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Whenever the term "shelf life of foods" is used, it refers to their sensory shelf life. It can be thought of as 
the period of time during which a product's acceptable quality features remain constant or when the 
sensory qualities do not change over the course of its lifetime. The review provides an overview of the 
published research from the last several decades on shelf life studies in dried food products, including: 
(1) factors that affect shelf life; (2) methods for determining shelf life (peroxide value, survival analysis, 
modelling); (3) studies of accelerated shelf life; and (4) other topics and future research. 

Keywords: shelf life, oxidation, acceptability limit, peroxide value , sensory 

INTRODUCTION 
Food expiration dates, often known as use-by 
dates, are used to let consumers know whether a 
product is safe and suitable for consumption. A 
fundamental need for food safety is to label 
products with the expiration date for food. In the 
food sector, shelf-life is another name for the food's 
expiration date. The manufacturer's experience or 
best guess is typically used to forecast the shelf life 
of dried goods. There are currently no established 
rules or procedures for figuring out a product's true 
shelf life. Ideally, a consumer panel is most suitable 
to assess when the product reaches the end of 
their shelf life (Calligaris et al., 2007). However, this 
method is very costly and impossible to conduct on 
a regular basis in food factories. There are a large 
number of studies on dried food products oxidative 
stability that are available in the literature. 
However, due to wide variation in the conditions 
studied and the insufficient acceptability limited for 
evaluation of shelf life, it is difficult to explain the 
findings in regard to the shelf life estimates. The 

oxidation of lipids in foods has negative 
consequences such as the formation of off-flavors, 
palatability issues, and food poisoning. The 
peroxide value is a reliable indicator of how much 
lipids, fats, and oils have oxidised (Shantha and 
Decker, 1994).  
 
Circumstances influencing shelf life  

The formulation, processing method, packing, 
and storage conditions of products all have the 
potential to affect or shorten the shelf life of food. A 
food product's shelf life, or the amount of time it 
maintains a satisfactory degree of eating standards 
from a safety and sensorial standpoint, can be 
determined by taking these factors into account. 
These properties are vital as the perishability of the 
food determines its relative value. Perishable 
goods' shelf-life is often affected by biochemical 
(enzymatic) or microbiological deterioration. In 
recent years, the tremendous progress in 
innovative sterilized packaging and controlled or 
modified atmospheric packaging (CAP/MAP) 
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allows the commodities to be stored for up to 90 
days or more (Galić et al., 2009). Hence, increasing 
their shelf life. 

 
In order to increase the product's appearance 

while also guaranteeing its durability and safety, 
product formulation is comprised of selecting the 
best raw ingredients and functional components. 
The presence of microbial preservatives, 
antioxidants, pH, and moisture content by forming 
substances that are unfavorable and inhibitive to 
undesired and degradative reactions. The 
composition of the gases, relative humidity, 
mechanical forces, light, and temperature are 
important aspects to take into account. The 
packaging and storage conditions have an impact 
on these properties (Galić et al., 2009). The 
microenvironment in the packaging affects the 
food's capacity to both keep and how well it will 
keep its intended attributes after leaving the 
production stage. When assessing how packaging 
affects preserving food quality, microenvironment 
elements need to be taken into perspective.  

 
Shelf life determination 
 
Based on the type of product, a number of qualities 
or quality indicators need to be analytically followed 

as a measure of time to quantify the sensory, 
microbiological, and physicochemical aspects of 
product quality (Hozová et al., 2018). Data analysis 
can be difficult and take a long time, especially if 
the product’s nature is not well known. Accelerated 
shelf-life testing (ASLT) was used in a precisely 
designed strategy to take into account all of the 
deteriorating causes (Corradini and Peleg, 2007; 
Labuza and Schmidl, 1985).  
 

  Every quality indicator's fluctuation during storage 
is typically calculated, and the recorded value is 
then compared to a peak that has been established 
by standards or is commonly acknowledged by the 
general public before the analysis is completed. As 
a result, the quality deterioration of the product is 
evaluated by considering how its many qualities 
have changed over time, with a focus on the traits 
that change quickly. Scientists have used the 
Arrhenius connection, which measures the impact 
of temperature on reaction rate constants, as well 
as the study of rates (chemical kinetics) and 
processes where chemicals transform into one 
another to assess changes in food quality. An 
illustration of an extensive rate statement for a 
quality aspect Q at constant temperature is given 
below (Labuza and Schmidl, 1985). 
 
d Q / dt = ±k x Qn                                        ….Eq 1 
 
Equation 1 states that t stands for the shelf life, Q 
changing value over time (in days), and k is the 
reaction rate constant (in days-1). Finally, the order 
of the reaction is denoted by the letter n. 
 

Q0 − Q = kt                                                  ….Eq 2 

 
ln (Q0 / Q) = kt                                             ….Eq 3 

 
 
According to 

Equation 2 and 3, Q0 is the quality attribute's 
starting value. While Equation 4 and 5 can be 
referred to Table 1. 
 

k = A · e−Ea / RT                                           ….Eq 6 

 
Equation 6 states that T is the absolute 
temperature, Ea is the activation energy (J/mol), 
and R is the universal gas constant (8.314 J/mol 

Reaction 
order 

Integrated 
Rate Law 

Graphical 
presentat
ion 

Slope Intercept Units for k Examples of parameters 
changes 

Eq. 

0 [A] = −kt + 
[A0] 

[A] vs. t −k [A0] mol/dm3. s pH; acidity; overall quality of 
frozen foods; non-enzymatic 
browning 

(4) 

1 −kt = ln  
[A] / [A0] 

ln[A] vs. t −k ln [A0] (1/time), 1/s texture loss in heat 
processing; microbial 
death/growth; vitamin loss; 
oxidative color loss 

(5) 

Table 1: Equations to be used according to their reaction order. 
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K)., and A is the collision factor that is independent 
of temperature (K). 
 

ln k vs. 1/T −E/ R ln A                                  ….Eq 7 

 

qs = q0  exp (−bT )                                       ….Eq 8 

 
For Equation 7 and 8, the shelf-life at temperature 
T (oC) is denoted by qs, and at zero degrees 
Celsius, q0.  
 
Q10 = exp (10b)                                            ….Eq 9 
 
ln(Q10) = 10 E / RT (T + 10)                        ….Eq 10 
  

The Q10 methodology is a simple way to 
demonstrate how temperature affects food 
deteriorates where the ratio of a reaction's rate at 
one temperature to a temperature 10 oC lower. The 
ratio of a temperature's shelf life to one that is 10 
oC higher is another way to put it. The Q10 is 
produced by the equation representing the shelf-
life plot Eq 8. A straight line with a slope of b results 
from plotting the natural log of the shelf-life as a 
function of temperature. Thus, the Q10 is expressed 
using Eq 9. The link between Q10 and activation 
energy is shown by Equation 10. 
 

Due to its sensitivity to temperature, the Q10 is 
only stable across a limited range of temperatures 
(usually 15 to 25 °C). The Arrhenius equation 
produces more accurate results when data are 
spread across a wide temperature range. This 
means that one can predict shelf life at any 
temperature using the Arrhenius activation energy 
or the Q10 (Mizrahi, 2004). Therefore, one may 
extrapolate on an Arrhenius plot with a straight line 
to estimate the rate of deterioration at the chosen 
storage temperature by examining a degradation 
process and estimating the rate of loss at two or 
three temperatures (higher than storage 
temperature). This serves as the foundation for 
expedited shelf-life testing (ASLT). 

 
The short time after food is prepared and 

packaged during which it maintains a particular 
quality standard under predetermined storage 
environment is referred to as the "shelf-life" 
(Calligaris et al., 2016; Manzocco et al., 2020). 
Food products that are still safe to consume and 
those that are not are distinguished by a 
predetermined quality level. The important limit, 
also known as the acceptability limit, is a threshold 
that indicates quality. Any food product's shelf life 

is the amount of time required to reach the 
acceptable limit, as shown in Figure 1. 

 
.

 
Figure 1: Food quality decay versus storage 
time and relevant shelf-life value  
(Source: Nicoli, 2012) 
 

Due to their low water activity, dried food items 
like crackers, chips, biscuits, and breadsticks have 
a long shelf life. However, quality deterioration 
occurs during storage due to moisture uptake or 
the formation of lipid oxidation, which causes loss 
of crispness (Galić et al., 2009; Manzocco et al., 
2020). The first phenomenon could be efficiently 
avoided from a technological standpoint by 
adopting the correct packaging. Regrettably, this 
treatment is also ineffective in preventing oxidative 
responses. As a result, lipid oxidation has emerged 
as a vital contributor to the decline of dry product 
quality. It is also commonly known that oxidative 
reactions produce off-flavors, which cause 
customers to reject the product (Butler, 2018). The 
degree of lipid oxidation is expected to have a 
tremendous implication on the shelf life of dry 
finished products. A decrease in product shelf-life 
results from an increase in the rate of product 
oxidation when the level of oxidation of the lipid in 
food rises (Manzocco et al., 2020).  

 
There are numerous potential indicators for the 

lipid oxidation reaction, and each marker's 
approach for continuous monitoring was compiled 
in Table 2. An oxidation indicator like peroxide 
value or thiobarbituric acid index was used to 
gauge the degree of lipid oxidation in dry food. For 
traditional shelf-life evaluation, a quality indicator 
pertaining to sensory acceptability that can be 
assessed using a quick and simple systematic 
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technique would be more useful. These 
relationships must be found in order to build a basic 
model for estimating shelf life for local crisp 
products. 
 

Sample Indicator Factors affecting 

∆K 

 

Sunflower oil  Liquid fraction of 
oil 

Extra virgin 
olive oil 

Peroxide value Viscosity  
 

Oil-in-water 
emulsion  

 Liquid fraction of 
oil 

 Hexanal in the 
headspace 

Polyphenol 
concentration in 
liquid phase 

  Oxygen 
concentration 

Tomato 
derivatives 

Colour (a* 
value) 

Liquid fraction of 
oil 

  Freeze 
concentration 

Biscuits Peroxide value Oil viscosity 

Bread-sticks Peroxide value Oxygen 
concentration 

  Freeze 
concentration 

  Liquid fraction of 
oil 

  Liquid fraction of 
oil 
 

Table 2: Oxidation reaction indicators and 
possible analytical methodologies (Source: 
Calligaris et al., 2016). 
 
To address these practical issues, Manzocco et al 
(2020) created a model that predicts cracker shelf 
life based on oil peroxide value and rancidity aroma 
parameter.  
 
A zero-order kinetic model was used to determine 
the rate constants (k) that are pertinent to the 
generation of peroxide value and rotten odour 
intensity as an indicator of storage time: 
 
PV = kt + PV0                                                                                  ….Eq 
11 
 
Temperature was found to influence the rate of lipid 
oxidation using the Arrhenius equation. In order to 
improve the prediction of the asserted activation 
energy using the reparametrized Arrhenius 
equation and a reference temperature selected in 
the centre of the temperature range included in the 

theory, a one-step nonlinear regression was run on 
all the data. 
 

𝑙𝑛 𝑘 = 𝑙𝑛 𝑘𝑟𝑒𝑓  −
𝐸𝑎

𝑅
(

1

𝑇
−

1

𝑇𝑟𝑒𝑓
)                      ….Eq 12 

 
R stands for the molar gas constant (8.31 J/K/mol), 
kref stands for the apparent reaction rate at Tref, R 
stands for the apparent reaction rate, T stands for 
the absolute temperature (K), and R is the apparent 
reaction rate (40 oC).K0 was calculated using the 
linear regression analysis results for Ea and kref. 
 
 

𝑘0 = 𝑒

(𝑙𝑛𝑙𝑛 𝑘 
𝑟𝑒𝑓+ 

𝐸𝑎
𝑅𝑇𝑟𝑒𝑓

)

                                  ….Eq 13 
 
 
This formula demonstrated that, in both cases 
examined, the peroxide value might serve as a 
useful chemical indicator for tracking the product's 
sensory deficit, such as rotting stench, while it is 
being stored (Calligaris et al., 2008). Shift in 
peroxide value had a clear correlation with the 
sensory consumer acceptance metric. The 
temperature dependence of peroxide generation 
and the accessibility of the mathematical equation 
between sensory acceptability score and peroxide 
value can be used to develop a quick and easy 
model for estimating the shelf life of snack foods. 
According to Calligaris et al (2007), when 
developing the modified Arrhenius equation, it was 
taken into account how the physical state of oil 
changed. Quantifying the corrective factor, K, 
which was absorbed by the concentration factor 
(C), is first necessary. 
 
In order to obtain the model of the biscuits' 
temperature reliance the following equation was 
taken into account (Calligaris et al., 2007): 
 

(𝑘𝑃𝑉) = (𝑘0𝐶𝑓𝑎𝑡)𝑒−𝐸𝑎/𝑅𝑇                           ….Eq 14 

 
Equation 14 states that using the reparametrized 
equation with Tref equal to 286.5 K on k, the 
regression provided good findings (R2=0.99, p 
<0.001) with frequency factor, k0, and activation 
energy, Ea, equal to 1.04 x 1014 and 85.05 kJ/mol, 
respectively. 
 
The Arrhenius plot's dependent variable (kC-1), the 
temperature's dependency is depicted graphically 
in Figure 2, where it is clearly obvious that ln(kC-1) 
and T(K) are linearly related (Equation 15). 
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𝑙𝑛 (𝑘𝐶−1)  = 𝑙𝑛 𝑘0 −
𝐸𝑎

𝑅𝑇
                             ….Eq 15 

 

Figure 2: Graph on apparent zero-order rate 
constants of peroxide formation expressed as 
ln(kC-1) of product as function of temperature. 
(Source: Calligaris et al., 2007) 
 
The relative concentration of reactants contributing 
to the oxidative reaction in the liquid phase was 
adequately established to be the major factor 
impacting the rate of oxidation in both bulk oils and 
complex meals like biscuits, in addition to 
temperature. 
 
Once a good quality shelf-life indicator has been 
chosen, it is critical to evaluate how this indication 
has evolved over time. This stage, also known as 
a shelf-life test, comprises constant monitoring of 
the quality indicator's changes over the course of 
food storage in a controlled setting (Nicoli, 2012). 
The oxidative reaction takes a long time to 
complete at standard storage temperatures (at 
room temperature). As a result, a shelf-life study for 
snack foods can be conducted in conditions that 
speed up the oxidation process, with the results 
extrapolated to regular storage conditions. 
 
Accelerated shelf life tests 
The principal deteriorative event affecting dried 
product quality is the lipid oxidation reaction that 
occurs during storage. This is due to the fact that 
lipid oxidation transpires slowly at room 
temperature, making it difficult, time-consuming, 
expensive, and inconvenient for commercial 
reasons to determine the shelf life of baked 
products, expensive, and inconvenient for 
industrial purposes. As a result, the most popular 
way for saving time is to use expedited shelf-life 
tests (ASLT). Temperature, light, and moisture are 
some of the variables that could be used in ASLT. 

Temperature is the most important component 
affecting reaction rate; hence it is commonly used 
to speed up the oxidation process. In addition to the 
fact that temperature is one of the primary 
determinants of reaction kinetics in food, this was 
caused by the inability to develop a theoretical 
foundation for the construction of a mathematical 
description of temperature sensitivity of quality 
loss. (Calligaris et al., 2016). Consequently, a 
minimum of three different temperatures are used 
to determine the rate of the quality indicator. The 
well-known Arrhenius equation can be used to 
calculate the reaction rate at a specific temperature 
(Calligaris et al., 2016): 
 

𝑘 = 𝑘0 ∙ 𝑒−
𝐸𝑎
𝑅𝑇 

                                                                             
….Eq 16 

 
As described in Equation 16, the three variables 
are temperature (K), activation energy (J mol-1), 
and so-called preexponential factor (k0). The molar 
gas constant is R. (8.31 J K-1 mol-1). 
 
The impact of temperature on the rate of oxidation 
for total fats and oils, bioactive compounds, and 
complex meals has been calculated accurately 
(Calligaris et al., 2016). Nonlinearity in the 
Arrhenius plot can be seen if phase shifts take 
place in the temperature range examined 
(Calligaris et al., 2007). For instance, if the phase 
transition of water or lipid occurs during the ASLT, 
a corrective factor should be included in Eq 1 to 
consider the influence of the temperature changes 
on oxidation rate: 

𝑘 = 𝑘0 ∙ ∆𝑘 ∙ 𝑒−
𝐸𝑎
𝑅𝑇 

                                                         
….Eq.17 

 
where Δk is an adjustment to account for factors 
other than temperature that have a substantial 
impact on the reaction rate in the food matrix or 
composition. 
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Figure 2: Graph on changes in peroxide value 
of bread sticks stored at different temperatures. 
The dotted lines are the result of the regression 
analysis. (Source: Calligaris et al., 2008) 
 
The bread sticks were kept at various temperatures 
using the ASLT method, which relies on the 
acceleration factor of temperature (20, 30, 37 and 
45 oC), in a study by Calligaris et al., (2008). 
Initially, there were no noticeable changes in the 
peroxide value, but it is clear that the peroxide 
value had been rising slowly. Finally, the peroxide 
value approaches its maximum, signalling that the 
oxidation was almost finished. On a related note, 
the statistics on storage at 20 and 30 oC were 
comparable, even though the temperature rises 
more quickly. In a previous work, Calligaris et al. 
(2007) examined how biscuit peroxide values held 
at temperatures of -18, 20, 30, 37, and 45 oC. It 
should be emphasized that the kinematics of the 
two are marginally different. It is clear that the 
peroxide value increases when being stored, and 
this amplification was more rapid as the 
temperature rose. The temperature reliance on the 
dynamics of some index changes must be noted. 
 
Sensory Analysis for Acceptability Limit 
Recent research on the acceptance thresholds for 
food products indicates that the method typically 
used was sensory analysis using the survival 
analysis. The technique known as "survival time" 
takes censored data into account (Anese et al., 
2006; Calligaris et al., 2007).  
 
Usually, a panel of 30 to 70 people would do the 
review; there would be an equal number of men 
and women, and their ages range from 20 to 45. At 
first, primary screening was done according to the 
basis where they regularly ingest the evaluated 

product. The samples were stored and taken out 
according to their respective period of time. The 
biscuit samples were kept at a specific temperature 
for a total of 130 days, according to Calligaris et al., 
2007. The samples utilized for the sensory tests 
had their peroxide value examined before the 
analysis. Six samples (10 g of biscuits) were given 
to each customer, each representing a different 
random storage period. The samples were given to 
the panelists to sniff before reporting whether they 
were acceptable or undesirable.  
 
There are always two possible responses that the 
panelists can provide in response to the concept of 
censorship at any given storage time (t). The 
sample was considered to be acceptable, 
indicating that it will be ignored after time t, hence 
the data are suitably censored because of (a). As 
a result of (b) the sample's perceived 
satisfactoriness, which suggested that the 
panelists would start rejecting the product before 
time t, the results were hidden. Consumers were 
asked to rate breadsticks, and the sensory 
consumers used the same technique to gauge their 
acceptability of the product (Calligaris et al., 2008).  
 
According to a study by Manzocco et al. (2020), the 
quantitative descriptive analysis of the sensory 
data that was conducted. Wherein 75 ml plastic 
canisters with a pressure cover, a three-digit code, 
and 5 g of crackers were placed inside. It was 
evaluated by a panel of 30 people, evenly split 
between men and women aged (20 to 50). The 
panellists were given the duty of sniffing both the 
samples and the control preparations (differently 
aged). On a seven-point scale, the intensity of the 
rotten smell of the coded samples was assessed. 
The requirement for the panellists is based on the 
condition that they typically consume the selected 
samples, which is a similarity between the two 
studies. 
 
Shelf life prediction model 
Several studies have employed shelf-life prediction 
algorithms to routinely assess the food products' 
shelf lives. The following data was used to create 
the bread stick shelf life prediction model in a study 
by Calligaris et al., (2008): 
 

𝑆𝐿 =  
𝑃𝑉𝑚𝑎𝑥 − 𝑃𝑉0

4𝑘𝑚𝑎𝑥

𝑙𝑛 𝑙𝑛 (
𝑃𝑉𝑚𝑎𝑥 − 𝑃𝑉𝑙𝑖𝑚

𝑃𝑉𝑙𝑖𝑚 − 𝑃𝑉0

)  + 𝜆

+ 2(
𝑃𝑉𝑚𝑎𝑥 − 𝑃𝑉0

4𝑘𝑚𝑎𝑥

) 
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𝑃𝑉𝑚𝑎𝑥 = 86.7. 𝑒
−1010(

1
𝑇

−−
1

𝑇𝑟𝑒𝑓
)
 

𝜆 = (69.5 . 𝑒
2154(

1
𝑇

−
1

𝑇𝑟𝑒𝑓
)
) / 𝐶 

𝑘𝑚𝑎𝑥 = (1.9 . 𝑒
−3191(

1
𝑇

−
1

𝑇𝑟𝑒𝑓
)
) . 𝐶 

 
 
In accordance with industry standards, where shelf 
life was denoted by the abbreviation SL and 
expressed in days, PVlim was developed as the 
peroxide value that corresponds to the sensory 
acceptability limit for bread sticks. The peroxide 
value at the start of storage is PV0, and the 
oxidation kinetic parameters PVmax, kmax, and are 
those that characterise it at the selected 
temperature. These factors can be extrapolated to 
the target temperature. When breadsticks were 
stored in temperature-controlled conditions 
between 20 and 45 °C, the model was frequently 
employed to estimate their shelf life. 

 
CONCLUSION 
Oxidative rancidity is known to be one of the 
fundamental factors of quality deterioration in food 
especially fried or dried foods where it causes the 
food to release rancid odor. This causes 
consumers to be unable to consume the food 
product. For dried goods containing fat, oxidative 
rancidity can be employed to estimate shelf life 
depending on consumer acceptance level. The 
accelerated shelf-life test (ASLT), which is simple, 
quick, and inexpensive, has been shown to be a 
successful way to identify the oxidation indicator 
(i.e. peroxide value). In addition, the sensory 
acceptance limit or score from the sensory analysis 
can be well correlated with the oxidation indicator. 
Therefore, it is possible to use the readily available 
mathematical relationship between the sensory 
acceptance score and the oxidation quality 
indicator to construct a useful model that will 
enable food manufacturers to quickly and easily 
determine the shelf life of dried products. 
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