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Abstract
The milkfish floss sheet is an innovative, dry-processed, fish-based, ready-to-eat food. Determining 

the shelf life of a product is essential to ensure product quality and safety during distribution and storage. 
This study aimed to estimate the shelf life of milkfish floss sheets using Accelerated Shelf-Life Testing (ASLT) 
based on the Arrhenius model, with moisture content as the critical parameter. The product was packed 
in Alupaper packaging designed to provide an effective barrier against moisture and oxygen and stored at 
three different temperatures (30, 40, and 50°C) for 70 days. The moisture content was measured periodically 
and analyzed using zero-order reaction kinetics. The results showed a significant increase in the moisture 
content during storage, with a faster rate at higher temperatures. The Arrhenius model demonstrated a 
strong correlation (R² = 0.998) in predicting the moisture-absorption rate. Shelf-life prediction, based on 
the critical moisture content according to SNI 7690-2019 (maximum 15%), revealed that the product could 
last for 219.33 days (7.31 months) at 30°C, 197.71 days (6.59 months) at 40°C, and 179.37 days (5.98 months) 
at 50°C. Arrhenius extrapolation predicted a shelf life of approximately 230 days at ambient temperature 
(28°C). Moisture is a critical determinant of product stability, as excessive water absorption can accelerate 
lipid oxidation, microbial growth, and texture softening, ultimately leading to product deterioration. The 
study concluded that higher storage temperatures significantly accelerated quality degradation, reinforcing 
the importance of temperature control during storage to maintain product quality and safety of the product.
Keywords: Arrhenius, food safety, packaging, moisture content, temperature

Pemodelan Umur Simpan Abon Ikan Bandeng (Chanos chanos) Lembaran 
dengan Metode Accelerated Shelf-Life Testing

Abstrak
Abon ikan bandeng bentuk lembaran merupakan inovasi produk olahan kering sebagai makanan siap 

saji berbasis ikan. Penentuan umur simpan menjadi aspek penting untuk menjamin kualitas dan keamanan 
produk selama distribusi dan penyimpanan. Penelitian ini bertujuan untuk menduga umur simpan produk 
abon ikan bandeng bentuk lembaran menggunakan metode Accelerated Shelf-Life Testing (ASLT) berbasis 
model Arrhenius dengan parameter kritis kadar air. Produk dikemas menggunakan kemasan Alupaper 
(lapisan foil aluminium, polietilena, dan kertas litho) yang berfungsi sebagai penghalang efektif terhadap 
uap air dan oksigen.  Pengujian dilakukan dengan menyimpan produk pada tiga suhu berbeda, yaitu 30, 
40, dan 50°C selama 70 hari. Pengamatan kadar air dilakukan secara berkala dan dianalisis menggunakan 
model kinetika reaksi orde nol. Hasil penelitian menunjukkan bahwa kadar air abon ikan meningkat seiring 
waktu penyimpanan dan makin cepat pada suhu tinggi. Model Arrhenius menunjukkan korelasi yang sangat 
baik (R² = 0,998) dalam memprediksi laju peningkatan kadar air. Umur simpan produk berdasarkan kadar 
air kritis sesuai SNI 7690-2019 (maksimal 15%) diperkirakan mencapai 219,33 hari (7,31 bulan) pada suhu 
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30°C, 197,71 hari (6,59 bulan) pada suhu 40°C, dan 179,37 hari (5,98 bulan) pada suhu 50°C. Ekstrapolasi 
Arrhenius lebih lanjut memprediksi masa simpan sekitar 230 hari pada suhu ruangan (28°C). Kadar air 
ditetapkan sebagai parameter kritis karena peningkatan kadar air dapat mempercepat oksidasi lemak, 
pertumbuhan mikroba, serta penurunan tekstur yang menyebabkan degradasi mutu produk. Peningkatan 
suhu penyimpanan terbukti mempercepat laju kerusakan mutu produk. Hasil ini menunjukkan bahwa 
kadar air efektif digunakan sebagai parameter kritis dalam penentuan umur simpan produk abon ikan 
bandeng lembaran dan pentingnya pengendalian suhu selama penyimpanan untuk menjaga kualitas dan 
keamanan produk.
Kata kunci: Arrhenius, kadar air, keamanan pangan, kemasan, suhu

INTRODUCTION
Processed foods, such as floss fish, 

are becoming increasingly popular as public 
demand for high-quality ready-to-eat 
products grows (Kusumawati et al., 2024; 
Sormin et al., 2024). Fish floss is a type of 
processed fish that is seasoned and boiled 
and fried (Kasmiati et al., 2020; Kasmiati 
et al., 2023). One of the main challenges in 
processed food development is determining 
the optimal shelf life to ensure that products 
are consumed at their best quality. Floss sheets 
are an innovative processed fish product that 
combines the characteristics of traditional 
fish floss with a flat, biscuit-like shape. This 
product is made from milkfish (Chanos 
chanos) mixed with tapioca flour and sugar 
and then dried through a baking process. The 
resulting product is a rectangular sheet with a 
brownish-red color, crispy texture, and rough 
surface (Matti et al., 2023). Milkfish floss 
sheets are classified as ready-to-eat (RTE) 
foods, meaning they can be consumed directly 
without cooking or reheating.

Estimating the shelf life of milkfish floss 
sheets is essential to ensure product quality 
and safety, given the potential deterioration 
caused by microbial activity. Although the 
product undergoes cooking and drying 
processes, the residual moisture content 
may still support microbial growth, which 
can accelerate protein degradation, lipid 
oxidation, and overall quality deterioration 
during storage (Rudenko & Bazhenova, 2022). 
Therefore, understanding the extent and 
rate of quality deterioration during storage 
is critical for establishing a scientifically 
sound shelf life for milkfish floss sheets. A 
reliable shelf-life evaluation should account 
for the interactions among residual moisture, 
microbial growth, and physicochemical 
changes, which collectively determine the 

stability of the product over time.
Accurate shelf-life determination 

enables manufacturers to identify the optimal 
consumption period, reduce food waste, 
and enhance consumer satisfaction (Shi 
et al., 2024). With the growing awareness 
of food safety and the standardization 
of product quality, effective and efficient 
shelf-life assessment methods have become 
increasingly important (Lisboa et al., 2024; 
Muniandy et al., 2023; Tarlak, 2023). Several 
methods are commonly used to estimate shelf 
life, including accelerated shelf-life testing 
(ASLT). This technique simulates long-term 
storage conditions within a shorter time frame 
(Ntzimani et al., 2025; Nurhasanah et al., 2022) 
and expedites product quality evaluation by 
replicating extreme but realistic environmental 
conditions (Chanadang & Chambers, 2019; 
Hidayati et al., 2022; Muniandy et al., 2023).

Shelf-life estimation using ASLT based 
on the Arrhenius model generally involves 
testing at various temperatures to determine 
the degradation reaction of the product 
(Pramono et al., 2024; Yuwono, 2023). 
Traditional shelf-life tests are often time-
consuming and inefficient, whereas ASLT 
provides a more rapid approach by simulating 
extreme storage conditions to accelerate the 
degradation of products (Ntzimani et al., 2025). 
Consequently, the selection of appropriate 
quality parameters and the application 
of a suitable kinetic model are crucial for 
ensuring the accuracy of shelf-life predictions 
obtained through ASLT. By integrating 
temperature-dependent degradation kinetics 
with the Arrhenius model, the ASLT enables 
researchers to quantify the effect of storage 
conditions on product stability and generate 
reliable shelf-life estimates within a shorter 
period.
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Several previous studies have estimated 
the shelf life of processed fishery products 
using accelerated shelf-life testing (ASLT) as a 
practical approach to expedite the estimation 
process. Sulaiman and Khairi (2024) applied 
ASLT to dried fish products using moisture 
content and microbial count as quality 
parameters and found that storage temperature 
significantly affected the spoilage rate. A similar 
study by Nopiani et al. (2024) on ready-to-eat 
(RTE) sardines used the Arrhenius model to 
predict shelf life based on changes in protein, 
fat, and sensory properties during storage 
at high temperatures. Nugraha et al. (2022) 
also applied ASLT to estimate the shelf life of 
Nori Sargassum sp. and Eucheuma spinosum, 
achieving faster shelf-life determination by 
monitoring changes in water content and 
sensory parameters. Pangawikan et al. (2022) 
examined fish crackers using ASLT and 
confirmed that higher storage temperatures 
accelerate degradation, with peroxide values 
serving as key indicators. Collectively, these 
studies demonstrate that the ASLT method 
effectively estimates the shelf life of processed 
fishery products by evaluating changes in their 
chemical and physical quality during storage.

Moisture content is a critical quality 
parameter for food products because it 
directly influences water activity (aw), which 
determines the microbiological, chemical, 
and physical stability of dry products, such as 
milkfish floss sheets. An increase in moisture 
content during storage can cause the loss of a 
crisp texture, heightened enzymatic activity, 
and proliferation of microorganisms (Bell, 
2020). Compared to other parameters, such 
as free fatty acids or organoleptic attributes, 
moisture content is more responsive, exhibits 
a linear relationship with temperature, and is 
easy to measure at regular intervals, making it 
highly compatible with the principles of ASLT 
(Hassan et al., 2022; Latief et al., 2020; Tanaka 
et al., 2016). Although previous studies have 
applied ASLT using moisture as a quality 
indicator, no study has specifically estimated 
the shelf life of milkfish floss sheets using 
the Arrhenius model with moisture content 
as the sole critical parameter while explicitly 
referring to the 15% maximum limit stated 
in SNI 7690-2019. This highlights a notable 

research gap, as milkfish floss sheets are a 
newly developed innovative fishery product 
that combines the characteristics of traditional 
fish floss with dried sheet products. Owing to 
their unique formulation, thin structure, and 
high hygroscopicity, their moisture adsorption 
behavior and stability mechanisms are 
expected to differ from those of conventional 
dried fish products.

Therefore, this study aimed to 
quantitatively estimate the shelf life of packaged 
milkfish floss sheets using the ASLT method 
based on the Arrhenius model, with moisture 
content designated as the critical parameter. 
This study tested the hypothesis that the rate of 
moisture increase follows an Arrhenius-type 
temperature dependence, thereby enabling 
the accurate prediction of product stability 
and expiry under various storage conditions. 
The results are expected to provide empirical 
data and a predictive model that can serve as 
a scientific basis for determining expiration 
labels, storage temperatures, and supporting 
the commercialization of this new milkfish-
based product within Indonesia’s fishery 
industry.

MATERIAL AND METHOD
Preparation of Milkfish Floss 
Sheets

The preparation of milkfish floss sheets 
followed the procedure described by Matti 
et al. (2023). First, the milkfish meat was 
separated from the bones and skin and then 
steamed for 30 min using a stainless-steel 
steamer (Sekai, Indonesia). The cooked meat 
was finely shredded using a food processor 
(Mitochiba CH-200, Indonesia) and mixed 
with sautéed spices until fully cooked. The 
mixture was subsequently fried in cooking 
oil using a stainless steel frying pan (Maxim, 
Indonesia) over medium heat until dry.

Subsequently, the floss was blended 
with a 1% tapioca solution and 10% sugar, 
calculated based on the total weight of the 
milkfish floss dough. The dough was then 
molded into sheets measuring 4×9 cm with 
a thickness of 3 mm using a custom-made 
acrylic mold (custom-made, local). The sheets 
were dried at 60°C for 3 h in a drying oven 
(Wiratech, Indonesia).
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Moisture 
The moisture content was evaluated 

using the gravimetric method specified in 
SNI 01-2354.2-2006. Approximately ±5 g of 
milkfish floss sheet samples were weighed 
precisely using an analytical scale and placed 
in a dry porcelain cup of known weight. The 
samples were then dried in an oven (Wiratech, 
Indonesia) at 105±2°C for 5 h or until a 
constant weight was reached. After drying, 
the cups were removed from the oven, cooled 
in a desiccator for approximately 30 min, and 
weighed. This procedure was repeated thrice 
to obtain a representative average moisture 
content value. The moisture content (%) was 
calculated using the following equation:

Estimated Shelf Life
The stability of the milkfish floss sheets 

was tested through moisture content analysis 
to determine their shelf life (Fu & Labuza, 1993; 
Hasanah et al., 2021). In this study, storage 
temperature was defined as the experimental 
treatment, whereas packaging type and 
environmental humidity were maintained as 
controlled variables. The samples were stored 
at three different temperatures (30, 40, and 
50°C) to simulate normal and accelerated 
storage conditions using the accelerated 
shelf-life testing (ASLT) method. The selected 
temperature range spans normal to accelerated 
storage conditions while maintaining the 
degradation mechanisms observed under 
actual storage conditions. This ensures that 
the quality deterioration follows consistent 
kinetics, allowing reliable shelf-life prediction 
based on the Arrhenius model. The samples 
were packed using Alupaper packaging, which 
consists of laminated layers of aluminum foil, 
polyethylene (PE), and litho paper, providing 
an effective barrier to oxygen and water vapor. 
The water vapor transmission rate (WVTR) 

of Alupaper ranges from 0.1506 g/m²/24 h 
to 0.3517 g/m²/24 h (Syafira et al., 2020), 
depending on the layer thickness, indicating 
excellent moisture resistance. Storage was 
conducted under controlled environmental 
conditions with an average relative humidity 
(RH) of 75±2%. Moisture content was 
observed at fixed intervals (0, 10, 20, 30, 40, 50, 
60, and 70 days), and all measurements were 
conducted in triplicates to ensure accuracy 
and reproducibility. The moisture content data 
were analyzed using the Arrhenius equation.

The reaction kinetics were determined 
by plotting the average quality parameter 
values against the storage time at the three 
temperatures, and the best-fit kinetic model 
was selected based on the coefficient of 
determination (R²). The parameter values were 
plotted directly against the storage time for the 
zero-order model. The correlation coefficient 
(R²) was calculated using linear regression 
in Microsoft Excel to determine the slope of 
the curve as the reaction constant (k). The 
obtained k value was then used to construct 
an Arrhenius curve by plotting ln k against 
1/T (K⁻¹), resulting in a line equation that 
generated a k value, intercept, and correlation 
coefficient. The constant k represents the 
gradient of the linear regression based on the 
three storage temperatures.

The line equation obtained follows the 
Arrhenius equation:

The value of k0 was obtained from this 
equation. The following formula was used to 
determine the shelf life:

Moisture (%) =               ×100W1−W2 
W1−W0

where:
W0 = weight of the empty cups (g)
W1 = weight of the cup + sample before
           drying (g)
W2 = weight of the cup + sample after drying
           (g)

k=k0 .e−Ea/RT

where:
k	 = deterioration constant 
k0	 = constant (temperature independent)
Ea	 = activation energy
T 	 = absolute temperature (K)
R	 = gas constant (1.986 cal/mol K)

ln k=ln k0 − (     )× (     )Ea
R

1
T

t = A0−At
k
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RESULTS AND DISCUSSION
Initial Quality of Milkfish Floss 
Sheet 

Chemical characterization is crucial for 
evaluating nutritional quality, storage stability, 
and potential degradation during storage. 
Milkfish-based floss sheets demonstrated 
competitive nutritional value (Table 1), with 
the main chemical composition consisting of 
moisture 3.49±0.12%, protein 22.6±0.45%, 
fat 13.48±0.39%, ash 6.12±0.21%, and 
carbohydrate 54.68±1.12%. The high protein 
content highlights the substantial nutritional 
contribution of this product, consistent with 
milkfish being a source of high-quality animal 
protein. Proteins function as both structural 
and metabolic components; however, they are 
sensitive to degradation, particularly in low-
moisture systems with a high susceptibility to 
oxidation (Hematyar et al., 2024; Nemova et 
al., 2021).

The fat content of 13.48±0.39% in 
milkfish floss sheets indicates a potential 
risk of oxidative reactions during storage. 
Fish lipids are particularly susceptible to 
degradation when exposed to oxygen, light, 
and elevated temperatures, leading to the 
formation of secondary compounds, such as 
free fatty acids (FFA) and peroxides (Suárez-
Medina et al., 2024). The initial FFA level of 
0.90±0.05% (expressed as oleic acid) and the 
peroxide value of 4.00±0.18 meq/kg were still 
within the acceptable limits for dry-processed 
foods. The FFA value suggests that significant 
lipid hydrolysis has not yet occurred; however, 

it remains a crucial early indicator of fat quality 
deterioration. The peroxide value, which 
reflects the degree of primary lipid oxidation, 
confirmed that the product was still in the 
initial oxidation phase but required controlled 
storage conditions to prevent rapid increases 
during shelf life (Winkler–Moser et al., 2020).

The ash content of 6.12±0.21% reflects 
the presence of minerals originating from 
the raw fish material and supplementary 
ingredients such as tapioca flour. In addition, 
the carbohydrate content of 54.68±1.12% 
indicates the dominance of the energy 
fraction contributed primarily by the added 
starch, which influences the texture and 
physical stability of the product. Starch-based 
carbohydrates tend to remain stable against 
microbiological and chemical damage under 
dry conditions. However, their involvement in 
non-enzymatic browning (Maillard reactions) 
cannot be disregarded, particularly when 
reactive carbonyl compounds accumulate 
from protein degradation and sugar reduction 
(Ghizdareanu et al., 2023).

The selection of moisture content as 
a critical parameter for estimating the shelf 
life of milkfish floss sheets is based on its 
high sensitivity to environmental changes 
and its influence on chemical, enzymatic, 
and microbiological degradation reactions. 
The initial moisture content of 3.49±0.12% 
was within the ideal range for dry product. 
However, in shelf-life prediction, even slight 
increases in moisture can elevate water activity 
(aw), which may trigger microbial growth or 

Table 1 Chemical composition, oxidation parameters, and microbiological characteristics of 

Parameter Milkfish floss 
sheet 

Catfish floss (Fahmi 
& Purnamayati, 2020)

SNI 
7690:2019

Moisture (%) 03.49±0.12 9.94±0.14 Max. 15
Protein (%) 22.60±0.45 32.93±0.07 Min. 30
Fat (%) 13.48±0.39 24.86±0.27 Not specified
Ash (%) 66.12±0.21 66.67±0.02 Not specified
Carbohydrate(%) 54.68±1.12 - Not specified
Free Fatty Acid (FFA) (%) 00.90±0.05 22.09±0.13 Not specified
Peroxide Value (PV) (meq/kg) 44.00±0.18 - Not specified
Total Plate Count (TPC) (log CFU/g) 11.80±0.07 - Max. 3.7

milkfish floss sheet
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chemical reactions, such as hydrolysis and lipid 
oxidation. Unlike other components, such as 
carbohydrates, which remain relatively inert 
under dry conditions, the moisture content is 
highly dynamic and directly affects product 
stability. Therefore, this parameter serves not 
only as an early quality indicator but also 
as the most sensitive measure for detecting 
deterioration, which ultimately determines 
the product’s shelf-life endpoint.

Within the Accelerated Shelf-Life 
Testing (ASLT) approach, the moisture content 
functions as the primary trigger for reaction 
kinetics modeling, enabling an accurate and 
scientifically measurable estimation of the 
product expiration time. This relationship 
is supported by microbiological test results 
obtained using the Total Plate Count (TPC) 
method, which showed a very low initial 
value of 1.80±0.07 log CFU/g, indicating that 
the low moisture content effectively inhibited 
microbial growth during the early stages 
of storage. Thus, moisture content not only 
indicates physicochemical changes but also 
serves as a key controller of microbiological 
stability, making it a critical parameter for 
estimating the shelf life of milkfish floss sheets.

Moisture Content of Milkfish Floss 
Sheet During Storage

Moisture content is a critical parameter 
for estimating the shelf life of milkfish floss 
sheets, as it directly affects the water activity 
(aw), which determines the rate of chemical, 
physical, and microbiological reactions 
during storage. High moisture content 

accelerates product deterioration owing to 
microbial growth and fat oxidation, whereas 
low moisture levels can prolong shelf life by 
slowing these reactions (Olaimat et al., 2020; 
Shaltout, 2024).

The correlation between moisture 
content and water activity (aw) is fundamental 
in determining the stability of products during 
storage. While the moisture content represents 
the total amount of water present, aw reflects 
the fraction of free water available to support 
biochemical and microbiological processes. 
Even a minor increase in moisture can 
exponentially increase aw, accelerating lipid 
oxidation, Maillard reactions, and microbial 
proliferation (Luo et al., 2022). In low-moisture 
foods, this relationship is highly sensitive, as 
slight fluctuations in environmental humidity 
can significantly alter aw and lead to quality 
degradation.

Therefore, monitoring the moisture 
content provides a practical and sensitive 
indicator for predicting the stability of the 
milkfish floss sheet. It directly influences 
chemical kinetic behavior and microbial 
growth dynamics, making it a primary 
determinant in shelf-life modeling under 
the Accelerated Shelf-Life Testing (ASLT) 
approach. The results showed that the moisture 
content of the milkfish floss sheet increased 
significantly during storage at the three tested 
temperatures of 30, 40, and 50°C (Table 2). 
This upward trend was consistently observed 
at all temperatures, with the rate of increase 
becoming more pronounced at higher storage 
temperatures than at lower ones. These 

Table 2 Changes in the moisture content of milkfish floss sheet during storage

Days
Moisture content (%)

30°C 40°C 50°C
1 5.68±0.07 5.68±0.05 5.68±0.06

10 5.79±0.09 5.89±0.12 6.39±0.15
20 6.32±0.14 6.57±0.18 6.79±0.21
30 6.54±0.11 6.73±0.16 7.17±0.19
40 7.07±0.17 7.13±0.14 8.16±0.23
50 7.39±0.21 7.79±0.25 8.56±0.28
60 8.26±0.24 8.55±0.27 8.92±0.32
70 8.45±0.19 8.78±0.22 9.18±0.29
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findings confirm that temperature plays a 
critical role in accelerating quality changes, 
particularly those associated with moisture 
uptake, which is an essential indicator of 
stability in low-moisture food products.

Milkfish floss sheets are dry, crispy 
processed fishery products that exhibit relatively 
high hygroscopicity. This characteristic allows 
the product to easily absorb moisture from 
the surrounding environment, especially 
when stored at ambient temperatures, where 
humidity control is limited. Foods with 
low initial moisture content tend to reach 
equilibrium with their storage environment, 
making moisture absorption unavoidable over 
time. In this study, samples were packaged in 
Alupaper (a laminated structure of aluminum 
foil, polyethylene, and litho paper) and stored 
under controlled conditions at 30, 40, and 50°C 
with a relative humidity of 75 ± 2%, simulating 
typical tropical storage environments. These 
settings enabled precise monitoring of the 
moisture absorption pattern and its role in 
influencing product stability throughout the 
accelerated shelf-life testing period.

Dry foods are hygroscopic and have 
a high moisture affinity (Vego, Benders, et 
al., 2023; Zou et al., 2023). At higher storage 
temperatures, the relative humidity of the 
surrounding air tends to increase, resulting in 
faster moisture uptake by the product (Afolabi 
et al., 2023; Romruen et al., 2024). This 
condition explains the continuous increase 
in the moisture content of the milkfish floss 
sheets during storage, particularly at 40°C and 
50°C relative to 30°C.

Increased storage temperature also 
accelerates physical and chemical changes 
in dry food products, including moisture 
absorption from the environment (Karwacka 
et al., 2024; Silva-Espinoza et al., 2021). The 
increase in moisture content observed in the 
milkfish floss sheet confirmed that water vapor 
was adsorbed into the hygroscopic product 
matrix. The regression analysis of the moisture 
content data (Figure 1) showed that the zero-
order model produced high coefficients of 
determination (R²) at all storage temperatures: 
R² = 0.9759 (30°C), R² = 0.9794 (40°C), and R² 
= 0.979 (50°C). These results were higher and 
more consistent than those of the first-order 
models, which showed R² = 0.9845 (30°C), R² 
= 0.9853 (40°C), and R² = 0.9669 (50°C).

The zero-order kinetic model indicates 
that the rate of moisture increase remains 
constant over time and does not depend 
on the current moisture concentration of 
the product. This behavior corresponds to 
passive moisture diffusion from the external 
environment through the packaging layer to 
the product surface.

Pakpahan et al. (2017) explained that 
higher storage temperatures cause greater 
increases in moisture content. This increase 
can be attributed to several factors, including 
the moisture permeability of the packaging 
material, fluctuations in the relative humidity 
of the environment, and the porous structure 
of the product, which readily absorbs water 
vapor (Eze et al., 2024). The immediate impact 
of rising moisture levels is the loss of crisp 
texture and the appearance of undesirable 

Figure 1 The relationship between storage time and the increase in the moisture content of 
milkfish floss sheet; (A) Ordo 0, (B) Ordo 1;  (   ) 30°C, (   ) 40°C, (   ) 50°C     

                                 (A)                                                                             (B)
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sensory changes due to hydrolytic and oxidative 
reactions triggered by water absorption (Panda 
et al., 2022). In milkfish floss sheet products, 
increased moisture content not only reduces 
crispness but also elevates the risk of chemical 
and microbiological deterioration, thereby 
accelerating the overall quality degradation.

Kinetics of Product Quality 
Change During Storage

The results of this study (Table 3) 
were further supported by reaction kinetic 
analysis using the Arrhenius model, which 
demonstrated a linear relationship between 
ln k and 1/T (Figure 2), with a very high 
determination coefficient (R² = 0.998). 
indicates excellent model accuracy in 
predicting the rate of change in the moisture 
content at different storage temperatures. 
The Arrhenius model assumes that the same 
degradation mechanism occurs at all tested 
temperatures and that the rate constant 
(k) increases exponentially with increasing 
temperature. These assumptions were met 
in this study, as the increase in moisture 
content followed a consistent pattern with no 
changes in the reaction order or degradation 
mechanism at 30, 40, or 50 °C.

The Arrhenius model describes the 
effect of temperature on the rate of physical 

and chemical reactions in food systems, 
which in this case represents moisture uptake 
caused by the adsorption of water vapor from 
the surrounding environment (Roos, 2024; 
Vego, Tengattini, et al., 2023). Therefore, the 
Arrhenius model can be effectively used to 
predict the shelf life of food products based on 
changes in the moisture content.

The relationship between ln k and 1/T 
values in this study mathematically describes 
how the storage temperature affects the rate of 
change in the moisture content of the milkfish 
floss sheets. Based on the Arrhenius model, 
increasing the temperature accelerates the 
reaction rate of moisture uptake, as reflected 
in the higher reaction rate constant (k) at 
elevated temperatures. When the value of 
1/T (in Kelvin⁻¹) decreased with increasing 
temperature, ln k increased, indicating a faster 
rate of moisture gain. The determination 
coefficient (R² = 0.998) demonstrated 
excellent model accuracy for predicting 
changes in moisture content at different 
storage temperatures (Figure 2), confirming 
that the reaction rate constant was highly 
temperature-dependent.

From the slope (−Ea/R = −984.3) 
and intercept (ln k₀ = 0.0901), the activation 
energy (Ea) and pre-exponential factor (k₀) 
were calculated as 8.18 kJmol⁻¹ and 1.09 d ⁻¹, 

Table 3 Linear regression equation of moisture content parameters

Temperature (°C) Zero-order 
kinetic equation R2 T (K) 1/T k ln k

30 0.0426x+5.4398 0.9759 303 0.0033 0.0426 -3.15590
40 0.0469x+5.4918 0.9794 313 0.0032 0.0469 -3.05974
50 0.0521x+5.7753 0.9790 323 0.0031 0.0521 -2.95459

Figure 2 The relationship between ln k and 1/T based on the moisture content
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respectively. The Arrhenius model explains 
how temperature influences chemical or 
physical reactions in food systems, which, in 
this case, is the increase in moisture content 
driven by the adsorption of water vapor from 
the surrounding environment (Roos, 2024; 
Vego, Tengattini, et al., 2023).

The strong relationship between 
the Arrhenius model and the physical 
characteristics of the milkfish floss sheets 
lies in the product’s dry and crispy structure, 
which relies on maintaining a low moisture 
level. As a flour- and fat-based product 
with a highly porous matrix, milkfish floss 
sheets easily absorb moisture from humid 
environments. With increasing storage 
temperature, the kinetic energy of water vapor 
molecules increases (Ajide & English, 2023), 
thereby accelerating their diffusion into the 
product. Consequently, the moisture content 
increases more rapidly at higher temperatures, 
which can lead to decreased crispness, texture 
softening, and other quality deterioration 
issues, such as rancidity triggered by enhanced 
fat oxidation in the presence of water (Kim et 
al., 2021; Liu et al., 2024).

The relationship between ln k and 
1/T examined in this study confirmed 
that increasing the storage temperature 
significantly accelerated moisture absorption 
by the milkfish floss sheets, resulting in a 
continuous increase in moisture content 
during storage. This increase directly affects 
the potential for microbial growth, even 
though dry fishery products, such as milkfish 
floss sheets, are initially formulated to retain 
low moisture content (<10%) to suppress 
water activity (aw) and prevent microbial 
growth. However, elevated temperature and 
humidity during storage increase moisture 
uptake, which subsequently elevates aw and 
allows the growth of certain microorganisms.

Milkfish floss sheets are commonly 
associated with microbial risks from molds 
and yeasts, as these organisms can survive 
and develop under low aw conditions 
(approximately 0.60–0.80) (Deng et al., 
2020; Heredia et al., 2024). Molds frequently 
detected in dry fishery products include 
Aspergillus, Penicillium, and Eurotium spp.   
(Baher et al., 2024). Among them, Aspergillus 

flavus is particularly concerning because of 
its ability to thrive in low-aw environments 
(Jia et al., 2022; Romero Donato et al., 2022) 
and produce aflatoxins that pose serious 
food safety risks. Yeasts such as Candida spp. 
and Saccharomyces spp. may also proliferate 
when the moisture content exceeds the safe 
threshold (Peleg et al., 2015; Romero Donato 
et al., 2022).

Thus, the rise in moisture content during 
storage, especially under high temperatures 
and humidity, not only leads to quality 
degradation, such as loss of crispness, but also 
increases the risk of microbial contamination 
of the product. Therefore, strict control of 
temperature and humidity during storage is 
essential to maintain a low moisture content 
and ensure the safety and stability of milkfish 
floss sheet products.

Estimated Shelf Life
The results of this study (Table 4) 

show that the shelf life of the milkfish floss 
sheets decreased as the storage temperature 
increased. At 30°C, the estimated shelf life is 
219.33 d (7.31 months), which decreases to 
197.71 d (6.59 months) at 40°C and further to 
179.37 d (5.98 months) at 50°C. This pattern 
aligns with the fundamental theory of chemical 
reaction kinetics in food deterioration, which 
states that the rate of quality degradation 
accelerates with increasing temperature owing 
to enhanced molecular activity (Zhang et al., 
2021).

Shelf-life estimation in this study 
used moisture content as the critical quality 
parameter, based on SNI 7690-2019, which 
sets a maximum permissible moisture level 
of 15% for milkfish floss. The selection of 
moisture content as a deterioration indicator 
is consistent with previous research on 
dry fish-based products, where increasing 
moisture content has been shown to accelerate 
both microbial growth and undesirable 
chemical reactions (Bilbie, 2022; Ramanda et 
al., 2023; Sefrienda et al., 2022). Therefore, 
this parameter is scientifically appropriate and 
regulatory compliant for determining product 
expiration.

The rate of increase in moisture content 
in this study increased with temperature, 
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from 0.04249 at 30°C to 0.05196 at 50°C. 
This indicates that higher temperatures 
accelerate the absorption of moisture from the 
surrounding environment, thereby shortening 
the shelf life of the product. This finding 
extends previous research by Y. Q. Zhang et al. 
(2020). reported that temperature and relative 
humidity significantly affect the quality of 
dry products, particularly in relation to water 
absorption and texture changes.

The results of this study indicate that the 
optimal storage temperature for maintaining 
the quality of the milkfish floss sheet is below 
30°C, ensuring that the product remains 
safe and complies with quality standards. In 
practical terms, this implies that for industrial-
scale distribution, especially in tropical 
regions with high ambient temperature 
and humidity, packaging materials with 
high water vapor barrier properties, such as 
multilayer laminates or metallized films, are 
recommended to minimize moisture ingress 
and extend the shelf life. When storage 
occurs at temperatures above 40°C, the risk of 
excessive moisture gains beyond the standard 
increases more rapidly, causing accelerated 
product deterioration. This aligns with the 
shelf-life concept proposed by Fu and Labuza 
(1993), which states that the shelf life of food 
products is influenced by storage conditions, 
particularly temperature and humidity.

The shelf life of the milkfish floss sheets 
in this study was long, exceeding 5 months 
at an extreme temperature of 50°C. This 
indicates that the formulation and production 
processes can produce products with relatively 
high stability. Fat content and processing 
techniques, such as heating and drying, also 
influence the durability of shredded products 
(Cui et al., 2023). However, it should be noted 
that the estimated shelf life of 7.31 months at 
30°C is based on kinetic model extrapolation. 

Therefore, validation through real-time storage 
studies under room-temperature conditions is 
recommended to confirm the accuracy and 
reliability of model predictions. In addition 
to accelerated temperature predictions, 
Arrhenius extrapolation indicated that the 
estimated shelf life of the milkfish floss sheet 
at a realistic ambient storage temperature of 
approximately 28°C was approximately 230 
days. This prediction aligns with the Arrhenius 
kinetic principle, which states that lower 
temperatures reduce the rates of moisture 
absorption and quality deterioration.

CONCLUSION
This study confirmed that the 

Accelerated Shelf-Life Testing (ASLT) 
method using the Arrhenius model provides 
a reliable approach for predicting the shelf 
life of milkfish floss sheets, with moisture 
content identified as the critical determinant 
of product stability. The estimated shelf life 
was 219.33 d at 30°C, 197.71 d at 40°C, and 
179.37 d at 50°C, demonstrating that higher 
storage temperatures significantly accelerated 
quality degradation. Based on Arrhenius 
extrapolation, the predicted shelf life at a typical 
ambient temperature (28°C) was slightly 
longer than that at 30°C, indicating a stability 
of approximately 230 days under normal 
room-temperature storage conditions.  These 
findings validate the use of a critical moisture 
content limit of 15% (SNI 7690-2019) as a 
scientific basis for expiration labeling, while 
offering practical implications for improving 
storage management, ensuring food safety, 
and supporting the competitiveness of fish-
based ready-to-eat products.
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