
aerobically stored gilt-head sea bream [12].

Tra catfish (Pangasius hypophthalmus) is a popular com-
mercial farmed aquatic species traded worldwide with large
markets like the US, EU, Asia, and Latin America [21].
Vietnam remains the largest exporter of Pangasius with a
value of 1.715 billion USD in 2016 [22]. Skinless and boneless
frozen/chilled Pangasius fillets are one of the most common
product types [23, 24].Therefore, it is of outmost importance
to clearly understand the kinetics of quality changes of
this product under simulated supply chain condition to
support decision-making in cold chain management. Several
researches with this product type have been focused on its pH
and sensory changes during storage at 0, 3, 5, and 10∘C [25],
sensory QI changes at 0–2∘C [26], microflora during process-
ing [14], microbiological spoilage with vacuum and modified
atmosphere packaging [27], import risk analysis of this
product toNewZealand fromVietnam [28], composition and
quality attributes of conventionally and organically farmed
Pangasius fillets on the Germanmarket [23], and so on. How-
ever, sensory, chemical, and SSO quality changes of Pangasius
fillets under stable and dynamic temperatures at downstream
steps of the supply chain have not been systematically studied.
To the best of our knowledge, nomicrobiologicalmodels have
been developed for the product so far.

This work was to find out the quality changes of Pangasius
fillets under simulated temperature conditions of cold chain
downstream steps by assessing sensory, chemical, andmicro-
biological changes and kinetic modelling of bacterial growth.
This would enable the estimation of the product quality and
shelf life based on temperature history to support cold chain
management.

2. Materials and Methods

2.1. Preparation of Fish Samples. Farmed Tra catfish (Panga-
sius hypophthalmus) fillets of size 170/220 were used. Each
stable temperature regime worked with 5 batches (batches
1–5), while every dynamic temperature regime did with 3
batches (batches 1–3); each consisted of 105–112 fillets.

Frozen fillets in semiblocks in plastic bags, fully covered
with 500 g cooling mats in 30 kg insulated boxes, were trans-
ported by car from a factory, located in An Giang province

of Vietnam, on the day of processing to the laboratories
in Nha Trang city within 1 day. A 3M TL30 temperature
logger (3M, Saint Paul, MN, USA) was put on top of the
fish blocks to record the product temperature at 10min
intervals with a precision of ±0.5∘C. At the laboratories,
fish was stored in a freezer at 18 ± 2∘C. Before each study,
fillets were thawed overnight in a refrigerator at 1 ± 1∘C,
packed 1 fillet per polystyrene tray, and covered with thin
polyethylene film. This was to simulate a real supply chain
situation in Vietnam and elsewhere that frozen and/or fresh
fish is commonly repacked into retail package at retailers
[2, 24].

2.2. Storage Conditions. Fish trays were stored in a refrigera-
tor with five stable temperature conditions of 1, 4, 9, 15, and
19 ± 1∘C and three dynamic temperature regimes, namely,
Dynamic 1, Dynamic 2, and Dynamic 3 (Table 1), simulating
downstream conditions of the supply chain. Starting point
of the storage right after repack was considered as time
0 (0 h).

At Dynamic 1, fish fillets were stored at 1 ± 1∘C, assuming
that they were kept in a retail refrigerator/cold store, for 48 h
(2 days). Then they were placed outside at room temperature
(of 28–30∘C) for 2 h to simulate that they were bought
and carried home by an end customer/consumer. Finally,
the product was stored at 9 ± 1∘C, simulating a household
refrigerator condition, until unfit for human consumption.

At Dynamic 2, fish fillets were first stored at 1 ± 1∘C at
7:00 AM of day 0; from 9 AM to 12 AM and from 4 PM to 7
PM of day 0, refrigerator door was opened for 1min every
30min, simulating the product kept in a retail refrigerator
at 1 ± 1∘C for 27 h with 1min door opening every 30min
at busy shopping hours. Then the fish was placed outside at
ambient temperature (of 28–30∘C) for 2 h, assuming that the
product was purchased at 10 AMof day 1 (after 27 h of storage
in retail refrigerator) and carried home. Finally, the product
was stored at 9 ± 1∘C, resembling a household refrigerator
condition, until it is unfit for human consumption.

Dynamic 3 assumed that fish fillets were kept in a chilled
store of a retailer at 1 ± 1∘C, started from 8 AM of day 0
until being unfit for human consumption. Every day, from
8 AM to 8 PM, store door was opened for 5min every 2 h,
simulating conditions of loading and unloading the product
at the retailer store.

Samples were taken over storage time from each batch
for quality assessment. Each sample included 2 fillets for
QIM, 2 fillets for TVB-N, and another one formicrobiological
analyses.
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For continuous monitoring of the temperatures,
DS1922L-F5 iButton� loggers (Maxim Integrated Products,
Inc., CA) were put on some tray surface and tray bottom
and inside the trays in direct contact with the fish recording
temperature at 10min intervals, while EC850A loggers
(MicroLogPRO II, Israel) were used for refrigerator temper-
ature monitoring.

2.3. Sensory Evaluation. Sensory evaluation of raw fillets
was conducted by 3 panellists familiar with QIM, selected
and trained in accordance with ISO 8586: 2012 [29]. The
QIM scheme for chill-stored Pangasius fillets consisted of 6
attributes (skin side colour, backbone side mucus, backbone
side colour, backbone side texture, backbone side odour, and
backbone side stickiness) of 1–3 demerit scores with the total
QI of 13 [26].TheQIMevaluationwas carried outwith 2 fillets
from each batch per sampling point; each session worked
with fish from 2 different batches. The fillets were coded
with random 3-digit numbers, placed in a random order, and
evaluated individually.

2.4. Chemical Analysis. Analysis of TVB-Nwas performed as
described byMalle and Tao [30] in duplicate. Fish fillets were
minced and extracted with a 7.5% aqueous trichloroacetic
acid solution. TVB-N was steam distilled into boric acid
solution and titrated with sulphuric acid solution.

2.5. Microbiological Analysis. Fillet was aseptically minced.
Two to five replicate samples were evaluated for each storage
regime. Minced flesh (25 g) was mixed with 225mL of chilled
saline peptone diluent in a stomacher for 1 minute. Successive
10-fold dilutions were done as required. TVC was done on
plate count agar (Merck, Germany). Enumeration of pre-
sumptive pseudomonads was performed using Pseudomonas
Agar Base (Merck, Germany) with Cephaloridine Fucidin
Cetrimide selective Agar Supplement (Merck, Germany) [31].
Spread-plating was used for all media. Plates were incubated
at 19 ± 1∘C for 5 days. Counts are reported as decimal
logarithmic average values of colony-forming units per gram
(logCFU g−1).

2.6. Microbiological Growth Modelling. Measured data of
TVC and Pseudomonas spp. at five stable temperature condi-
tions was fitted, usingDMFIT available software onComBase
website (https://browser.combase.cc/DMFit.aspx), with the
primary Baranyi and Roberts model [17, 32] as follows (see
(1)):

𝑦 = 𝑦max

+ ln( 1 + exp (𝜇max𝑡 − ℎ0) − exp (−ℎ0)
exp (𝑦max − 𝑦0) + exp (𝜇max𝑡 − ℎ0) − exp (−ℎ0))

ℎ0 = ln(1 + 𝑞0𝑞0 )

𝜆 ⋅ 𝜇max = ln(1 + 𝑞0𝑞0 ) = ℎ0,

(1)

where 𝑦 is the decimal logarithm of bacterial counts at
time 𝑡 (log CFU g−1); 𝑦0 is the decimal logarithm of initial
bacterial counts (log CFU g−1); 𝑦max is the decimal logarithm
of maximum bacterial counts (log CFU g−1); 𝜇max is the
maximum specific growth rate (h−1); 𝜆 is the lag time (h); 𝑞0
represents physiological state of the bacterial cells introduced;ℎ0 is considered as a statically stable transformation of 𝑞0.

The dependency of bacterial growth on temperatures was
modelledwith the secondary square rootmodel of Ratkowsky
[19] as follows (see (2)):

√𝜇max = 𝑏 (𝑇 − 𝑇min) , (2)

where 𝑇min is the conceptual minimum temperature for the
bacterial growth (∘C); 𝑇 is the temperature (∘C); 𝑏 is the
regression coefficients (∘C−1 h−1/2).

2.7. Validation of the Kinetics Models. The accuracy of the fit-
tings was evaluated based on the coefficient of determination
(𝑅2) and standard error of fit (SE of fit) [20, 32].

For further validation of the developed kinetics models,
data from three dynamic temperature regimes were used.The
primary and secondary models were combined to predict
the bacterial growth at dynamic temperature regimes within
time-temperature history intervals of constant temperatures
[20]. The acceptable simulation zone (ASZ), defined as±0.5 logCFU g−1 from the predicted counts, was used for
comparison with bacterial observed growth; and the models
would be considered acceptable if at least 70% of the observed
counts was within the ASZ of prediction [33–36].

2.8. Data Analysis. Microsoft Excel 2010 (Microsoft, Red-
mond, WA, USA) was used to calculate means and standard
deviations and to build graphs. One-wayANOVA (analysis of
variance) and post hoc Tukey’s test were conducted with the
software SPSS version 17.0 (SPSS, Chicago, Il, USA) to com-
pare the mean values for a statistical significant level of 0.05.

3. Results and Discussion

3.1. Sensory Changes of Pangasius Fillets at Different Storage
Conditions. At stable temperature conditions, QI of Panga-
sius fillets has increased over time at each storage temperature
condition and with faster changes at higher temperatures,
well observed from trendlines (Figure 1). The fact that QI
is close to zero for very fresh products and went up as fish
deteriorated is in good agreement with the QIM results of
other fishery products stored at low temperatures [6, 10, 37,
38]. At the end of the study period, QI reached mean scores
of 10.4, 6.9, 7.2, 6.2, and 6.4, accounting for 80%, 53%, 55%,
47%, and 49% of the total QI of the scheme after 360 h at
1 ± 1∘C, 168 h at 4 ± 1∘C, 72 h at 9 ± 1∘C, 26 h at 15 ± 1∘C,
and 12 h at 19 ± 1∘C, respectively. According to Sykes at al.
[39], the storage of aquatic products should be ended when
QI value is around 75% of the total QIM scale (i.e., when
QI = 75% ∗ 13 ≈ 9.8 in this study), which indicates that
the shelf life of Pangasius fillets was around 336 h (14 days) at
1 ± 1∘C, >168 h at 4 ± 1∘C, >72 h at 9 ± 1∘C, >26 h at 15 ± 1∘C,

https://browser.combase.cc/DMFit.aspx
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Figure 1: Changes in quality index (QI) of Pangasius fillets during storage at (a) 1, 4, and 9 ± 1∘C, (b) 15 and 19 ± 1∘C, and (c) dynamic
temperature conditions. Different letters (A, B, C, D, and E) with numbers (1, 2, 3, 4, and 5) indicate significantly different QI mean values
(𝑃 < 0.05) between samples over storage time of each temperature regime. In the regression equations, 𝑦 is QI and 𝑥 is storage time (h).

and >12 h at 19 ± 1∘C. The QIM results at 1 ± 1∘C cofounded
well with the findings from a previous study demonstrating
that the maximal shelf life of Pangasius fillets stored at 0–2∘C
was 15 days as evaluated by QDA [26]. For skinless Pangasius
fillets from Malaysia, Abbas et al. [25] predicted shelf lives
of 16–18 days in ice storage at 0–2∘C. For skin-on Pangasius
fillets stored in ice, Bao [40] found a shelf life of about 12 days.
For whole Pangasius from Bangladesh stored in ice, Azam
et al. [41] found shelf lives of medium size (550–650 g) fish
around 12 days in summer season and 10 days inwinter season
based on sensory evaluation. The difference in shelf life of
Pangasius products might be due to the variation in product
types (skinless versus skin-on fillets, as well as whole fish),
fish origin (Vietnam versus Malaysia, as well as Bangladesh),
storage conditions (chilled air versus in ice), and so on.

At all five stable temperatures, QI was well linearly
correlated with storage time, which agreed well with other
studies about the linear correlation of QI and storage time
[6, 38–40]. The presented regression equations (Figures 1(a)
and 1(b)) are good tools for freshness evaluation and shelf life
estimation of the product.

At dynamic temperature conditions, an increasing trend
of QI over time was also observed (Figure 1(c)). When
comparing the changes of Pangasius fillet QI at stable 1± 1∘C (Figure 1(a)) and those at dynamic 1∘C (Dynamic
3, Figure 1(c)), it could be seen that QI in the latter case
evolved faster than the first one. This difference could be
explained by the fact that temperature abuse in the latter case
caused faster rate of spoilage [2, 20]. Comparing QI from the
dynamic regimes 1 and 2 (Figure 1(c)), it was found that the
sooner temperature abuse occurred (after 48 h of Dynamic
1 and after 27 h of Dynamic 2), the faster QI changed,
clearly observed after the temperature shifting. The results
from dynamic conditions of storage show that QIM has
potential for detecting the sensory changes in temperature
fluctuation/abuse situations.

3.2. TVB-N Changes of Pangasius Fillets at Different Stor-
age Conditions. At all studied temperature storage regimes,
including five stable and three dynamic temperature con-
ditions, TVB-N contents in fish fillets were initially as low
as 4.41mgN/100 g and remained well below the acceptable
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Figure 2: Changes in TVB-N of Pangasius fillets during storage at (a) 1, 4, and 9 ± 1∘C, (b) 15 and 19 ± 1∘C, and (c) dynamic temperature
conditions.

limit for Pangasius fillet of 25mgN/100 g [42] throughout
storage time (Figure 2). No significant changes (𝑃 > 0.05)
were observed in TVB-N level during storage periods at 4, 9,
15, and 19 ± 1∘C and at three dynamic temperature regimes.
At 1 ± 1∘C, TVB-N remained around 4.31–8.09mgN/100 g
until the end of the storage (360 h), where its contents
significantly rose (𝑃 < 0.05) up to 11.97 ± 3.30mgN/100 g.
This agreed well with previous studies demonstrating that
TVB-N level only increases at the later time of storage when
spoilage becomes evident [2, 43]. Ammonia contents in skin-
on Pangasius fillets stored in ice were 4.5mgN/100 g at initial
time and 49mgN/100 g at day 14 [40]. Meantime, for whole
Pangasius of medium size, the initial content of TVB-N
was 4.05 ± 0.25mgN/100 g, and it exceeded the level of
30mgN/100 g after 14 days in ice [41]. In a study on cod loin
air stored at 0.5 ± 0.5∘C, TVB-N remained low during the
first 10 days of storage, after which its level increased rapidly,
exceeding the human consumption allowed limit for gadoids
of 35mgN/100 g [44] after 13 days [2]. To summarize, TVB-
N contents in Pangasius fillets in the current study were still
within the limit for human consumption at the end of the
storage periods of different temperature conditions, which

reveals that TVB-N could not be a useful indicator for shelf
life determination of this product.

3.3. Kinetics of TVC and Pseudomonas Growth in Pangasius
Fillets at Stable Temperature Conditions. At stable temper-
atures, the TVC was around 5.68 ± 0.24 logCFU g−1 at
the beginning and increased over time more rapidly at
higher storage temperatures, exceeding the acceptable limit of
6 log CFU g−1 [42] after 216, 96, 36, 16, and 7 h at 1, 4, 9, 15, and
19 ± 1∘C, respectively (Figure 3(a)). Meanwhile, Pseudomonas
counts started at 3.81 ± 0.53 logCFU g−1 and grew with the
similar trend, reaching 4.60–6.36 logCFU g−1 by the time of
TVC rejection (Figure 3(b)). These levels of Pseudomonas
spp. were much lower than the level of 7 logCFU g−1, which
caused spoilage for fresh gilt-head sea bream Mediterranean
fish (Sparus aurata) [15], or the set level of 7.5 log CFU g−1 for
the shelf life of fresh pork or poultry [20].

When comparing the shelf life limits of the studied
product based on QI and TVC, it can be seen that TVC
gave much lower shelf lives than sensory QI did. In contrast,
some other studies found that sensory rejection timewas well
associated with a TVC level of 6 logCFU g−1, for example, for
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Table 2: Estimated parameters with standard error (SD) of the square root model for TVC and Pseudomonas growth in Pangasius fillets
stored at low temperatures.

Microorganisms 𝑏 (∘C−1 h−1/2) SD of 𝑏 (∘C−1 h−1/2) 𝑇min (
∘C) SD of 𝑇min (

∘C) 𝑅2 SE of fit
TVC 0.011059 0.00131 −10.87829 1.38524 0.84577 0.033892
Pseudomonas spp. 0.144475 0.01293 −13.36799 1.19593 0.88034 0.028596
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Figure 3: Changes in (a) TVC and (b) Pseudomonas counts of Pangasius fillets during storage at stable temperatures, with observed values
(markers) and fitting curves (lines) using primary Baranyi and Roberts model.

wild turbot [45] or for farmed turbot stored in flake ice [46].
Meanwhile, it was reviewed that there have been no common
rules on the bacterial counts and the sensory rejection time
[4]; for example, the bacterial level at the sensory shelf life
limit was ca. 7 log CFU g−1 [12] or ca. 8 logCFU g−1 [47, 48].
Findings of this study indicate that the shelf life of Pangasius
fillets at low temperatures would rather be based on the limit
level of TVC (6 logCFU g−1) than on the sensory QI (75% of
the total scale).

To observe propagation trends of TVC and Pseudomonas
spp. over time at stable temperatures, Baranyi and Roberts
model was used to fit the microbial data, and the results were
shown with fitted curves in Figure 3. The maximum growth
rate, generally, increased with storage temperatures, clearly
observed for TVC and Pseudomonas counts at temperatures
of 1, 9, 15 and 19∘C, which agreed well with the growth rate
increasing trend with temperatures from other studies, for
example, for total bacteria and Pseudomonas in turbot (Psetta
maxima) at 0, 5, 10, and 15∘C [4] or forPseudomonas counts in
poultry at temperatures of 2, 4, 10, 15, and 20∘C [32]. Further-
more, the growth of psychrotrophic bacteria was shown to
have very short lag phase (estimated about 6.313 ± 4.561 h for
TVC) or no lag (for Pseudomonas spp.) at 19 ± 1∘C (Figure 3),
which can be explained by the fact that the indicated
temperature is close to the optimum range for their growth
[49]. The maximum bacterial counts at stationary phase
were found to converge to about 9.20 logCFU g−1 for TVC
and 8.24 logCFU g−1 for Pseudomonas spp. (Figure 3), which
agreed well with the findings for other fish products; for
example, maximum bacterial concentrations of total bacteria
and Pseudomonas in turbot (Psetta maxima) at isothermal

range of 0–15∘C were 7.55–10.20 and 7.05–9.07 logCFU g−1,
respectively [4].

3.4. Modelling the Influence of Temperature on the Growth of
TVC and Pseudomonas spp. To exploit the influence of tem-
peratures on the growth of the bacteria, the square rootmodel
[19] was used as secondary model and fit parameters were
shown in Table 2. The parameters were 𝑇min = −10.87829 ±1.38524∘C and 𝑏 = 0.011059 ± 0.00131 (∘C−1 h−1/2) for TVC
and 𝑇min = −13.36799 ± 1.19593∘C and 𝑏 = 0.144475 ±
0.01293 (∘C−1 h−1/2) for Pseudomonas spp. The results were
very similar to those of other seafood; for example, for the
growth of Pseudomonas spp. in tropical shrimp (Penaeus
notialis) stored at 0 to 28∘C, the model parameters were 𝑇min
= −12.1∘Cwith 95% confidence interval (CI) (−13.1, −10.9∘C)
and 𝑏 = 0.019 with 95% CI (0.017, 0.021) [8]. Meanwhile,
estimated parameters of the square root approach in the
Baranyi and Roberts model for Pseudomonas in poultry
within a temperature range of 2–20∘C were 𝑇min = −5.8812
± 2.466∘C and 𝑏 = 0.02045 ± 0.0029 (∘C−1 h−1/2) [32], which
are somewhat different from those of aquatic products.

The coefficient of determination (𝑅2) was relatively high
(0.85 for TVC and 0.88 for Pseudomonas spp.) (Table 2),
which indicates the possibility to further apply the models
in estimation of the bacterial counts at dynamic temperature
conditions.

3.5. Validation of the Kinetics Models in Dynamic Temperature
Conditions. Data from the three dynamic regimes were
used for validation of the model applicability, and results
were shown in Figure 4. For dynamic temperature regime 1
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Figure 4: Observed and predicted growth of TVC and Pseudomonas spp. in Pangasius fillets during storage at dynamic temperature regimes:
(a) Dynamic 1, (b) Dynamic 2, and (c) Dynamic 3.

(Dynamic 1, Figure 4(a)), most of the measured TVC (20 out
of 21 observations, or 95.24%) fell within the ASZ, and the left
one (1/21, or 4.76%) was overestimated, which could be con-
sidered as a “fail-safe” prediction. For Pseudomonas counts,
18/21 (85.71%)measured counts liedwithin theASZ, 2/21were
overestimated (9.52% “fail-safe” prediction), and 1/21 (4.76%)
was underestimated, which could be considered as a “fail-
dangerous” prediction. Similarly, for dynamic temperature
regime 2 (Dynamic 2, Figure 4(b)), 100% of observed TVC
and 80.95% of observed Pseudomonas counts fell within the
ASZ; and 19.05% Pseudomonas counts were overestimated.
Comparably, at dynamic temperature regime 3 (Dynamic
3, Figure 4(c)), 87.50% of observed TVC and Pseudomonas
countswerewithin theASZof prediction, and the other 12.5%
of TVC was underestimated and 12.5% of Pseudomonas spp.
were overestimated.

The findings are comparable with those of other studies;
for example, on average, about 83% of Listeria monocytogenes
and 75% of LAB observed in cottage cheese were within the
ASZ [35]; and 78% ofmeasured psychrotolerant pseudomon-
ads in milk and cottage cheese lied in the ASZ [33].

The above results indicate that the developed kinetics
models were acceptable for further application in prediction
of TVC and Pseudomonas growth in Pangasius fillets at low
temperatures, since more than 70% of the observed counts
were within the ASZ [33–36].

In this study, due to short duration of storage, at the
end, the TVC and Pseudomonas spp. have not reached the
stationary phase yet. Therefore, further investigation with
longer time of storage is needed in order to better validate
the applicability of the models. In addition, to improve the
models, more studies at other stable storage temperatures and
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more replications would be desired. Moreover, it is important
to bear in mind that continuous improvement and validation
of kinetics models used as a quality/shelf life prediction tool
are essential in quality management [20].

4. Conclusions

Pangasius fillet QI showed a linear correlation with storage
time at 1, 4, 9, 15, and 19 ± 1∘C with speedier QI raise
at higher temperatures. Furthermore, QI changed faster if
there were temperature abuses and if abuses occurred sooner.
The findings revealed that QIM is capable of detecting
sensory changes in temperature fluctuation/abuse situations.
Meanwhile, TVB-N contents in fish fillets remained under
the acceptable limit for human consumption till the end of
all the storage conditions, which indicates that TVB-N could
not be a useful indicator for shelf life determination of this
product.

TheTVC of Pangasius fillets exceeded the acceptable level
of TVC (6 logCFU g−1) in less than 216 h at 1 ± 1∘C, 96 h at 4± 1∘C, 36 h at 9 ± 1∘C, 16 h at 15 ± 1∘C, and 7 h at 19 ± 1∘C,
showing much lower shelf lives compared to those given by
sensory QI. This reveals that the shelf life of Pangasius fillets
stored at low temperatures should be based on the acceptable
level of TVC.

Most observed bacterial counts (≥87.50% of TVC and
80.95% of Pseudomonas spp.) at dynamic temperature
regimes fell within the ASZ of the developed kinetics mod-
els, revealing the applicability of the model as a decision
supporting tool in quality management. However, further
improvement and validation of the models are needed.
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