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HOW DOES AN INDUSTRY CONTROL A DECISION SUPPORT SYSTEM FOR
A LONG TIME?

Mrudul Y. Jani1 , Urmila Chaudhari2 and Biswajit Sarkar3,4*
Abstract. The inventory system has been affected by many characteristics, among which deterioration of a food product is a critical issue. Chilled foods deteriorate during storage time, and their quality
reduces over time. Indian Spiced Pulled Pork Sandwiches are very observable customer goods in India
that are, in fact, unpreserved. If chilled foods’ original value reduces over time, consumers are not much
likely to buy them. The retail price of chilled food maintained is strictly dependent on its quality. From
the vendor’s approach, measuring quality and leftover value should be a severe commercial issue. The
model aims to study deterioration together with the quality prediction of Indian Spiced Pulled Pork
Sandwiches. This model measures food quality and leftover value. Deterioration rate is considered as
a function of two-parameter Weibull distribution, suitable for bacterial inactivation, microbial growth,
enzymes, nutrients, and pigments dreadful environments under a non-isothermal atmosphere. The dynamic structure of demand has its importance in business. The price-storage time of product-dependent
demand rate is debated in this model as demand rarely remains constant. The objective is to maximize
the vendor’s total profit concerning storage time and the product’s selling price. A numerical example supports the model. Sensitivity analysis is carried out to derive insights for decision-makers. The
graphical result, in three dimensions, is exhibited with a supervisory decision.

Mathematics Subject Classification. 90B05.
Received June 20, 2020. Accepted April 17, 2021.

1. Introduction
Preservation of the quality and inventories of chilled foods are significant issues in food industries. Mainly, as
the chain’s variation temperature is dynamic, temperature observing during the selling is a common observation
and critical effort. Conversely, Grievink et al. [7] recognized that seasonality in material fabrication requires airconditioned shipping, and storage is challenging. Although increasing numbers of researchers have deliberated
temperature observation in food industries, very little attention has been specified, especially to ready-to-eat
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chilled food. Chilled food becomes a part of real-life these days [5]. Herbon et al. [8] directed that chilled food’s
quality maintenance is an important task to boost the food industries’ business. Furthermore, the consequences
of deterioration, demand, and price of chilled food products cannot be ignored in inventory organizations. Thus,
the main aim is to develop a model to optimize the storage time and storage temperature of ready-to-eat chilled
food for maximum profit. The study of the literature to recognize presently ignored research aspects is as follows.

1.1. Literature review on quadratic demand
Most of the articles in the past were discussed for constant demand. Inversely, demand rarely remains constant
for the infinite horizon. Shah et al. [27] formulated an inventory model with permissible delay in payment
and buyback policy for price-sensitive quadratic demand. Shah et al. [29] offered the model on the impact of
future price increase on ordering policies under the effect of quadratic demand. Shah and Jani [26] studied
an economic order quantity (EOQ) model under order-size-dependent trade credit for price-sensitive quadratic
demand. Mukherjee and Mahata [15] discussed an optimal replenishment and credit policy in an inventory model
under two-levels of trade credit policy when demand depends on both time and credit period involving default
risk. Dey et al. [4] determined an integrated inventory model with price-sensitive demand. Shaikh et al. [32]
invented a two-warehouse inventory model with interval-valued inventory costs and stock-dependent demand
under inflationary conditions. In recent times, Sarkar et al. [21] offered an optimal replenishment decision for
retailers with variable demand under a trade-credit policy. Shah et al. [30] discussed integrating credit and
replenishment policies under quadratic demand in a three-echelon supply chain. Khan et al. [12] investigated
the effect of advance payment with the discount facility on supply decisions whose demand is both price and
stock-dependent.

1.2. Literature review on deterioration
Deterioration of items like volatile liquids, fruits, vegetables, beverages, medicine, blood in the form of natural
decay or damage, on-going physical decay over time, or obsolescence is a natural occurrence. It has a substantial
effect on the player’s inventory policies. Taleizadeh and Nematollahi [34] evaluated an inventory control problem
for perishable items with financial deliberations and back-ordering. Rabbani et al. [18] founded the model for
non-instantaneous stock-dependent deterioration of the supply chain. Shah et al. [28] discussed an optimal downstream permissible delay in payment and cycle time for deteriorating inventory in a supply chain. Shah and
Chaudhari [24] studied optimal strategies for three players with fixed lifetime and two-level credit limit for time
and credit-dependent demand. Furthermore, Zhang et al. [38] established an integrated model for perishable
items with a cooperative investment contract and revenue sharing. Sarkar et al. [20] estimated flexible setup
costs and deterioration of products in a supply chain model. Shah and Jani [25] determined an inventory
model for deteriorating fixed lifetime with quadratic demand and up and downstream credit limits. Rabbani
et al. [19] studied optimal joint inventory, dynamic pricing, and advertisement policies for non-instantaneous
deteriorating items. Mahapatra et al. [14] developed a fuzzy EOQ model of deteriorating items with promotional
effort and learning fuzziness with a finite time horizon. Iqbal and Sarkar [9] established the recycling of lifetimedependent deteriorated items through different supply chains. Jemai et al. [11] offered a sustainable approach
to environmental effect for a complex green supply chain management to control waste. Saxena et al. [23]
investigated a selection of remanufacturing/production cycles with an alternative market perspective on waste
management. Mukhopadyay et al. [16] debated pricing and lot-sizing dependent model with a time relative and
two-parameter Weibull distribution deterioration rate. Shaikh et al. [31] considered an inventory model for a
three-parameter Weibull distribution. Recently, Sarkar et al. [22] studied the combined effects of carbon emission
and production quality improvement for fixed lifetime products in sustainable supply chain management.

1.3. Literature review on chilled food
Food items are very communal customer goods in day-to-day life. Several families have switched family meals
with chilled food, as chilled food is more suitable than family meals. Fang et al. [5] studied the Microbiological
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Table 1. Contributions of different authors.
Authors

Deterioration

Demand

Predictive quality model

Qin et al. [17]

Two-parameter
Weibull distribution
Fixed lifetime
Temperaturedependent
Constant
Three-parameter
Weibull distribution
Time-varying

Stock quality and selling
price dependent
Time and credit dependent
Price dependent

NA

Shah and Chaudhari [24]
Yang and Tseng [37]
Shah et al. [29]
Shaikh et al. [31]
Sarkar et al. [21]
Sarkar et al. [22]
This paper

Time-varying
Two-parameter
Weibull distribution

Quadratic
Frequency of advertisement
and selling price dependent
Selling price-credit period
dependent
Constant
Price and storage
time-dependent quadratic
demand

NA
Gompertz model
NA
NA
NA
NA
Gompertz model

Notes. NA indicates not available.

quality of 18 ∘ C ready-to-eat food items sold in Taiwan. Chilled food has been integrated into numerous inventory
models together with deterioration rate [10, 37]. Chilled food is, therefore, the most suitable perishable item for
inclusion in the inventory policy. Herbon et al. [8] applied time-temperature indicators (TTI) to observe the
trajectory of the quality of deteriorated items. They appealed that the retail price of deteriorated items and their
leftover value had much to do with their quality, affecting the vendor to pay attention to maintain quality. It is
therefore of interest to be able to quantify the quality of food and its remaining value. Qin et al. [17] expressed
the selling price and lot-sizing dependent model for food items where the value and quantity deteriorated at the
same time. They specified that temperature plays a keen role in the deterioration rate. Thus, the deterioration
rate should fluctuate with temperature when taking chilled food as the study object.

1.4. Literature review on predictive quality model
Noticing the growth of microorganisms is an extremely reliable methodology to define food quality and food
safety. If microorganisms’ abundance goes beyond the standard value, the food can be demonstrated as uneatable [1]. Gibson et al. [6] analyzed the Gompertz model to construct an analytical model of microorganisms.
Whiting and Buchanan [36] specified that the Gompertz model thoroughly fitted the growth curve of microorganisms. Linton et al. [13] recognized the modified Gompertz model’s nonlinear existence curve for Listeria
monocytogenes. Chowdhury et al. [3] projected the growth of Pediococcus acidilactici by applying the Gompertz model and the logistic model. Moreover, they linked the predictive ability of these two prototypes. They
observed the Gompertz model as a proper model for calculating food quality. Wang et al. [35] presented an
application of a predictive growth model of Pseudomonas spp. for estimating the shelf life of fresh Agaricus
bisporus. Recently, Stavropoulou and Bezirtzoglou [33] studied the predictive modeling of microbial behavior in
food (Table 1).
With the comparison of existing literature work, a predictive quality Gompertz model of Indian Spiced Pulled
Pork Sandwiches (chilled food) is established in this article under price and storage time-dependent quadratic
demand. This predictive model defines the growth level of Pseudomonas species with storage time and storage
temperature. Moreover, obtaining specific data from some industries and laboratories is a very crucial task.
Furthermore, statistical methods to evaluate deterioration rate are again costly job as a researcher requires
some statistics based software for data analysis. Instead of considering traditional data analysis techniques for
measuring deterioration rate, a function of two-parameter Weibull distribution is used as a deterioration rate,
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which is more appropriate to describe microbial inactivation, microbial growth, and pigments, nutrients, and
enzymes dreadful conditions under non-isothermal environment [17].
The remaining part of the paper is organized as follows. Section 2 is the notation and assumptions used for
the development of the proposed problem. Derivation of the mathematical model is in Section 3. The numerical
study is described in Section 4. The sensitivity analysis of critical parameters is carried out in Section 5. Finally,
Section 6 includes the conclusions of the study and its future scopes.

2. Notation and assumptions
The proposed inventory problem is based on the following notation and assumptions.

2.1. Notation
𝐴
𝐶
ℎ
𝑝
𝑈
𝐾
𝑇
𝑄
𝑁0
𝐺
𝑁 (𝑡)
𝜒 (𝑡)
𝐼(𝑡)
𝜋 (𝑝, 𝑇 )

ordering cost per order ($/order)
purchasing cost per unit ($/unit)
holding cost per unit item per unit time ($/unit/unit time)
selling price per unit ($/unit) (decision variable), 𝑝 > 𝐶
the storage temperature of an item (∘ C)
time at which maximum growth rate of Pseudomonas species occurs (hours)
storage time (hours) (decision variable)
inventory level at the time 𝑡 = 0 (units)
an initial count of bacteria in food (log CFU/g)
bacterial growth count in food (log CFU/g)
end bacterial count of food at a time 𝑡 (log CFU/g), 0 ≤ 𝑡 ≤ 𝑇
remaining ratio of the value after deterioration per unit item
inventory level at a time 𝑡 (units), 0 ≤ 𝑡 ≤ 𝑇
total profit per cycle ($/cycle)

2.2. Assumptions
(1) The inventory system deals with a single item. Indian spiced pulled pork sandwich (ready-to-eat chilled
food) is considered as a research product in this model.
(2) Pseudomonas species are the detected microorganisms on Indian spiced pulled pork sandwiches. Due to
the growth of these species, the product deteriorates. The time at which the maximum growth rate of
Pseudomonas species occurs in Indian spiced pulled pork sandwiches is the function of temperature 𝑈 , i.e.
𝐾 = 96.332 𝑒−0.127𝑈 . After this time limit, the product will become uneatable. Nearly all the meat products
will be uneatable if Pseudomonas species exceed the limit 7 log CFU/g. That means the product entirely
deteriorates.
(𝑡)
(3) Set 𝜒 (𝑡) = 7−𝑁
; 0 < 𝜒 (𝑡) < 1, then
7
(︀ the value)︀ of 𝜒 (𝑡) will reduce if 𝑁 (𝑡) increases.
(4) The demand rate, 𝑅 (𝑝, 𝑡) = 𝑎𝑝−𝜂 1 + 𝑏𝑡 − 𝑐𝑡2 is a function of storage time 𝑡 and selling price 𝑝; where
𝑎 > 0 is scaling parameter, 0 ≤ 𝑏 < 1 denotes the linear rate of change of demand with respect to time,
0 ≤ 𝑐 < 1 denotes the quadratic rate of change of demand, and 𝜂 > 1 is marked up for selling price, (Shah
and Jani [26]). Demand is depending upon selling price and storage time.
(5) The instantaneous deterioration rate of Indian spiced pulled pork sandwiches is a function of temperature,
i.e. 𝜃 (𝑈 ) = 𝛼 𝛽 𝑈 𝛽−1 ; 𝛼 > 0, 𝛽 > 1, which is a two-parameter Weibull distribution, Mukhopadyay et al. [16].
Weibull distribution is more suitable for microbial growth and bacterial inactivation under a non-isothermal
atmosphere. The planning horizon is infinite, which will facilitate a long-time agreement. Lead time is
considered negligible. Shortages are not allowed.

3. Mathematical model
In this model, one cycle is analyzed. The cycle starts with the selling of Indian spiced pulled pork sandwiches
to the customers in the given time interval [0, 𝑇 ]. In this time interval, the rate of change of inventory is
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negatively proportional to the selling price-storage time-dependent demand rate and temperature-dependent
deterioration rate that is regulated as follows:
d𝐼 (𝑡)
= −𝑅 (𝑝, 𝑡) − 𝜃 (𝑈 ) 𝐼 (𝑡) ,
d𝑡

0 ≤ 𝑡 ≤ 𝑇,

with the boundary condition 𝐼 (𝑇 ) = 0. (It is assumed that at a time 𝑡 = 𝑇 , an inventory level is zero.)
The level of stock of sandwiches at any time 𝑡 is given by
(︁
)︁
𝐼 (𝑡) = 𝐸1 𝐸2 + 𝐸3 𝑡 + 𝐸4 𝑡2 − 𝑒𝜃(𝑈 )(𝑇 −𝑡) 𝐸5 , 0 ≤ 𝑡 ≤ 𝑇

(3.1)

where 𝐸1 , 𝐸2 , 𝐸3 , 𝐸4 , and 𝐸5 are described in Appendix A.
When storage
time is zero,
(︀
)︀ the stock level of sandwiches by considering 𝑡 = 0 in equation (3.1) is represented
by 𝑄 = 𝐸1 𝐸2 − 𝑒𝜃(𝑈 )𝑇 𝐸5 .
With the help of a derivation of the total profit, the mathematical expressions of ordering cost, holding cost,
and purchasing cost are calculated as follows:
– Ordering cost.
This cost is associated with dispensation and chasing of the procurement of order, quality inspection, and
transportation. This cost is considered as a fixed cost in this study. Ordering cost is described by OC = 𝐴
𝑇.
– Holding cost.
This cost is associated with holding or carrying the merchandise in stock. Rent, taxes, the interest of invested
(︁∫︀ money,)︁depreciation, and insurance are included in holding costs. Holding cost is defined by HC =
𝑇
ℎ
𝐼 (𝑡) d𝑡 .
𝑇
0
– Purchasing cost.
It is the cost of purchasing a unit of item. It is considered as constant. It is defined by PC = 𝐶𝑄
𝑇 .
In connection with the product’s sales is concerned, the Gompertz model is applied as the primary model to
define Pseudomonas species’ growth with time Gibson et al. [6]. Gompertz model is defined by
𝑁 (𝑡) = 𝑁0 + 𝐺𝑒−𝑒

−𝜃(𝑈 )(𝑡−𝐾)

,

𝜒 (𝑡) =

7 − 𝑁 (𝑡)
;
7

0 < 𝜒 (𝑡) < 1.

– Sales revenue.
The amount generated by the (︁selling of every unit
)︁ is referred to as sales revenue, and it is defined by
∫︀ 𝑇
𝑝
SR = 𝜓 (𝑝, 𝑇 ), where 𝜓 (𝑝, 𝑇 ) = 𝑇 0 𝑅 (𝑝, 𝑡) 𝜒 (𝑡) d𝑡 .
As a result, the total profit per cycle is
𝜋 (𝑝, 𝑇 ) = SR − OC − HC − PC.

(3.2)

3.1. Solution methodology
The total profit function 𝜋 (𝑝, 𝑇 ) is a continuous function of the selling price 𝑝 and the storage time 𝑇 . The
first order derivative of the profit function with respect to 𝑝 is as follows:
)
If 𝜕𝜋(𝑝,𝑇
= 0, then 𝑝 is called optimal selling price, and it is denoted by 𝑝* .
𝜕𝑝
It can be evaluated as
(︂
)︂
𝜕𝜋 (𝑝, 𝑇 )
𝜕𝜓 (𝑝, 𝑇 ) 𝑎𝑝−𝜂−1 𝜂 2𝐸4 𝑇 3 ℎ𝜃 + 3𝐸3 𝑇 2 ℎ𝜃 − 6𝐶𝐸5 𝑒𝜃𝑇 𝜃
=
−
.
(3.3)
+6𝐸2 ℎ𝑇 𝜃 + 6𝐶𝐸2 𝜃 − 6𝐸5 𝑒𝜃𝑇 ℎ + 6𝐸5 ℎ
𝜕𝑝
𝜕𝑝
6𝜃𝑇
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By taking

𝜕𝜋(𝑝,𝑇 )
𝜕𝑝

= 0, the optimal selling price can be obtained as
(︀ (︀
)︀
)︀
7𝜂 𝐶 𝐸2 − 𝑒𝜃(𝑈 )𝑇 𝐸5 + ℎ𝐸7
𝑝 =
·
𝐸6 (1 − 𝜂)
*

)
= 0, then 𝑇 is called optimal storage time and it is denoted by 𝑇 *.
If 𝜕𝜋(𝑝,𝑇
𝜕𝑇
This can be evaluated as follows:
⎞
⎛
6𝐶𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 3 𝜃2 + 6𝐶𝐸1 𝐸3 𝑒𝜃𝑇 𝑇 2 𝜃2
⎜ +6𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 3 𝜃ℎ + 6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 𝜃2 ⎟
⎟
⎜
⎜ +6𝐶𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 2 𝜃 + 6𝐸1 𝐸3 𝑒𝜃𝑇 𝑇 2 𝜃ℎ ⎟
⎟
⎜
𝜕𝜋 (𝑝, 𝑇 )
𝜕𝜓 (𝑝, 𝑇 )
1 ⎜ −4𝐸1 𝐸4 𝑇 3 𝜃ℎ + 6𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 ℎ𝜃
⎟
=
−
⎟
⎜
⎟
𝜕𝑇
𝜕𝑇
6𝜃𝑇 2 ⎜ −3𝐸1 𝐸3 𝑇 2 𝜃ℎ + 6𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 2 ℎ
⎟
⎜
⎟
⎜ −6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝜃 − 6𝐸1 𝐸4 𝑇 2 ℎ
⎠
⎝
+6𝐶𝐸1 𝐸2 𝜃 − 6𝐸1 𝐸2 𝑒𝜃𝑇 ℎ + 6𝐸1 𝐸2 ℎ
+6𝐴𝜃

By taking

𝜕𝜋(𝑝,𝑇 )
𝜕𝑇

⎛
⎜
⎜ −2
⎜ 3
⎜
*
𝑇 =⎜
⎜
⎜
⎝

(︂

(3.4)

= 0, the optimal storage time can be obtained as follows,

⎞
)︀ 1
(︀
144𝐹12 𝐹2 𝐹5 𝑐2 𝜃2 + 72𝐹1 𝐹2 𝐹3 𝐹5 𝐹6 𝑐𝜃2 3
)︂
3𝐶𝐸1 𝐸2 𝐹2 𝐹5 𝜃2 + 4𝐸1 𝐸2 𝐹1 𝑐ℎ𝜃2 + 2𝐸1 𝐸2 𝐹3 𝐹6 ℎ𝜃2 − 3𝐸1 𝐸3 𝐹2 𝐹5 ℎ𝜃2 − 3𝐹1 𝐹2 𝐹5 𝑐𝜃2 − 2𝐹1 𝐹3 𝐹6 𝑏𝜃2 ⎟
⎟
⎟
−4𝐹12 𝑐2 𝜃 + 3𝐹1 𝐹2 𝑏𝜃 − 3𝐹1 𝐹2 𝐹5 𝜃2 − 4𝐹1 𝐹3 𝐹6 𝑐𝜃 − 𝐹32 𝐹62 𝜃 + 6𝐹1 𝐹2 𝐹5 𝑐
⎟
⎟
1
2
⎟
𝐹2 𝐹5 (144𝐹1 𝐹2 𝐹5 𝑐2 𝜃 2 +72𝐹1 𝐹2 𝐹3 𝐹5 𝐹6 𝑐𝜃 2 ) 3
⎟
⎠
1
6𝐹2 𝐹5 𝜃

2

1𝜃
+ 𝐸1 𝐸2 ℎ𝜃−𝐹1 𝑏𝜃+𝐹
3𝐹2 𝐹5

−2𝐹1 𝑐−𝐹3 𝐹6

(3.5)
The total profit function’s concavity is obtained by the Hessian matrix (Appendix B).
⎤
⎡ 2
2
𝐻 (𝑝, 𝑇 ) = ⎣

𝜕 𝜋(𝑝,𝑇 )
𝜕𝑇 2
𝜕 2 𝜋(𝑝,𝑇 )
𝜕𝑇 𝜕𝑝

𝜕 𝜋(𝑝,𝑇 )
𝜕𝑝𝜕𝑇
𝜕 2 𝜋(𝑝,𝑇 )
𝜕𝑝2

⎦.

Now, according to Cárdenas-Barrón and Sana [2], if the Hessian matrix’s eigenvalues at the solution (𝑝, 𝑇 ) are
all negative, then the total profit function 𝜋 (𝑝, 𝑇 ) is maximum at that solution. So, adopting this concept to
check the optimality, Eigenvalues (𝜆1 and 𝜆2 ) of the above Hessian matrix are evaluated.
An endorsement of the proposed model will be established using the following numerical example.

4. Numerical example
By taking data some important parameters from Yang and Tseng [37] as, 𝑎 = 10, 000 units, 𝑏 = 2%, 𝑐 = 8%,
𝜂 = 1.2, 𝐶 = $10 per unit, 𝐴 = $100 per order, ℎ = 1 per unit time, 𝑁0 = 3.13 log CFU/g, 𝐺 = 6.87 log CFU/g,
𝛼 = 0.1, 𝛽 = 1.1 and by considering different values of 𝑈 and 𝑇 , the value of 𝑝* and 𝜋 * (𝑝, 𝑇 ) can be exhibited
as in Table 2.

4.1. Sensitivity analysis
Table 2 shows that the selling price of a product increases with the rise of storage time and storage temperature
to invigorate the total profit. Moreover, one can observe the effect of storage temperature and storage time on
the optimal profit. Table 2 is analyzed using Maple 18 software that when the storage temperature is 1 ∘ C the
optimal values of total profit, selling price, and storage time are $1654.60, $114.72, and 1 hour.
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Table 2. Optimal solutions.
𝑈 (∘ C)
∘

1 C
6 ∘C
11 ∘ C
16 ∘ C
21 ∘ C

Decision variables
Total profit
*

𝑝 ($/unit)
𝜋 * (𝑝, 𝑇 ) ($/cycle)
𝑝* ($/unit)
𝜋 * (𝑝, 𝑇 ) ($/cycle)
𝑝* ($/unit)
𝜋 * (𝑝, 𝑇 ) ($/cycle)
𝑝* ($/unit)
𝜋 * (𝑝, 𝑇 ) ($/cycle)
𝑝* ($/unit)
𝜋 * (𝑝, 𝑇 ) ($/cycle)

𝑇 (hour)
2.00

0.25

0.50

1.00

110.05
1,400.73
110.54
1,396.01
113.15
1,348.32
123.69
1,172.06
146.53
883.50

111.60
1,591.23
112.40
1,585.50
115.22
1,536.89
126.26
1,358.27
150.25
1,066.06

114.72
1,654.60
116.19
1,646.96
119.44
1,597.02
131.55
1,415.49
157.99
1,118.94

120.82
1,562.89
123.66
1,552.29
127.85
1,502.20
142.20
1,323.43
174.03
1,032.12

3.00

4.00

125.76
1,350.63
129.80
1,339.10
134.80
1,293.20
151.16
1,131.42
187.99
868.28

126.60
1,048.04
130.85
1,038.79
135.99
1,002.82
152.71
876.27
190.45
670.50

Notes. Bold values represent optimum values.

Figure 1. Optimal total profit under different storage temperature and storage time.
The following Figure 1 shows an effect of the quadratic demand of storage time on optimal profit. It is
shown that initially, the demand for Indian spiced pulled pork sandwiches increases for the storage period from
0.25 hours to 1 hour. At a storage time of 1 hour, the demand for the product is maximum; however, when the
storage time exceeds the limit of 1 hour, the demand starts to decrease.
Substituting optimal values of selling price and storage time in the Hessian matrix 𝐻 (𝑝, 𝑇 ),
[︂
]︂
−293.33460 0.2003346
𝐻 (𝑝, 𝑇 ) =
.
0.2003346
−0.31997503
Here, both the eigenvalues 𝜆1 = −0.318 and 𝜆2 = −293.334 are negative. So, the total profit function 𝜋 (𝑝, 𝑇 )
is maximum.
The maximization of the total profit is shown graphically for the obtained results in Figure 2.
For different inventory parameters, the sensitivity analysis of numerical example is carried out in Table 3 by
changing one variable at a time as −20%, −10%, 10%, and 20%.
From Table 3, it can be seen that scale demand has a substantial favorable impact on total profit. It is
pronounced that if the product’s scaling parameter of demand is more, then the total profit is more. Moreover,
it is observed that the initial count of bacteria in food and purchase cost per unit have enormous positive impact
on selling price and a negative impact on total profit. This behavior is when the product’s selling price starts to
increase, and then the total profit starts to decrease. Furthermore, when the mark-up of selling price decreases,
selling price decreases rapidly, and because of that the total profit decreases hugely.
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Figure 2. Concavity of total profit 𝜋 (𝑝, 𝑇 ) versus storage temperature 𝑈 and storage time 𝑇 .
Table 3. Sensitivity analysis.
Inventory parameters
𝑎
𝑁0
𝐶
𝜂

Decision variables (in $)
*

𝑝
𝜋 * (𝑝, 𝑇 )
𝑝*
𝜋 * (𝑝, 𝑇 )
𝑝*
𝜋 * (𝑝, 𝑇 )
𝑝*
𝜋 * (𝑝, 𝑇 )

−20%

−10%

Changes
0%

10%

20%

114.72
1,303.68
98.75
2,000.49
91.79
1,734.64
–
–

114.72
1,479.14
106.13
1,826.25
103.25
1,691.95
258.12
3,127.88

114.72
1,654.60
114.72
1,654.60
114.72
1,654.60
114.72
1,654.60

114.72
1,830.06
124.81
1,485.71
126.19
1,621.49
78.87
917.89

114.72
2,005.52
136.86
1,319.76
137.65
1,591.80
62.57
511.66

5. Managerial insights
This article proposes food items whose quality reduces the most over time. Tracking the quality of deteriorating items such as chemicals, food items, or medicines is necessary to notice their remaining value. The industry
manager can concentrate on the reduction of the deterioration by controlling the temperature or other factors.
The cycle length is the most sensitive issue for the managers as the increasing value of these products’ holding
may increase deterioration. The industry manager can think over the storage place with more cooling such that
those foods can be stored for a long time without deterioration. Concentrating on excessive cold-storage may
increase the selling price of the product. Thus, the optimum selling price is another most sensitive part of the
management sector.

6. Conclusions
This article considered the deteriorating inventory model as deterioration is a critical issue of inventory
policy. Chilled foods deteriorated during the storage time, and foods’ quality reduce or even be lost. It was
remarkable to identify how to quantize quality and remaining value. Therefore, the predictive quality model
was applied to define quality and leftover value. This model proposed that Indian spiced pulled pork sandwiches
as a research item. The Gompertz model was used, which closely fits the growth curve of microorganisms on food
products to control the quality of Indian spiced pulled pork sandwiches once deterioration has started. As a final
point, an example was demonstrated to explain the proposed model with different storage times and storage
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temperatures. It could support to measure the whole system profit under different storage times and storage
temperature. It was found that the profit can be maximized if the deterioration can be appropriately controlled.
The optimum selling price gave a significant profit under the optimum controlling of the temperature for reducing
the deterioration rate. The model discovered that higher storage temperatures and storage times beyond the
limit reduce profit and shorten the replenishment cycle. It is expected that this work will inspire future works
in this area. Further study will be expanded on more real-world complications. In the entire lifespan, storage
temperature will be affected by an electrically powered system, refrigeration equipment, refrigeration method,
and similar factors. In other words, temperature variability during storage is standard. Time-dependent demand
plays a keen role in the vendor’s profit. One can apply the fuzzy theory to pretend temperature instability. This
model can be further extended by considering the temperature-dependent deterioration with the preservation
technology, where the demand must be selling price-dependent. Though the advanced payment is an effective
strategy for profit, the advanced profit and partial payment combination may be better than only considering
advanced payment. That would be an excellent idea to extend this model again.

Appendix A.
The values of 𝐸’s are as follows:
𝐸1 = −𝑎𝑝−𝜂 ;
1
𝑏
2𝑐
𝐸2 =
− 2
− 3
;
𝜃 (𝑈 ) 𝜃 (𝑈 ) 𝜃 (𝑈 )
𝑏
2𝑐
𝐸3 =
+
;
𝜃 (𝑈 ) 𝜃 2 (𝑈 )
−𝑐
𝐸4 =
;
𝜃 (𝑈 )
𝐸5 = 𝐸2 + 𝐸3 𝑇 + 𝐸4 𝑇 2 ;
)︁
⎛
(︁
3
2
(7 − 𝑁0 ) 𝑇 + 𝑏𝑇2 − 𝑐𝑇3
𝐸6 = ⎝ 𝜃(𝑈 )(𝑇 −𝐾)−1 (︁
𝐺
+𝑒
−1 − 𝑏𝑇 +
𝜃(𝑈 )

⎞

(︁
+ 𝑐 𝑇2 −
)︁
𝐸5 (︁
𝑇2
𝑇3
𝐸7 = 𝐸2 𝑇 + 𝐸3
+ 𝐸4
+
1 − 𝑒𝜃(𝑈 )𝑇 ;
2
3
𝜃 (𝑈 )
(︂
)︂
−𝜃(𝑈 )𝐾−1
𝑏
2𝑐
𝑒
𝐺
1−
− 2
.
𝐸8 =
𝜃 (𝑈 )
𝜃 (𝑈 ) 𝜃 (𝑈 )
𝑏
𝜃(𝑈 )

The Values of 𝐹 are as follows:
𝐹1 =

𝑝𝑎𝐺𝑒−1 𝑇 2
7𝑝𝜂 𝑒𝜃𝑀 𝜃𝑒𝜃𝑇

𝐹2 =

2𝑝𝑎𝑐
3𝑇 𝑝𝜂

𝐹3 =

𝑝𝑎𝑏
2𝑝𝜂

𝐹4 =

𝑝𝑎𝑇 2 𝐺𝑒−1
𝑝𝜂 𝜃𝑒𝜃𝑀

2𝑇
𝜃(𝑈 )

+

2
𝜃 2 (𝑈 )

)︁)︁

+ 𝐸8

⎠;
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(︂
𝐹5 = −𝐹6 =

𝐴0
−1
7

)︂

(︂
)︂
𝐴0
𝐹6 = 1 −
7
(︂
)︂
𝑏
2𝑐
𝐹7 = −1 + 2 +
𝜃
𝜃

Appendix B. Hessian matrix
To prove the concavity condition of total profit 𝜋 (𝑝, 𝑇 ), we evaluate the Hessian matrix as follows:
𝜕𝜓 (𝑝, 𝑇 ) 𝑎𝑝−𝜂−1 𝜂
𝜕𝜋 (𝑝, 𝑇 )
=
−
𝜕𝑝
𝜕𝑝
6𝜃𝑇

(︂

)︂
2𝐸4 𝑇 3 ℎ𝜃 + 3𝐸3 𝑇 2 ℎ𝜃 − 6𝐶𝐸5 𝑒𝜃𝑇 𝜃
(B.1)
+6𝐸2 ℎ𝑇 𝜃 + 6𝐶𝐸2 𝜃 − 6𝐸5 𝑒𝜃𝑇 ℎ + 6𝐸5 ℎ
(︂
)︂
𝜕 2 𝜋 (𝑝, 𝑇 )
𝜕 2 𝜓 (𝑝, 𝑇 ) 𝑎𝑝−𝜂−2 (𝜂 + 1) 𝜂 2𝐸4 𝑇 3 ℎ𝜃 + 3𝐸3 𝑇 2 ℎ𝜃 − 6𝐶𝐸5 𝑒𝜃𝑇 𝜃
=
−
(B.2)
+6𝐸2 ℎ𝑇 𝜃 + 6𝐶𝐸2 𝜃 − 6𝐸5 𝑒𝜃𝑇 ℎ + 6𝐸5 ℎ
𝜕𝑝2
𝜕𝑝2
6𝜃𝑇
⎞
6𝐶𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 3 𝜃2 + 6𝐶𝐸1 𝐸3 𝑒𝜃𝑇 𝑇 2 𝜃2
⎜ +6𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 3 𝜃ℎ + 6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 𝜃2 ⎟
⎟
⎜
⎜ +6𝐶𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 2 𝜃 + 6𝐸1 𝐸3 𝑒𝜃𝑇 𝑇 2 𝜃ℎ ⎟
⎟
⎜
𝜕𝜓 (𝑝, 𝑇 )
1 ⎜ −4𝐸1 𝐸4 𝑇 3 𝜃ℎ + 6𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 ℎ𝜃
𝜕𝜋 (𝑝, 𝑇 )
⎟
=
−
⎟
⎜
⎟
𝜕𝑇
𝜕𝑇
6𝜃𝑇 2 ⎜ −3𝐸1 𝐸3 𝑇 2 𝜃ℎ + 6𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 2 ℎ
⎟
⎜
⎟
⎜ −6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝜃 − 6𝐸1 𝐸4 𝑇 2 ℎ
⎠
⎝
+6𝐶𝐸1 𝐸2 𝜃 − 6𝐸1 𝐸2 𝑒𝜃𝑇 ℎ + 6𝐸1 𝐸2 ℎ
+6𝐴𝜃
⎛
⎞
−3𝐶𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 4 𝜃3 − 3𝐶𝐸1 𝐸3 𝑒𝜃𝑇 𝑇 3 𝜃3
⎜ −3𝐸1 𝐸4 𝑒𝜃𝑇 𝑇 4 𝜃2 ℎ − 3𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 2 𝜃3
⎟
⎜
⎟
𝜃𝑇 3 2
𝜃𝑇 3 2
⎜
⎟
−6𝐶𝐸1 𝐸4 𝑒 𝑇 𝜃 − 3𝐸1 𝐸3 𝑒 𝑇 𝜃 ℎ
⎟
𝜕 2 𝜋 (𝑝, 𝑇 )
𝜕 2 𝜓 (𝑝, 𝑇 )
1 ⎜
𝜃𝑇 2
2
3
⎜
⎟
=
+
−3𝐸1 𝐸2 𝑒 𝑇 ℎ𝜃 − 6𝐸1 𝐸4 𝑇 𝜃ℎ
⎟
𝜕𝑇 2
𝜕𝑇 2
3𝜃𝑇 3 ⎜
⎜ +6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 𝜃2 + 2𝐸1 𝐸4 𝑇 3 ℎ𝜃
⎟
⎜
⎟
⎝ 6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝑇 ℎ𝜃 − 6𝐶𝐸1 𝐸2 𝑒𝜃𝑇 𝜃
⎠
𝜃𝑇
+6𝐶𝐸1 𝐸2 𝜃 − 6𝐸1 𝐸2 𝑒 ℎ + 6𝐸1 𝐸2 ℎ + 6𝐴𝜃
⎛
⎞
6𝐶𝐸4 𝑒𝜃𝑇 𝑇 3 𝜃2 + 6𝐶𝐸3 𝑒𝜃𝑇 𝑇 2 𝜃2
⎜ +6𝐸4 𝑒𝜃𝑇 𝑇 3 ℎ𝜃 + 6𝐶𝐸2 𝑒𝜃𝑇 𝑇 𝜃2 ⎟
⎜
⎟
⎜ +6𝐶𝐸4 𝑒𝜃𝑇 𝑇 2 𝜃 + 6𝐸3 𝑒𝜃𝑇 𝑇 2 ℎ𝜃 ⎟
⎟
𝜕 2 𝜋 (𝑝, 𝑇 )
𝜕 2 𝜓 (𝑝, 𝑇 ) 𝑎𝑝−𝜂−1 𝜂 ⎜
𝜕 2 𝜋 (𝑝, 𝑇 )
⎜ −4𝐸4 𝑇 3 ℎ𝜃 + 6𝐸2 𝑒𝜃𝑇 𝑇 ℎ𝜃
⎟
=
=
−
⎟
𝜕𝑝𝜕𝑇
𝜕𝑇 𝜕𝑝
𝜕𝑇 𝜕𝑝
6𝜃𝑇 2 ⎜
⎜ −3𝐸3 𝑇 2 ℎ𝜃 + 6𝐸4 𝑒𝜃𝑇 𝑇 2 ℎ
⎟
⎜
⎟
⎝ −6𝐶𝐸2 𝑒𝜃𝑇 𝜃 − 6𝐸4 𝑇 2 ℎ
⎠
𝜃𝑇
+6𝐶𝐸2 𝜃 − 6𝐸2 𝑒 ℎ + 6𝐸2 ℎ
]︃
[︃ 𝜕 2 𝜋(𝑝,𝑇 )
2
𝜕 𝜋(𝑝,𝑇 )
⎛

Hessian matrix is 𝐻 (𝑝, 𝑇 ) =

𝜕𝑇 2
𝜕 2 𝜋(𝑝,𝑇 )
𝜕𝑇 𝜕𝑝

𝜕𝑝𝜕𝑇
𝜕 2 𝜋(𝑝,𝑇 )
𝜕𝑝2

.

(B.3)

(B.4)

(B.5)

(B.6)
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