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This paper enlightens the use of artiﬁcial intelligence (AI) for distribution of fresh foods by searching more viable route to keep
intact the food attributes. In recent years, very hard-hitting competition is for food industries because of the individuals living
standards and their responsiveness for fresh food products demand within stipulated time period. Food industry deals with the
extensive kind of activities such as food processing, food packaging and distribution, and instrumentation and control. To meet
market demand, customer satisfaction, and maintaining its own brand and ranking on global scale, artiﬁcial intelligence can play a
vibrant role in decision-making by providing analytical solutions with adjusting available resources. Therefore, by integrating
innovative technologies for fresh food distribution, potential beneﬁts have been increased, and simultaneously risk associated with
the food quality is reduced. Time is a major factor upon which food quality depends; hence, time required to complete the task
must be minimized, and it is achieved by reducing the distance travelled; so, path optimization is the key for the overall task.
Swarm intelligence (SI) is a subﬁeld of artiﬁcial intelligence and consists of many algorithms. SI is a branch of nature-inspired
algorithm, having a capability of global search, and gives optimized solution for real-time problems adaptive in nature. An
artiﬁcial bee colony (ABC) optimization and cuckoo search (CS) algorithm also come into the category of SI algorithm. Researchers have implemented ABC algorithm and CS algorithm to optimize the distribution route for fresh food delivery in time
window along with considering other factors: ﬁxed number of delivery vehicles and ﬁxed cost and fuel by covering all service
locations. Results show that this research provides an eﬃcient approach, i.e., artiﬁcial bee colony algorithm for fresh food
distribution in time window without penalty and food quality loss.

1. Introduction
Fresh farm foods are perishable and dependent on time;
hence, quality of food and its protection are the vital factors.
To intact the food quality and avoiding its contamination,
time required for shipping fresh food products must be less,
and shipping environment must be safe. Therefore, the
requirement of rational mechanism of logistic delivery of
fresh farm foods arises which is of major concern for almost
all customers [1, 2]. China developed cold chain logistics,
and various developments have also been done depending
upon requirements and concerns, but at some point of time,

it has been identiﬁed that this was not suﬃcient. Because of
the challenges faced during guaranteed distribution of fresh
food, one solution has been identiﬁed which is the path
planning of delivery of food products even without considering the cold chain distribution. Path planning of food
products distribution can improve the guarantee of quality
food, customer satisfaction, avoiding food contamination,
reducing logistic cost etc., which is the signiﬁcant proposal
for this research paper.
Vehicle routing problem (VRP) deals with searching a
best path from source to destination by serving a number of
customers in a sequence where time window is the critical
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component. VRP was ﬁrst proposed in year 1959 by Dantzig,
and later on in the year 1987, then in 1989 and till now (year
2020), many others also studied and designed. In research,
VRP is the most deliberated combinatorial optimization
problems [3, 4]. Various variants of vehicle routing problem
exist which have been developed one after another, and still
researchers are exploring some new dimensions. In recent
years, various heuristic methods, evolutionary algorithm,
and hybrid optimization algorithms have been successfully
applied for VRP [5] and have given quality solutions along
with computational quickness. In research, some vehicle
routing problems for supplying fresh agricultural foods and
frozen foods have been applied with time window constraints [6, 7], but in some most of the cases, food contamination during transportation was not taken into
consideration.
Optimization algorithms have replaced the traditional
techniques to serve the purpose because of various appealing
features to deploy in real-time problems for accomplishing
various tasks as they are eﬃcient, can serve customer in
better way with lots of clarity, and follow all predeﬁned rules
and increased eﬃciency. They can be improved with time, or
modiﬁcations can be done depending upon the nature of
problem/application [8–10]. Optimization is very much
essential in the business domain because of optimization,
and only cost can be reduced with increased performance.
Therefore, proﬁt can be increased. Application of optimization algorithm in food industry has also proven and setup
a benchmark for others by using best practices and techniques [11]. Motivation for the research is to accomplish
distribution of fresh food without quality degradation, and it
can be achieved if time required for distribution can be
reduced.
In recent years, various novel optimization algorithms
such as ant colony optimization (ACO) [12, 13], particle
swarm optimization (PSO) [14], cuckoo search (CS) [15, 16],
lion optimization algorithm (LOA) [17], grasshopper optimization algorithm [18], Levy ﬂight algorithm [19], tree
growth algorithm [20], grey wolf optimizer [21], bees pollen
optimization algorithm [22], Harris Hawks optimization
(HHO) [23], sine cosine algorithm [24], water wave optimization algorithm [25], whale optimization algorithm [26],
moth search (MS) [27], elephant herding optimization
(EHO) [28], slime mould algorithm (SMA) [28], kill heard
[29], and butterﬂy optimization (BO) algorithm [30], and
hybrid algorithms have drawn the attention of researchers
for applying these algorithms in various unconstrained and
constrained optimization problems. Upon studying all
mentioned algorithms, it has been identiﬁed that they have
been successfully applied for test suite optimization, path
convergence-based optimization, and many other real-world
engineering problems. One of the very interesting and
challenging real-time problems is fresh food distribution
because it has to meet various standards with available resources constraints and customer satisfaction is the most
important requirement.
One of the novel heuristic algorithms is artiﬁcial bee
colony (ABC) algorithm, inspired by bee’s behavior which
has been applied to get a solution of complex combinational
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optimization problems. Every optimization algorithm has
certain advantages, but ABC algorithm is preferred by the
researcher for adaptive nature of the problem over other
algorithms because of less control parameters, fast convergence, robust nature, highly ﬂexible, and simple approach
within stipulated time duration. The quality of bee colony is
to search nectar spontaneously and to do so sometimes they
divide themselves into three groups: leaders, onlooker, and
scouts. Among these three characters, information is
communicated and colony collects the nectar rapidly and
proﬁciently. ABC algorithm and some of its variants have
been applied eﬀectively in various problems such as assignment problems with neighbourhood mechanism,
scheduling problem, integrated portioning, Schottky barrier
diode, and image segmentation [31, 32]. Such fruitful applications of artiﬁcial bee colony optimization algorithm
encouraged authors to implement in this paper. The objective of this paper is to apply vehicle routing problem with
time windows (VRPTW) to maximize the probability of
timely delivery of food product to customers by minimizing
the number of vehicles required, distance travelled by each
vehicle, cost involved in transportation, and other logistic
requirements. Results achieved are compared with results
extracted from the cuckoo search (CS) algorithm. CS algorithm has a slow rate of convergence but is compatible
with the ABC algorithm in terms of other parameters and
performance. Upon compassion, it has been observed that
the proposed algorithm, i.e., artiﬁcial bee colony optimization algorithm looks like an eﬀective and competent
method for the deﬁned problem.
Organization of the paper is as follows: food quality, food
categorization, and preservation are presented in Section 2.
Artiﬁcial bee colony (ABC) algorithm is deﬁned in Section 3.
Cuckoo search (CS) algorithm is described in Section 4.
Vehicle routing problem (VRP) and its variants are discussed in Section 5. Problem description and implementation are presented in Section 6. Results are illustrated
in Section 7. Lastly, conclusion and future scope are enumerated in Section 8.

2. Food Quality, Food Categorization,
and Preservation
Food makes our body to work, to grow, and to repair itself
whenever required. Basically, food is an organic substance
and consumed for nutritional purpose, and it comes from
animals and plants. Food is eaten by living things to become
healthy, and it contains protein, moistness, carbohydrate,
minerals, fat, and other organic ingredients [2, 6].
2.1. Food Quality. The objective of food business is to endure
competitive in global market by maintaining food quality.
The term food quality is a very important factor especially in
the success of a food product. This term consists of addition
of all properties and features of food items which must be
acceptable to all buyers. The term “food quality” is frequently
used by consumers, but its value varies from customer to
customer even among various regions and cultures.
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Generally, quality is subjective in nature; therefore, some
reference is required for speciﬁc criteria or attributes. In food
industry, product speciﬁcations are deﬁned in view of
quality attributes and speciﬁcations.
The attributes contributing to food quality are as follows:
(i) Appearance (it includes shape, size, color, shine,
and consistency)
(ii) Nutritional content
(iii) Flavour
(iv) Texture
(v) Decent and viable production
2.2. Food Categorization. Figure 1 shows the classiﬁcation of
food and details about each category, and its subcategory is
also explained in this section.
2.2.1. Categorization of Food Based on Shelf Life. Food
spoilage with respect to time is a natural procedure because
during this stage, food may progressively lose its color, odor,
consistency, and nutritional values. In case someone consumed spoiled food, it can lead to mild to severe sickness till
death also. In the basis of the self-life, food items can be
categorized as follows:
(i) Nonperishable foods such as ﬂour, nuts, and dry
beans
(ii) Semiperishable foods such as cheese, vegetables, and
fruits
(iii) Perishable foods such as milk, eggs, and dairy
products
2.2.2. Categorization of Food Based on Functions. As per the
functioning of the human body, it is categorized is as follows:
(i)
(ii)
(iii)
(iv)

Protective foods
Energy-giving foods
Body-building foods
Regulatory foods

2.2.3. Categorization of Food Based on Nutritional Values.
On the basis of nutritional value, food items categorized are
as follows:
(i)
(ii)
(iii)
(iv)
(v)

Protein-rich food
Vitamin-rich food
Mineral-rich food
Carbohydrate-rich food
Fat-rich food

2.2.4. Categorization of Food Based on Extent and Purpose of
Processing. Food industries try to convert fresh foods into
food products. Therefore, various food processing techniques are utilized. In this category, further categorization is
as follows:
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(i) Marginally processed or unprocessed food
(ii) Processed cookery food
(iii) Ultraprocessed food
2.3. Food Preservation. It is always required to maintain food
quality along with its nutritive values, color, consistency etc.,
for longer duration of time because food contamination is
very dangerous. It can have serious apprehensions like
sickness to increased level even till death also. Therefore,
legal responsibilities lie with food managers or supervisors
that they must ensure that food does not contain any type of
contaminations which may impact customer health. In any
such type of severe conditions, serious penalty may be bear
by the food business owner which may impact business
reputation also.
Food preservation is a procedure via which internal and
external features of food is maintained to avoid food decay.
The objective is to intact its nutritional values, consistency,
color, and taste. Food preservation had been started long
time ago in olden days. Figure 2 shows the classiﬁcation of
food preservation. Traditional old methods of preservation
are drying in sun, cooling, chilling, and fermentation. With
technological development, recent methods of food preservation also include addition of preservatives like some
chemicals or natural preservatives.

3. Artificial Bee Colony (ABC) Algorithm
An artiﬁcial bee colony (ABC) algorithm is a stochastic
algorithm based on popular swarm intelligence and was
proposed by Karaboga in 2007 for solving various optimization problems. This algorithm mimics the actions of intelligent honey bees with an objective to search the source of
food. In a colony, bees are divided into three groups
depending upon their roles [32, 33]:
(i) Employed bees: also known as forager bees; they go
to search for rich food sources and after returning
back to squirrel, they exchange the information with
observer bees with some probability.
(ii) Onlooker bees: also known as observer bees; these
are a kind of unemployed bees which start searching
while scouts initiate in its nest or in neighbourhood.
Exploitation search is carried out.
(iii) Scout bees: they interpret from some forager bees
which abandon their sources and start searching
new. Exploration search is carried out by them.
In artiﬁcial bee colony optimization algorithm, location
of food source is treated as the possible solution of the given
problem and amount of ﬂuid (nectar) of food sources as
ﬁtness, i.e., quality of related solution. One employed bee
corresponds to one food source; therefore, the total number
of employed bees is the same as the number of solutions, i.e.,
food sources.
ABC algorithm executes four diﬀerent selection
processes:
(1) Global selection process: it is used by onlookers

4

Journal of Food Quality

Food classiﬁcation on the basis of

Shell Life

Functions

Nutrional Value

Extent & Purpose of processing

Figure 1: Classiﬁcation of food preservation.

by the scout bee is replaced by the previous one, which is as
follows:

Food Preservation & Processing

xi,j � lbj + rand(0, 1)(ubj − lbj).
Physical
Processing

Chemical
Processing

Biological
Processing

(4)

Here, ub and lb are the upper and lower boundaries of jth
dimension

Figure 2: Classiﬁcation of food preservation.

4. Cuckoo Search (CS) Algorithm
(2) Local selection process: it is carried out in a region by
employed and onlooker bees
(3) Greedy selection process: it is used by all bees
(4) Random selection process: it is used by scouts

3.1. Organization of Artiﬁcial Bee Colony Algorithm. All the
vectors (xm) are initialized corresponding to the food source
population, population size is set by scout bees, and other
controlled parameters are also kept set. Let SS is the swarm
size of the artiﬁcial bee colony (ABC) which randomly
dispersed initial population of food sources. If Xi is the
solution among swarm and dimension is denoted by M, then
X � xi,1 , xi,2 , xi,3 , . . . , xi,M .

(1)

Each and every employed bee will generate a new
candidate solution in the neighbourhood of the current
location. If new solution is represented by Yi, where Xk is the
randomly chosen solution and random number is φi,j which
lies in between [−1, 1], then
Yi,j � xi,j + φi,j xi,j − xk,j .

(2)

A greedy selection is used once the new candidate solution Yi is generated. Now, the ﬁtness value of Xi is
compared with Yi. If Yi is better than Xi, then update Xi with
Yi; otherwise, Xi will be unchanged.
Once all employed bees will complete their search
process, they share the food source details with onlooker
bees via waggle dance. The onlooker bee tends to evaluate the
nectar details received from all employed bees and selects
that food source which has probability for its nectar amount.
Roulette wheel selection mechanism is used for probabilistic
choice. For swarm, the ﬁtness value of the ith solution is FITi
and is written as follows:
Pi �

FITi
.
 FITj

(3)

Food source will be assumed as abundant if position is
not improved in deﬁned number of cycles. Let us assume Xi
as an abundant source, then the new food source identiﬁed

It is also a metaheuristic algorithm with good global search
and fast convergence, proposed in the year 2009 [13]. In
recent years, it has been applied to various applications
where some process parameters need to be optimized. CS
algorithm imitates the brood parasitism conduct of cuckoos
and Levy ﬂying actions of birds. It has extended search space
because of a combination of recurrent short jumps and
unplanned long jumps [15, 16]. Some low-grade nests used
to be abolished by probability discovery (Pa), and new nests
are created by a mechanism known as random walk. Fitness
function Fi needs to be calculated for every iteration by
taking cuckoos randomly and accordingly best solution, i.e.,
nest with quality solution, is updated for ranking the
solution.

5. Vehicle Routing Problem (VRP)
A general version of travelling salesman problem (TSP) is
vehicle routing problem (VRP) [34, 35]. In this problem,
vehicle tends to start and terminate service at the depot itself
by providing service to all the customers. In VRP, multiple
salesmen provide services to many consumers. Therefore,
various parameters need to be optimized. Parameters for
optimization may be time, distance, and cost of related
routes [36–38]. Diﬀerent variants of VRP are as follows:
(i) Capacitated vehicle routing problem (CVRP)
(ii) Time-dependent vehicle routing problem (TDVRP)
(iii) Vehicle routing problem with time windows
(VRPTW)
(iv) Vehicle routing problem with heterogeneous ﬂeet
(VRPHF)
Vehicle routing problem with time windows (VRPTW)
is a variation of capacitated vehicle routing problem where
time duration is allocated to each consumer and the required
services must be provided in that time window.

6. Problem Description and Implementation
A delivery center provides distribution on fresh products.
Let us assume that there are N service locations for food
distributions and there are total M delivery vehicles. Each
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and every delivery vehicle starts its service from the delivery
center, and by covering all service locations, it reaches back
to the delivery center. Each service location has speciﬁed
time duration in which the delivery of fresh food must be
done. Therefore, the objective is optimization for delivery
vehicles of distributing fresh food products so that the required target can be achieved. Parameters for optimization
for maintaining food quality can be shortest path travelled,
ﬁnest service quality, and minimum cost of supply. This
paper proposed a process for the timely distribution model
of fresh food products route without any quality loss of food.
Quality loss function of perishable fresh products expresses the quality transformation with respect to time involved in the delivery process. Modelling is done by
considering fresh products as perishable, and its temperature
is kept constant during the entire delivery route. Metamorphic function is expressed as follows:
X(t) � X0 Ke− βt ,

(5)

where
t: delivery time
X0: quality of fresh food product before delivery which
is very good
K: rate of food quality loss
β: sensitivity of food products w.r.t. time (its value will
be small when food products are highly sensitive
otherwise vice versa)
If the customer is not satisﬁed with delivered food
quality which is directly correlated with the time window
problem, the penalty function needs to be introduced. Time
window for penalty is being discussed in this paper. Let the
time window is [Ui, Vi] for satisfactory food delivery for each
service location, and if food is delivered timely, i.e., within
this window, the satisfaction level is met and no penalty is to
be kept.
By considering various restrictions and for minimized
cost of logistics distribution, the objective function for the
fresh food distribution model can be written as follows:
min(Y) � X1 + X2 + X3 + X4 ,

(6)

(i) X1: ﬁxed cost
X1 � mF,

(7)

(ii) where F is the ﬁxed cost of each delivery vehicle
which includes all kinds of expenses
(iii) X2: transportation cost
X2 �    dij XijK C′ ,

(8)

where (i � 0, 1,. . .,N), (j � 0, 1,. . .,N) (K � 0, 1,. . .,S)
(iv) X3: goods lost cost
X3 � pgiK1 − e− β0t .
(v) X4: punishment cost

(9)

X4 � θ1 ti − Mi .

(10)

When each service location has one delivery vehicle for
distribution of fresh food and all service locations use total M
delivery vehicles, it is mathematically written as
 BiS � 1 for i ∈ N,

M for i � 0.

S∈M

(11)

Each delivery vehicle has only one route for food distribution, and summation of all distribution routes is small
than the total number of delivery vehicles, i.e.,
  AijS ≤ M,

∀ i � 0.

S∈M j∈N

(12)

Every delivery vehicle starts from a fresh logistic delivery
center and ends its service there itself after accomplishing
task; therefore, it is a closed delivery track.
 AjiS �  AjiS ≤ 1,
j∈N

i � 0, K � 1, 2, 3, . . . , M.

j∈N

(13)
The total stretch travelled by each delivery vehicle on
each delivery route does not exceed the maximum stretch of
vehicles.
 dij AijK ≤ D,

∀ S ∈ M.

i,j∈N

(14)

Total demand arriving at each delivery path must be less
than the maximum capacity of each delivery vehicle.
 gi Bki ≤ XL ,

S � 1, 2, . . . , M.

j∈N

(15)

7. Results and Discussion
In this paper, the artiﬁcial bee colony optimization algorithm is used for solving the discussed problem because this
algorithm improves the convergence time. Various parameters for ABC algorithm are number of iterations, size of
colony, limit value etc. The same problem is solved by applying one more swarm algorithm, i.e., cuckoo search algorithm. By varying the population size, results have been
computed, and analysis has been done for optimality of
result whether it depends on variable population size or
increasing search space. Results have been tabulated for both
algorithms, in two cases. The ﬁrst case consists of 20 delivery
locations, i.e., stores, and 5 delivery vehicles, and second case
consists of 40 delivery locations and 10 delivery vehicles.
Table 1 comprises the data corresponding to 20 delivery
locations with 5 delivery vehicles for both ABC algorithm
and CS algorithm. Table 2 comprises the data corresponding
to 40 delivery locations with 10 delivery vehicles for both
ABC algorithm and CS algorithm. Data related to each food
delivery route, distance travelled, time required, and number
of delivery locations, i.e., stores, have been enumerated in
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Table 1: 20 delivery locations with 5 delivery vehicles.

Algorithm

Artiﬁcial bee colony (ABC)

Cuckoo search (CS)

Route no.
R1
R2
R3
R4
R5
R1
R2
R3
R4
R5

Route travelled
S-10-4-13-20-S
S-1-6-18-S
S-3-11-8-12-14-19-S
S-5-17-9-S
S-15-16-7-2-S
S-1-18-19-S
S-8-20-15-S
S-17-10-14-7-12-3-S
S-2-9-11-6-S
S-13-16-4-5-S

Number of stores
4
3
6
3
4
3
3
6
4
4

Distance travelled (Km)
6.04
4.51
9.93
4.48
5.92
4.52
4.8
10.09
5.56
5.49

Travelling time (mins)
51
42
79
44
48
45
49
87
64
59

Table 2: 40 delivery locations with 10 delivery vehicles.
Algorithm

Route no.
Route travelled
Number of stores Distance travelled (Km) Travelling time (mins)
R1
S-3-26-9-S
3
5.23
42
R2
S-8-21-35-19-2-S
5
6.52
61
R3
S-18-4-23-30-S
4
5.89
46
R4
S-25-5-7-32-39-31-17-S
7
11.3
93
R5
S-12-36-6-S
3
5.44
38
Artiﬁcial bee colony (ABC)
R6
S-11-40-S
2
4.34
31
R7
S-1-15-20-29-S
4
5.91
51
R8
S-22-10-38-S
3
5.29
42
R9
S-14-24-13-37-S
4
5.88
48
R10
S-16-28-33-34-27-S
5
6.6
58
R1
S-9-19-32-S
3
4.98
41
R2
S-1-10-7-26-S
4
6.11
67
R3
S-28-21-14-8-2-S
5
6.73
73
R4
S-11-5-18-23-29-30-38-S
7
12.8
101
R5
S-17-36-40-S
3
4.99
45
Cuckoo search (CS)
R6
S-31-13-25-S
3
5.55
58
R7
S-16-22-37-S
3
6.01
63
R8
S-12-39-33-S
3
5.97
55
R9
S-24-34-3-6-S
4
5.88
60
R10
S-4-20-15-35-27-S
5
6.82
84

0.4

ABC
CS

Computation Time (sec)

0.4
0.3
0.3
0.2
0.2
0.1
0.1
0.0
0

0

1

2

3

4
5
6
No. of Iterations

7

Figure 3: Convergence graph.
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Time Comparision
120
100
80
60
40
20
0

Time (Min)

Distance (KM)

Distance Comparision
14
12
10
8
6
4
2
0
R1

R2

R3

R4

R5

R6

R7

R8

R9

R1
0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R1
0

ABC 5.23 6.52 5.89 11.3 5.44 4.34 5.91 5.29 5.88 6.6

ABC

42

61

46

93

38

31

51

42

48

58

CS

CS

41

67

73

101

45

58

63

55

60

84

4.98 6.11 6.73 12.8 4.99 5.55 6.01 5.97 5.88 6.82

ABC
CS

Time Comparision
100
Time (Min)

Distance (KM)

Distance Comparision
12
10
8
6
4
2
0

80
60
40
20
0

R1

R2

R3

R4

R5

R1

R2

R3

R4

R5

6.04

4.51

9.93

4.48

5.92

ABC

51

42

79

44

48

5.49

CS

45

49

87

64

59

4.52

4.8

10.09

5.56

Figure 4: Comparison of distance travelled and time taken.

Tables 1 and 2. S denotes the initial location, i.e., depot from
where vehicles will start and terminate their services.
Computation time is the time required by the algorithm
to complete the task. Figure 3 shows the computation time
for the artiﬁcial bee colony algorithm and cuckoo search
algorithm for path planning of distribution of fresh food
among various delivery locations without food quality loss
and limited number of delivery vehicles. From Figure 3, it is
clear that time required by the ABC algorithm is less than the
CS algorithm; therefore, the performance of ABC algorithm
is very much eﬃcient and eﬀective.
Figure 4 shows the distance travelled and time required
for each route in both the cases, i.e., 40 delivery locations
with 10 delivery vehicles and 20 delivery locations with 5
delivery vehicles using the artiﬁcial bee colony algorithm
and cuckoo search algorithm. It can be observed that performance of the artiﬁcial bee colony algorithm is better in
comparison with cuckoo search algorithm.

process is examined, and path optimization is done and it
has been observed that performance is better by using ABC
algorithm. Some of the limitations are still here because of
not considering the dynamics of delivery vehicle and realtime traﬃc and other environment scenarios; therefore,
further revision in the food distribution model can be done.
Researchers suggest that further some more descriptive
computational intelligence algorithms can be used to solve
the same nature of problems, such as Monarch butterﬂy
optimization (MBO), lion optimization algorithm (LOA),
grasshopper optimization algorithm, earthworm optimization algorithm (EWA), elephant herding optimization
(EHO), moth search (MS) algorithm, slime mould algorithm
(SMA), Harris Hawks optimization (HHO), and butterﬂy
optimization (BO). Some hybrid algorithms can also be
applied to reduce other fresh food distribution limitations or
reducing quality loss, and results can be compared to ascertain which algorithm works better. [28]

8. Conclusion and Future Scope

Data Availability

Food distribution within time window is always a research
area for researchers in food industry because of its dynamic
nature with lot many constraints. Reputation of the food
industry and related owner depends upon the feedback of
customers, which is directly associated with the quality of
food and service. In this paper, fresh food delivery route
optimization is applied on multiple delivery vehicles with
multiple delivery locations including penalty function and
quality loss function. ABC algorithm and CS algorithm are
applied by varying the selection of function indicating the
shortest route; therefore, food distribution is done within the
time window. By analyzing all constraints, the overall

No data were used to support this study.
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