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A B S T R A C T

The maximum amount of food losses in the fruits and vegetable supply chain due to quality and mismatch
between supply and demand. As per the Global Agenda Council on Logistics and Supply Chains indicated that
fruits and vegetables food losses due to improper handling and lack of proper cold transportation such as cold-
logistics facilities/providers or inadequate infrastructure. In this article, a unique fuzzy Multi-Criteria Decision
Making approach is proposed for improving the food losses through cold-third party logistics providers (CTPLs)
evaluation and selection process. Through a literature survey and expert opinion, five criteria and thirty sub-
criteria were identified for reducing the food losses in fruits and vegetable supply chain. The proposed tool use of
fuzzy-Decision making trial and evaluation laboratory tool for selection and evaluation the priority weights of
the factors and fuzzy-analytical hierarchy process tool assessing the best CTPLs according to factors. The result
shows that ‘Refrigerator and loading capacity’ and ‘Knowledge and Information technology management’ were
most significant in the selection of CTPLs. The findings of this paper are anticipated to guide managers of the
food industry, CTPLs, and government agencies in formulating of strategies for the practical food supply chain.
Future scope includes extending the study for other developing countries, validating the proposed methodology,
and improving the reliability of the model.

1. Introduction

India produces sufficient food to fulfil the demand of its entire na-
tion's population; however, it is not able to feed billions of them. India
is the 2nd highest grower of fruits and vegetable, and at the other hand
twenty-five to thirty per cent of it is food losses and damages due to
insufficient transportation and distribution facilities such as cold sto-
rage, dedicated fleet, cold trucks, etc.(www.asianage.com; www.
downtoearth.org.in). Principato et al. [112] mentioned that food loss
and wastage maximum at the consumption side. FAO [40]; NDRC [107]
mentioned in the report published by United Nations, estimated that
every year approximately one-third of all food items/products for so-
ciety is lost and its value nearby dollar 8.3 billion. As per the Global
Hunger Index (GHI), survey 2017 report mentioned that India was the
119 ranked in the world.

The maximum amount of food loss and waste is a mismatch between
supply and demand [40,142]. Van Donselaar et al. [152] argued the
mismatch between supply and demand depends on internal and

external factors (such as government policy, lack of storage facilities,
awareness, and transportation facilities, etc.). Mercier et al. [97]; Kader
[73] presented that every year, almost one-third part of all food pro-
duced for human being consumption is wasted. FAO [40]; NRDC [107]
indicated that all types of food waste account for approximately 40 per
cent of creation. Young [167]; (ReFED [114]; FUSION [48] explained
the food waste regarding economic impact. According to these studies,
the yearly economic impact of food waste is calculated at $218 billion
in the United States, $143 billion in European countries, and $27 billion
in Canada. World forum organisation's founder and the chief executive
officer said, in 2050, the world's population will increase up to 9.1
billion. It is necessary to increase food production by 70 per cent to
meet the food demand of people's needs (www.weforum.org).

As per the Global Agenda Council on Logistics and Supply Chains
indicated that fruits and vegetables food losses due to improper hand-
ling and lack of proper cold transportation such as cold-logistics facil-
ities or inadequate infrastructure (www.weforum.org). Fonseca and
Vergara [45] stated that an excellent logistics facility and logistics
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management is one of the essential and active processes to improve
food losses within supply chain management. Singh et al. [134] pre-
sented that in the Asian developing nations such as India, an estimated
20–30 per cent fruits and vegetable food losses due to lack of cold lo-
gistics infrastructure available. The fruits and vegetable food losses
reduction is possible by improving the efficiency of cold supply chain
management(CSCM) that are correctly used to maintain perishable/
fruits and vegetable food in the controlled temperature range is mon-
itored to as the cold-logistics [97,134].

To maintain the flow supply chain management for the various
items or products such as fruits and vegetables, medicines, milk, meat,
etc. is a difficult task for the industry in the current competitive and
agile business environment. In most of the cases, the supply chain is not
in a position to maintain their business performance due to high losses
and the additional price is occurring at various levels [20,93,134].
Singh et al. [134] identified that different demographic region of con-
sumers and their uncertain needs as well as changing shelf product
lifecycle has greater difficulty in cold supply chain management
(CSCM). CSCM is accountable for the transportation and distribution of
fruits and vegetable in the right temperature value to gentle organic
deterioration process and transports the right and good quality products
to customers [97].

In CSCM processes two issues which are more important, i.e., safety
and security. If safety and security risk is unidentified, the products may
be consumed and cause food poisoning, which has a significant social
and financial loss. It is necessary to have a refrigeration facility to
provide safety to the products from biological degradation and food
losses. Similarly, Kader [73]; Mercier et al. [97] mentioned in the ar-
ticle, that food loss and wastage may be reduced by providing sufficient
infrastructure and transportation facilities. In CSCM processes involves
the activities such as production planning, operation, and managing the
flow of material, information, and packing of fruits and vegetables,
related to sales and services in order to improve consumer value and to
ensure minimum cost [18,43].

The CSCM or cold logistics management are mainly classified into
three categories: precooling (chilling and cooling), storage system, and
transportation [84,134]. Significant losses in the perishable food supply
chain because of not maintaining the products at a standard of food
transport safety regulations (temperature violations) by the transpor-
tation industry or CTPLs providers (www.loaddelivered.com). Three
essential structures of a CSCM system needs to be focused on reducing
the perishable food losses and improving the quality of the food from
farm to fork such as i) A considerable amount of financial investment
for the development of a rigid and complicated system. ii) Appro-
priateness required for collaboration of different industry and sectors.
iii) Last and most important is an adequate amount of price or sufficient
amount of finance [134]. The CTPLs or CSCM has become an internal
process of supply chain management for the storage and transportation
of refrigerated food. At the same time, it has become difficult for the
industry to act or execute such type of logistics process efficiently with
their nuclear capabilities of production/manufacturing; they incline to
subcontract these operations to third-party logistics ([87,134]; www.
fnbnew.com; www.weforum.org).

The selection of 3PL issue has brought the attention of many orga-
nisations and academicians across the world. Logistics outsourcing or
3PL can offer greater competitiveness. They have specific logistics core
competencies, which make them capable of managing the logistics ac-
tivities more effectively and efficiently than their partners. Most of the
firms prefer to do logistics outsourcing, and due to this, the total profit
margin of the organisations have increased [79].

Extended distance shipping is unavoidable in maximum fruits and
vegetable supply chains due to the demographic distribution of the
farm to fork. The capability of long-distance transportation with the
required chilling facility allows the third-party logistics provider to add
an improvement over other means of shipping [26]. The CSCM orga-
nisation in India is mainly imbalanced/unstructured, disorganised area

(www.asianage.com; www.downtoearth.org.in; [40,107,134]). This
area weak regarding lack of cold infrastructure, lack of ground opera-
tions procedures during logistics, lack of storage systems, lack of
loading and unloading procedures, lack of cold chains, and lack of
modern cold chain practices. This part is not well discussed in the In-
dian CTPLs supply chain or CCL. This article has attempted to address
issues related to selection and evaluation of CTPLs providers by using
integrated multi-criteria decision making (MCDM) approach such as
Fuzzy-Decision making trial and evaluation laboratory (FDEMATEL)
and Fuzzy Analytical Hierarchy Process (FAHP). The firms are dealing
with perishable items as well as fruit and vegetable supply chain items
are targeted firms. The study scope is the CTPLs providers’ of the firms
that provide the services from farm to fork as well as which will help to
reduce the food losses during transportation. The focused group for the
study on Government of India runs the cooperatives societies and pri-
vate sectors supermarkets chains which offer the quality and hygiene
fruits and vegetables under the same umbrella. Research objectives
(ROs) of the study are as follows:

RO1: To explore the critical factors and sub-factors to cold-third
party logistics providers (CTPLs) in the Indian context.
RO2: To identify the influencing criteria and understand the cause-
effect relationship amongst criteria.
RO3: To identify the ranks of the sub-criteria.
RO4: To evaluate and select cold-third party logistics providers
(CTPLs).

The remaining part of the paper has organised as a literature review
in Section 2, theoretical grounds of Fuzzy DEMATEL and Fuzzy AHP
method in Section 3. Section 4 elaborates the method of analysis, fol-
lowed by results and discussion in Section 5. The last section has a
conclusion, managerial implications and future scope of the study.

2. Literature review

2.1. Cold supply chain management (CSCM)

The term cold supply chain is a particular supply chain whose
processes and activities ensure control of temperature for the perishable
food products [129]. A typical CSCM consists of freezing/chilling,
packaging, cold store, transport to holding store, transport to the dis-
tribution centre, transport to retail outlet, and consumer handling [8].
CSCM or cold chain logistics (CCL) has become critical as there is huge
demand rise in temperature controlled products, especially fruits and
vegetable [77]. Even though the growth trend in CSCM is high, main-
taining food safety and quality is a primary concern for service provi-
ders in order to get a competitive advantage [156].

CSCM is accountable for the conservation, shipping, and distribu-
tion of fruits and vegetables in the controlled temperature limits to slow
biodegradation processes and on-time deliver the right product and
good-quality foods to customers ([97]; Singh et al. 2017). The CSCM is
a physical system that controls the supply chain logistics activities of a
specific foods item [14,123]. CSCM could be classified into three levels
that are planning, execution, and distribution of efficient and effective
movement of perishable foods and fulfilment of customer's orders at the
right time by reducing the food losses [86,151]. The complete time of
the CSCM is mostly dependent on the particular food item and the
precise market, with some cold chains being as small hours too long
hours/ months/years especially for frozen food products [52,93,97].
Most of the authors have been discussed about different problems of
CCL or CSCM on various stages of fruits and vegetable supply chain
such as from farm to fork (includes farmer; producer; processor; dis-
tributor; retailer; and customers) [17,71,72,122].

Lupien et al. (2005) estimated that thirty-three per cent of foods
losses due to transportation, shipments, and some other reasons. The
other reasons are; high amount of pesticide, high level of contamination
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with insects, etc. to maintain the life of fruits and vegetables for an
extended period. Lebersorger and Schneider [88]; Halloran et al. [60]
concluded in the research article, a high level of coordination and in-
formation sharing system within the food supply chain mainly in dis-
tribution and transportation areas for reducing the losses. Watkins
[158] discussed in the research, lack of packing equipment, lack of
refrigeration facility, lack of transportation, delay in the cooling pro-
cess, and other internal and external factors are responsible for per-
ishable food losses. Estrada-Flores et al. [38] done the research and
concluded that some precautions that could help reducing food losses
during the transportation stage. According to Sargent et al. [126], most
of the time, substantial food losses occurs during transportation and
shipment within the supply chain. Estrada-Flores et al. [38] mentioned
that there is variation in the refrigerating system or temperature con-
trolling system during transportation stage are main, causing food
losses. Edwards-Jones et al. [35] summarised that the objective of the
investment in the food logistics supply chain should be focused at ef-
ficient on-time delivery as well as to maintain the food quality with
minimum food losses. The CSCM is required for good health, health and
fruit food, improve the quality of life by avoiding infections and the rate
of losses [33].

The industrialisation has managed to improve many industries ex-
panding and trading fruits and vegetable products/food supply chain.
The amount of global trading business of food items due to the open
market has built much pressure for the betterment of the cold logistics
sector [134]. As per Taoukis et al. [141]; Omta et al. [109]; Van Der
Vorst [150] mentioned in the research article that temperature mon-
itoring of food items from start to end of the distribution and trans-
portation system is more important to maintain the food quality and
reduces the losses within the supply chain. The reliability of the cold
supply chain must be well-maintained from the being of the production
process, through each level of activities within the chain, i.e., loading,
unloading, material handling, storage, transportation and distribution
of fresh food at the customer end [123].

As per the Sadiq and Saad Al-Abdali [119] due to the in-
dustrialisation of businesses and economic and environmental pres-
sures, industries are facing massive problem to maintain or fulfil the
supply and demand of food items all over the globe safely, fresh, and
on-time delivery. The efficiency and effectiveness of the supply chain
are dependent on two factors, i.e., low price, and on-time delivery
[133,134]. A significant problem in the cold chain is to maintain the
different temperature requirement of different perishable food item
categories at each stage of the supply chain [97]. Temperature con-
trolling and data management tracking system are two essential activ-
ities of the cold chain system and to manage these two activities in the
real field is the major challenge [101].

Every day the new technology is coming, sustainability, and cus-
tomer satisfaction level is the critical challenges in the cold supply
chain management or cold chain logistics [134]. The importance of
technology in CSCM is particular method or technical approach to
adopt for controlling, and monitoring the range of temperature to
maintain the quality of particular perishable food items [94]. In the
literature, many authors discussed the success and unreliability of
Radio frequency identification (RFID) in the real-time scenario
[83,97,134]. The success regarding tracing reduces the number of re-
collections, which incomes as a profit for the industry. However, on the
other hand, the unreliability of RFID such as measuring and monitoring
the range of reading precision in the real-time scenario. Innovative
ideas and proper use of technology for tracing, material handling,
packaging, etc. would give the detail information for items and avoids
the mismatching of items within the warehouse, distribution, and
transportation stages. It directly affects the efficiency of the CSCM or
CCL system. It has been discussed in the literature about the customer's
expectation and satisfaction level has become increased, and to main-
tain these two parts in the real-time supply chain for a company become
challenging.

According to Trienekens and Zuurbier [148] to maintain the cus-
tomer's service-satisfaction level, fresh food products or right quality
products should be delivered to the customers, and in the coming years,
this will govern the production process, distribution, and transportation
systems or quality logistics system in food supply chain [117,151]. The
degradation of food quality products depends on processing, packaging,
storage, and transportation facilities [85]. In the past recent years,
sustainability is one of the challenges in the supply chain by introdu-
cing the term “sustainable supply chain (SSC)” [61]. The SSC is de-
pended on three pillars, i.e., environmental, economic, and social. In
the area of the food supply chain, sustainability focuses on the waste
reduction or minimise food losses. The maximum amount of food losses
in the food supply chain due to a quality issue (Van Donselaar et al.
2006). The concept called ‘farm to fork.’ means a large amount of
distance (in kilometres) a food item has to travel before it reaches the
customers’ fork or table and because of this CO2 (carbon emissions)
affects the nature (carbon footprint). Investment in the logistics infra-
structure such as cooling, cold storage, refrigerated trucks, better in-
formation sharing process, and tracking system, etc. has not only im-
proved the logistics performance but reduces the food losses as well as
prevent the environment [150]. Salin and Nayga Jr. [123] presented
the results of the CSCM for potatoes. The data were collected from the
Philippines and Thailand nations’ of an international and smaller res-
taurant. The outcome of the research mentioned that price policy for
CSCM is tangibly associated with the quality of the items and maybe
affect the availability of subcontracted CSCM activities.

Ali et al. [4] proposed a resilience model for CCL of perishable food
products. The study concludes that resilience affects the negative re-
lationship between performance and CCL risks. Post-harvest food losses
in India is on a higher side. Chaudhuri et al. [29] emphasised on the
importance of real-time data analysis for minimisation of waste by ef-
fective decision making. Interconnection of critical dimensions of CSCM
such as information technology, equipment, infrastructure, and reg-
ulatory aspects must be present for perishable food products [22]. To
understand CSCM performance, Cerchione et al. [27] considered in-
frastructure, stakeholders’ interest, integration, partners’ performance,
and value addition. For multi-temperature vegetable and cold fruit
chain, Hsiao et al. [64] considered vehicle routing, quality to the cus-
tomer, temperature setting, and fleet size. Bhatnagar et al. [16] con-
sidered requirements for relative humidity, temperature, ethylene
production, and odour for agro-based CSCM. To investigate the high
cost, Negi and Anand [106] carried out an exploratory study for the
mango supply chain in India. The author found resources, infra-
structure, poor ambience, and operational issues as significant factors.

2.2. Third-party logistics evaluation criteria

Third-party logistics (3PL) service provider is an evolving area in
the volatile and competitive market environment. The critical assis-
tance of outsourcing logistics providers allows organisations to focus on
their core activities. To increase the operational and functional effi-
ciency, to earn higher flexibility, to enjoy improved customer service, to
reduce the transportation cost, to enhance and restructure the supply
chains, and to establish marketplace legitimacy [55,59,121]. 3PL pro-
vider for perishable products benefits farmers and distributors both in
terms of cost and quality [26,117].

In this section of the paper, the criteria used for the selection of the
3PL by the various author(s) are detailed. The international markets are
affected by the volatility in many driving economies, fluctuating fuel
prices, increased regulations of global markets, and economic down-
turn. Fawcett and Smith [41] proposed five criteria to evaluate third-
party logistics performance, i.e., flexibility, cost, quality, delivery, and
innovation in services. Morash et al. [102] surveyed sixty-five US or-
ganisations in the furniture industry. The authors proposed that logis-
tics performance may be evaluated by pre-sale and post-sale customer
service, delivery speed, delivery reliability, and responsiveness to target
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market and supply capabilities (i.e., distribution coverage, selective
distribution coverage, and low total cost distribution). Nakandala et al.
[105] proposed cost model for perishable food transportation and
quality. The proposed model was demonstrated using simulated an-
nealing (SA), genetic algorithm (GA), and fuzzy genetic algorithm
(FGA). Results show that FGA had better performance compared to SA
and GA. Yan [164] proposed an E-commerce platform for 3PL based
fruit cold chain in China. Fruit product logistics characteristics con-
sidered were diversity, timeliness, and high risk (social, economical,
time, functional, privacy, and psychological). Sun et al. [138] cate-
gorised 3PL financial risk for CCL as commodity supervision risk, im-
proper control of stock, and poor warehouse management.

Stank and Maltz [137] surveyed by on 3PL in domestic versus in-
ternational logistics market and they recommended six critical criteria
be uncertainty/volatility, service capability, long-term cooperation,
organisational characteristics, learning capability, and asset invest-
ment. Anderson and Norman [6] proposed that 3PL selection and
evaluation criteria entirely depend on the organisation activity, pro-
cesses, and product. The more important aspects of this process are the
organisation which focused on outsourcing the execution of the in-
bound logistics or outbound logistics services. Yeung [166] studied an
empirical survey in Hong Kong and came up with four essential criteria
to evaluate the 3PL performance, i.e., price, quality of delivery, time-
liness of services, and customised supplementary services.

Mortensen and Lemoine [103] presented that selection of 3PL is
mainly dependent on the quality and reliability of the transport, market
coverage, especially at the international level, and most important is
price competences. Briggs et al. [23] conducted the exploratory re-
search with 109 experts of the Council of Supply Chain Management
and proposed four critical criteria, i.e., reliability, the speed of service,
service availability, and information accessibility.

Aghazadeh [1] highlighted that 3PL successful relationship mainly
depends on customers and service providers’ need. The author proposed
the five essential criteria, namely- information technology system, trust,
mutual respect, similar value and objectives, and shared willingness to
make a better relationship. Senthil et al. [128] presented a plastic in-
dustry case study for the vendor selection of third-party reverse logistics
services. The author proposed nine main criteria namely- organisational
performance, reverse logistics process functions, the organisational role
of reverse logistics, resources capacity, quality of service, enterprise
alliance, location, experience, and communication systems. Miller et al.
[98] proposed a decision-support system (DSS) for the effective utili-
sation of the storage capacity as well as meet the customer's demand,
which impacts on firms’ performance and operational capability. Lo-
gistics firms’ performance depended on availability, flexibility, and
operational performance capability [19]. Organisation's effectiveness,
i.e., the internal environment and external environment, plays a critical
role in the selection of third-party logistics process [95,96]. McGinnis
et al. [95] done the study of 3PL selection for the USA firms’ and
considered 8 critical factors for 3PL selection process, the 8 factors were
as on-time shipment and delivery, cost, availability of top management,
responsiveness error rates, creative management, financial stability,
and ability to deliver as promised. The same work carried out by Menon
et al. [96]. Sangam [125] further illustrated the findings of these two
authors, author recommended that the 3PL selection process more
factors should take into consideration such as cost, volumes, financial
stability, growth forecast, IT support system and used, quality stan-
dards, capacity, manufactured product lines, and compliance, and the
value-added services. Montanari [101] concluded that the reliable IT
support for the CSCM because tracking/traceability is more critical not
for food quality but also food safety [44,72,115,116]. Spencer et al.
[136] done the work for the 3PL selection process, used six factors,
namely as regarding services, on-time delivery, quality, speed, relia-
bility, communication, and flexibility. Moberg and Speh [99] concluded
that service requirements, the capability to provide value-added ser-
vices, quality of management, and previous ethical track record are

more important factors for the 3PL selection process. Fearne and
Hughes [42] discussed the UK recent producer firm case and de-
termined two more crucial critical success factors such as improvement
in the cost and innovations. Bogataj et al. [18] done the work in CCL
and broadly discussed the stability of perishable items in CCL, which
improves the quality and hygiene of perishable items. Excellent quality
and hygiene of perishable items or fruits and vegetable items require a
sufficient amount of efficient equipment, proper quality certificates,
suitable standard operating procedures, and proper information system,
which helps to reduces the food losses and wastage [72,92]. Montanari
[101] mentioned that quality and safety issues of perishable items from
start to end of the CCL would entirely depend upon the selection of
critical success factors.

2.3. Tools and techniques used in the evaluation and selection 3PL

In the area of 3PL selection, AHP is the most widely used tool among
the researchers. It may be noted that along with AHP other multi-cri-
teria decision-making tools (VIKOR, TOPSIS, and IRP) were also used
for improving the robustness of the developed model. Some of the pa-
pers published in the past using various tools/techniques for the se-
lection and evaluation purpose are detailed below-

Senthil et al. [128] applied a mixed MCDM approach (AHP and
fuzzy TOPSIS) for the evaluation and selection of third-party reverse
logistics service provider (3PRLSP). The AHP approach was selected to
assign the weights to the selection factors, and fuzzy TOPSIS was en-
gaged for the final classification. Peng [111] developed a model for the
evaluation and selection of the 3PL for the Chinese frozen food sector
by employing AHP. Ravi (2012) employed AHP and TOPSIS metho-
dology for the selection of 3PL for a computer hardware manufacturing
industry. Falsini et al. [39] employed an integrated approach consisting
of AHP, DEA, and LP for the 3PL selection. For validation of the model,
three Italian sectors, namely consumer goods, perishable goods, and
defence, were considered. Ho et al. [63] proposed a hybrid QFD and
fuzzy-AHP methodology for the 3PL selection. Büyüközkan et al. [24]
developed an integrated model of fuzzy AHP-TOPSIS for the selection of
3PL. Göl and Çatay [53] applied the AHP methodology for the best 3PL
service provider in the Turkish automotive industry. So et al. [135]
employed AHP tool for the service quality evaluation of four 3PL in
Korea. Zhang et al. (2006) used AHP for evaluating the subjective
opinions and DEA for analysing the quantitative data for the 3PL.
Korpela and Tuominen [80] used AHP to identify the best third-party
logistics provider in the processing industry.

Aguezzoul [3] has classified the performance measurement tools
and techniques of 3PL into five categories: multi-criteria decision-
making (MCDM) techniques, statistical approaches, artificial in-
telligence, mathematical programming, and hybrid methods. Efendigil
et al. [36] proposed a hybrid approach for 3PL in the presence of va-
gueness by using the artificial neural network and fuzzy analytical
hierarchy process. Shi et al. [131] proposed empirical research of 3PL
by using structural equation modelling. Visani et al. [155] proposed a
data envelopment analysis based tool for approximation the total cost
of ownership of analysing suppliers’ performance, rationalising and
reducing the supplier base. Momeni et al. [100] applied the network
DEA approach for the evaluation and the selection of the eligible re-
verse logistics service providers. Venkatesh et al. [153] selected DEA
approach using the platform STATA for analysing the performance of
the 3PL for the apparel industries. Chandraprakaikul and Suebpongsa-
korn [28] evaluated the operation performances of 55 logistics com-
panies of Thailand using DEA along with a Malmquist productivity
index (MPI). Saen [120] proposed a framework for the selection of
third-party reverse logistics service provider, taking into consideration
the imprecise data and dual factors. Azadi and Saen [11] proposed a
new chance-constrained data envelopment analysis approach to assist
the decision maker in identifying the best possible third-party reverse
logistics service provider in dual-role factors and stochastic data. Ting
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and Fang [145] identified the key performance indicators of a dis-
tribution centre and evaluated their performances using DEA and MPI.
It was found that the main reason behind the inefficient DMUs was the
scale inefficiency.

Sureeyatanapas et al. [139] evaluated ranking order of green lo-
gistic activities and results indicate rank as eco-driving, alternative
energy, modal shift, and vehicle routing. Li et al. [90] selected 3PRLP in
China by using Cumulative prospect theory and hybrid information
MCDM. Kannan [75] proposed a three-phase methodology by using
ISM, ANP, and COPRAS-G for the sustainable supplier selection. Allaoui
et al. [5] proposed a hybrid MCDM based on AHP and Ordered
weighted averaging for sustainable food SCM. Banaeian et al. [12]
compared the results of fuzzy GRA, fuzzy VIKOR, and fuzzy TOPSIS for
food supplier selection. Sureeyatanapas et al. [140] used extended
TOPSIS method for supplier selection in unavailable and uncertain in-
formation situation. Kozarević and Puška [81] employed fuzzy TOPSIS
and Fuzzy entropy method to understand the food supply chain per-
formance. Yadavalli et al. [163] used fuzzy TOPSIS with Z number in
order to evaluate and select the green supplier. Fuzzy GRA involves less
computational complexity compared to fuzzy VIKOR, and fuzzy TOPSIS
[12].

2.4. Research gaps

In recent years, worldwide retail supermarkets are the focus area of
trade where supplier and consumers managed the industry in fruits and
vegetable items [104]. In fruits and vegetables business industry, the
more critical challenges are managing the quality and safety, and en-
large the speed of food items through the distribution and transporta-
tion processes [104].

In the developing nations, the amount of food losses in fruits and
vegetables supply chain is very high; on the other hand, logistics and
transportation cost is also very high. In the agricultural sector, India's
production outcome has a significant impact on global food security.
Artiuch and Kornstein [7] agricultural sector in India creates the rev-
enue or contributes approximately 20 per cent of the country's gross
domestic product (GDP). A survey was done by the World Economy
forum in 2011 among the 142 countries in the world for positioning
infrastructure reliability and adequacy. The result of the study showed
that India position 89 ranks of 142 countries (www.weforum.org). The
overall production and distribution system depends on the nation's in-
frastructure to transport and stock billions of tons of food every year.
The primary problem behind this is not well organised CSCM or cold
logistics management. The lack of logistics infrastructure (such as
production, processes, handling, distribution, and transportation) has
affected India's agricultural business especially fruits and vegetable
sector [7,104]. The assumption of factors and their significance depend
on the requirements and financial position/growth of the purchaser/
customer organisation. Hence, in the real and practical cases the ob-
jectives and opportunities of a cold third-party plan will permit a firm
to determine its factors for 3PL selection and evaluation, which will
their business target and arrange or provide the excellent transportation
facility to the customers’ organization [125,134]. Therefore this re-
search will attempt to propose a tool for the selection and evaluation
process of CTPLs providers in the fruits and vegetable supply chain by a
broad outline. From the above review discussion, the factors identified
for a CTPLs selection procedure in this article case are Knowledge and
Information technology management; Budget and Government ap-
provals; Safety, security, comfort, convenience, and aesthetics view;
Maintenance Management; Refrigerator and loading capacity. The de-
tails are given in Table 1.

To the authors’ best knowledge, the goal of reduction of post-har-
vest losses in the food supply chain - towards a cold third-party logistics
provider was not discussed before. This paper discussed the CTPLs
evaluation and selection problem is modelled and solved by using a
hybrid tool, i.e., Fuzzy-DEMATEL and fuzzy-AHP. There are many more

logistics providers available in the dynamic market, and there is a cut to
cut the struggle between the providers. Therefore, it is very crucial for
the strategy team/decision makers to decide on logistics operations.
The application of the proposed integrated tool, along with the tool
execution steps is discussed in the following sections.

3. Theoretical grounds of fuzzy DEMATEL and fuzzy AHP method

Multi-criteria decision making (MCDM) consists of various hier-
archical constructions. At present hierarchies among the factors eche-
lons and effects the factors in the same echelons. This article assumed
the interactions and hierarchies between the factors. Fuzzy-DEMATEL
and Fuzzy-AHP tool are applied in to study the factors/criteria inter-
actions within the factors and factors hierarchies in the proposed
methodology ([34]; Baykasog˘lu et al. 2013; [10,76]).

3.1. Fuzzy theory

The classical set theory allows membership of an element in a set of
binary terms 1 or 0 (True/False). Fuzzy logic is developed by Zadeh to
deal with vagueness and uncertainty in the system [168]. A fuzzy set is
a superset of a classical set, which allows a real unit interval between 0
and 1. These intermediate values are often termed as the degree of
membership, which allows continuous assessment of membership of
element. Fuzzy logic is used to mimic human reasoning and deciding
according to various inputs and type of membership function [168].
Out of various membership functions like triangular, trapezoidal, sig-
moid, etc., the triangular membership function is more popular
amongst researchers.

A triangular fuzzy number N is represented as a TRIFN (l, m, n), and
µ (N), the, i.e. membership function for real numbers l, m, and n is
defined as:

=

⎧

⎨

⎪

⎩
⎪

≤
≤ ≤

≤ ≤
≥

−
−

−
−

μ

x l
l x m

m x n
x n

(N)

0,
,

,
0, ,

x l
l m

n x
n m

(1)

With the constraint of l≤m≤ n. Fig. 1 shows a triangular mem-
bership function corresponding to Eq. (1).

3.2. DEMATEL model

DEMATEL stands for Decision Making and Trial Evaluation
Laboratory. Bastille National Laboratory of USA had proposed
DEMATEL in 1971 and popular to visualise logically complex causal
relationships [9,49,50,76]. In comparison with directionless graphs, a
directed graph (often termed as digraph) is more useful as it depicts a
contextual relationship. The DEMATEL method is based on digraph,
which gives a structural model to portray a cause-effect relationship
between factors. Author refined the version used by Fontela and Gabus
[46] for steps used in DEMATEL as follows:

Step 1: The pair-wise scale of comparison may be labelled in four
levels, where the scores of 3, 2, 1, and 0 represent ‘‘Very high influ-
ence’’, ‘‘High influence’’, ‘‘Low influence’’, and ‘‘No influence’’ respec-
tively.

Step 2: The initial direct-relation matrix M is a square matrix of size
‘n’ and found by pair-wise judgments (influences, directions) between
criteria, in which mij is denoted as M= [mij]n*n, which represents the
degree of criterion i' affects the jth criterion.

Step 3: The normalized direct relation matrix (N) can be acquired by
the following Eqs. (1) and (2)

=N s*M, (2)
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=
∑

= …
mij

s 1
max

, i, j 1, 2 .n
(3)

Step 4: The total- relation matrix TR can be calculated using Eq. (4)

= − −TR N(I N) 1 (4)

where I is an identity matrix of size ‘n.’
Step 5: The sum of rows (R) and the sum of columns (C) within total-

relation matrix TR by Eqs. (4)–(6)

= = …TR tr ,i, j 1, 2 .nij (5)

∑=
=

R trij
j

n

1 (6)

∑=
=

C tr
i

n

1
ij

(7)

Step 6: A casual diagram is drawn with the horizontal axis as
(R+ C) and the vertical axis as (R - C), which will help to conclude
about the relationship between factors.

3.3. Fuzzy DEMATEL analysis

Decision making comprises of a set of ‘n’ criteria which are re-
presented by A= {A1, A2… An}.

Possible alternatives should be assessed on these ‘n’ criteria. In this
paper, direct –relation fuzzy matrix ‘B’ is formed as shown in Eq. (8)
where Bij= (Bij, Ɩ, Bij,m, Bij,u). Linguistic variables are symbolised as (Ɩ,
m, u) where ‘Ɩ’ denotes a lower limit, ‘u’ denotes an upper limit, and at
‘m’ denotes middle limit where the degree of membership is 1, i.e.
100%; Ɩ ≤ m≤ u.

=

⋯

⋮

⎡

⎣

⎢
⎢
⎢

⋯
⋯

⋮ ⋮ ⋱ ⋮
⋯

⎤

⎦

⎥
⎥
⎥

B

A A A
A
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A

B B
B B

B B

0
0

0

n

n

n

n

n n

1 2

1

2

12 1

21 2

1 2 (8)

Eq. (9) gives a direct-relation fuzzy matrix

=
⎡

⎣

⎢
⎢
⎢

⋯
⋯

⋮ ⋮ ⋱ ⋮
⋯

⎤

⎦

⎥
⎥
⎥

B

B B
B B
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0
0

0
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1 2 (9)

where

⎜ ⎟= = ⎛
⎝

⎞
⎠

D
B
E

B
e

B
e

B
e

, , ,ij
ij ij l

l

ij m

m u

, ,

=E e e e( , , )l m u
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⎛

⎝
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⎞

⎠

⎟
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=
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i n

n

ij s
1

1

,

With the assumption of at least one ‘i’ such that
∑ ≤ ∀ == B e s l m u, ,j

n
ij s1

Eq. (9) can be separated into distinct sub-matrices, as (Dl, Dm, Du).
Goodman (1988) proven

→∞
lim
x

(Ds)x=N and
→∞
lim

k
(1+Ds+…….+Ds

2

+……+ Ds
k)= − −D(1 ) 1, ∀ =s l m u, , , where N - null matrix.

Now the total-relation fuzzy matrix ‘T’ can be calculated as [34]:

= + + + = −
→∞

−T D D D D Dlim ( .. ) (1 )
x

x2 1
(10)

Therefore, the T matrix is as shown in Eq. (11) as follows.

=
⎡

⎣

⎢
⎢
⎢

⋯
⋯

⋮ ⋮ ⋱ ⋮
⋯

⎤

⎦

⎥
⎥
⎥

T

t t t
t t t

t t t

n

n

n n nn

11 12 1

21 22 2

2 2 (11)

Where tij= (tij,l, tij,m, tij,u) is overall influence rating of ‘i’ against ‘j.’
The sum of rows and columns of the sub-matrices Tl, Tm, Tn denoted

by the fuzzy numbers RO and CO, respectively, can be calculated using
Eqs. (12) and (13) respectively [34].

∑= = …
=

RO t i n( 1, 2, , )i
j

n

ij
1 (12)

∑= = …
=

CO t j n( 1, 2, , )i
i

n

ij
1 (13)

Defuzzification is required to get the criteria; here signed distance
method proposed by Yao and Wu [165] is used. Defuzzification of ROi

and COi calculated by Eq. (14) as follows.

= + +s D D D D( , 0) 1
4

( 2 )ij ij l ij m ij u, , , (14)

defuzzifying ROi and COi by using above the Eq. (14) gives ROi
def and

COi
def respectively. +RO CO( )i

def
i
def is termed as ‘Prominence’ and

plotted on the horizontal axis and −RO CO( )i
dethe f

i
def is termed as ‘Re-

lation’ and plotted on the vertical axis [34].
The rank of the criteria is calculated using Eq. (15) as follows.

= + + −y RO CO RO CO{( ) ( ) }i i
def

i
def

i
def

i
def2 2 1

2 (15)

Eq. (16) normalized value of importance of criteria.

=
∑ =

Y
y

yi
i

i
n

i1 (16)

Yi represents the final criteria weight for decision making [34].

3.4. Fuzzy AHP model

Since its development, analytical hierarchy process (AHP) is ex-
tensively used as multiple criteria decision-making (MCDM) due to its
flexibility, simplicity, and ease of use [118]. Significant steps in AHP
are constructing hierarchy, priority analysis and verification of con-
sistency. In AHP, firstly we need to develop a hierarchy of problem in
the graphical representation, followed by the construction of pairwise
comparison matrix, synthesis, consistency test, and overall priority
ranking (Ho, 2008). Zadeh [169] and Zimmermann [172] introduced
fuzzy logic in multi-attribute decision-making (MADM). To reduce
cumbersome computations of MADM methods, Chen and Hwang [30]
introduced fuzzy raking methods and fuzzy MADM methods. Fuzzy
MADM contained some methods to assess the relative importance of
multiple attributes. Some of the popular methods in Fuzzy MADM in-
cludes Fuzzy simple additive weighting method, Fuzzy AHP, Fuzzy
Maximin method, etc. Fuzzy AHP is more prevalent in researchers,

Fig. 1. Triangular membership function.
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some of the examples are automotive manufacturing [74], knowledge
management [157], supplier-buyer relationship [89], etc.

Author refined the version used by Cheng and Mon [31], Wichapa
and Khokhajaikiat [159], and Halder et al. [59] for steps used in Fuzzy
AHP as follows:

Step 1: Formulate aggregated fuzzy hierarchy matrix

Corresponding to the triangular fuzzy number, the scale of matrix A
is listed. All major diagonal elements are one as it compares criteria
with itself. For the rest of the values, fuzzy scale (n1, n2, n3) is listed.
Suppose criteria C1 against criteria C2 is listed as (2, 3, 4) shows C1 more
important than C2; then the corresponding value of C2 against C1 will be
(1/4, 1/3, 1/2). Thus based on the expert's opinion, the aggregated
matrix is formed as shown in Eq. (17).

=

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

F

f f f

f f f

f f f

. . . . . .
. . . . . . . . .

. . . . . .
. . . . . . . . .

. . . . . .

,

j m

i ij im

m mj mm

11 1 1

1

1 (17)

Step 2: Computation of geometric mean

The geometric mean of ‘m’ numbers is the mth root of the product of
those ‘m’ numbers. In triangular membership function, we need to
consider (ni / grade of membership) for each fuzzy number. Eq. (8)
gives a geometric mean for each criterion.

∏= ⎛

⎝
⎜

⎞

⎠
⎟

=

fijp
i

m

k
1

1/m

(18)

Step 3: Calculation of relative fuzzy weights

Based on the geometric mean of each criterion, fuzzy weight is
calculated by Eq. (9) given as.

= ⊕ ⊕ ⊕ … ⊕ −W p (p p .. p )j 1 1 2 m
1 (19)

After finding geometric summation mean of each pk, the inverse of
summation is calculated. Lastly, fuzzy weight is a multiplication of each
pk with this reverse vector.

Step 4: Calculation of non-fuzzy weight

Defuzzification is calculating the crisp (non-fuzzy) value. There are
various methods of defuzzification like centroid method, the min-max

method, the center of the area, etc. Based on the centre of the area
method, the non-fuzzy weight of Uj is calculated by Eq. (20) as.

= + +U (n W n W n3Wj)/3j 1 j 2 j (20)

Here the relative crisp weight of each criterion is the average of
fuzzy numbers.

Step 5: Determination of normalised weight

The non-fuzzy number Uj needs to be normalised for each criterion.
Eq. (11) calculates final score of each criterion by dividing criterion
weight by total summation of weights.

=
∑ =

V
Uj

(Uj)j
mj

1 (21)
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(22)

Where IFM matrix represents the weights of data for the final factors,
FA represents for factors. The loading/weights in Kahraman's (2008)
method applied regarding linguistic statements. However, in the pro-
posed tool, the weights are obtained from the modified fuzzy DEMATEL
approach whose main/final loading weights are crisp. It is also required
to allocate the weights of final factors to sub-factors. The WF matrix
which denotes the weights at the lower level of the hierarchy is ob-
tained by using the following equation;

=WF Z *Zff sf (23)

The final value calculated for each criterion as well each alternative
can be ranked so that decision-makers can take the decisions.

4. Method of analysis

Fig. 2 shows the adopted research methodology.

4.1. Study area

Industry ABC Pvt. Ltd. is a food processing industry situated on
Mumbai-Bangalore highway, India. The industry produces and deals
with different products such as dairy, bakery, beverage and fruits and
vegetable segments. In the dairy category, products such as butter,
ghee, milk, cheese, and cream. Bakery category deals with dairy-free

Fig. 2. Research methodology.
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cream and other byproducts. In the last category, beverage deals with
tea, tea bags, and other food items. In fruits and vegetables, fresh and
frozen products serve to national and international markets. Presently,
ABC Ltd. is more in fresh potatoes, apples, tomatoes, and dehydrated
onions and prawns. These all the products are packaged in the different
type of containers as well as different sizes of plastics polythene bags,
corrugated boxes, and tin cartons containers. The organisation has a
unique business model which stems from its detailed understanding of
the various business opportunities and challenges at every step of the
food supply chain, i.e., farm to fork. The organisation is committed to
helping farmers and growers find a suitable market for their production.

As the firm is working with 25 vendors, 400 progressive dairy and
fruits and vegetable farmers, 40 distant direct vendors, and various
village milk collection centres. The collection of raw milk from different
farmers and producers is around forty thousand, and for this purpose,
they have to travel near and around small villages and towns: everyday
raw milk collection and processed milk to collect and delivery within
100 km distance from the plant. To handle these complexities ABC Pvt.
Ltd. is considered for the case study.

Even though the supply chain team of ABC Ltd. have extensive and
vast experience, the amount of food loss and waste is quite consider-
able. Also, the reasonable cost of production and distribution opera-
tions is a concern for top management. The firm spread/distribute their
costs over different items and brands to bring better value to its cus-
tomers as well as suppliers. However, in the whole process, dairy and
bakery products are crucial and challenging products. The dairy, bev-
erage, and fruits and vegetable items are limited shelf life. The collec-
tion, transportation, storage, and inspection of the items is a trick and
complicated processes, including challenging distribution processes. In
the overall processes, the quality and on-time delivery are the two
significant challenges, and because of this reasons, the firms have
decided to outsource these activities to the cold-third party logistics
service provider (CTPLs).

4.2. Data collection and analysis

The top management and strategic team of the firm have formed an
expert team of ten associates to evaluate a trustworthy, reliable and
well-suited CTPLs provider with whom the firm can work a collabora-
tive work. The expert's team members are working in the field of CSCM
and having more than eight years of experience in the perishable food
industry. Based on the extensive literature review and expert's opinion,
five large category factors divided into thirty sub-factors were short-
listed for the evaluation and selection of CTPLs (Table 2). The core
experts committee then decided the relative weight of the filtered fac-
tors using theories of scientific criteria and Fuzzy-DEMATEL and fuzzy-
AHP as presented in methodology sections. These CTPLs (CTPL1,
CTPL2, CTPL3, and CTPL4) were rated using linguistic variables as
depicted in Table 2.

The pairwise comparative matrix for all the factors as formulated by
the expert's team based on the Eq. (8) as given in Table 3a (Pairwise
comparison of criteria). Table 3b represents the assessment inputs of
the scientific evaluation of the expert. Next, the initial normalised di-
rect relationship fuzzy matrix for the factors is achieved by Eq. (9).

By using , (11) and (12) fuzzy relative weight matrix for all criteria
are achieved and is shown in Table 4.

By using Eqs. (12) to (16).
The weights normalised matrix is determined by using the equation

no (21). Table 5 shows the cause and effect relationship matrix and
corresponding weights of the primary five factors. Obtaining the
weights of the main factors used further for calculating the sub-criteria
loading of each level of hierarchies. Table 6 shows the weights of each
sub-criteria and ranking accordingly. After causal and effect diagram
can be drawn by plotting the values of ROeCO and RO+CO, where
ROeCO is on X-axis and RO+CO is on Y-axis.

By using the Eqs. (17)–(22), the following values are obtained as
shown in Table 7.

5. Results and discussion

The weight values of five criteria and six service providers confirm
the most important criteria and most suitable service provider. Table 5
outcome show that rank of criteria ‘Refrigerator and loading capacity’ is
highest with a value of 0.216, followed by ‘Knowledge and Information
technology management’ (0.206), and ‘Maintenance Manage-
ment’(0.205).‘Budget and Government approvals’ (0.194) and ‘Safety,
security, comfort, convenience, and aesthetics’ (0.179) criteria found to
be least significant.

Referring to Table 6, the importance order of sub-factor is RELC1-
BGA1- MAM1- KITM1-SSCA1- MAM2. As an output, CTPL1 is the most
crucial player to win the bid for the logistics process of firm ABC Ltd.
CTPL1 is succeeded by CTPL2, CTPL3, CTPL4, CTPL6, and CTPL5. The
outcome of the results or ranking of these players because of its strength
on Refrigerator and loading capacity; Knowledge and Information
technology management; Maintenance Management; Budget and Gov-
ernment approvals; and Safety, security, comfort, convenience, and
aesthetics view.

Venkatesh et al. [154] identified Indian legislation, underdeveloped
technologies, lack of infrastructure, and lack of collaboration as a sig-
nificant barrier in the logistics supply chain. Patil and Kant [110] used
Fuzzy multi-criteria decision-making hybrid approach along with fuzzy
DEMATEL to conclude that knowledge management plays a significant

Table 2
Linguistics inputs for the rating of criteria.

S. no. Linguistic word Linguistics numbers

1. No (0, 1, 2)
2. Very Low (2,3,4)
3. Moderate (4,5,6)
4. High (6,7,8)
5. Very high (8,9,9)

Table 3a
Sample of expert's input (Linguistic words).

KITM BGA SSCA MAM RELC

KITM 0 VH VL H VH
BGA VL 0 VL VH VH
SSCA VH VL 0 H NO
MAM H VH M 0 H
RELC VH VH H H 0

Table 3b
Sample of expert's input (Linguistic numbers).

KITM BGA SSCA MAM RELC

KITM (0,0,0) (8,9,9) (2,3,4) (6,7,8) (8,9,9)
BGA (2,3,4) (0,0,0) (2,3,4) (8,9,9) (8,9,9)
SSCA (8,9,9) (2,3,4) (0,0,0) (6,7,8) (0,1,2)
MAM (6,7,8) (8,9,9) (4,5,6) (0,0,0) (6,7,8)
RELC (8,9,9) (8,9,9) (6,7,8) (6,7,8) (0,0,0)

Table 4
Initial normalised direct-relation fuzzy matrix.

KITM BGA SSCA MAM RELC

KITM 0 8.75 3 7 8.75
BGA 3 0 3 8.75 8.75
SSCA 8.75 3 0 7 1
MAM 7 8.75 5 0 7
RELC 8.75 8.75 7 7 0
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role in the adoption of the supply chain. Knowledge management helps
in proper distribution planning of the resources [21]. In developing
countries like India, lack of government policy, lack of farmers’
awareness and knowledge, and lack of technology are prominent for
sustainable food supply chain [130]. Knowledge management helps in
proper distribution planning of the resources [21]. In developing
countries like India, lack of government policy, lack of farmers’
awareness and knowledge, and lack of technology are prominent for
sustainable food supply chain [130].

Further, based on “ROeCO” values classifies criteria into two dis-
tinctive groups: “influential/cause” and “influenced/effect.” A positive
value of “ROeCO” indicates a cause parameter and criteria RELC

(0.755), KITM (0.264), and MAM (0.208) fall under cause category. A
negative value of “ROeCO” indicates an effect parameter, criteria SSCA
(−1.174), and BGA (−0.373) fall under effect category. The obtained
results are deliberated again with the subject experts to obtain insights
on the cause-effect parameters. It has helped to understand the effective
implementation of the CSCM.

The result of the Fuzzy DEMATEL – Fuzzy AHP analysis provides the
significance order of each criterion. One must note that improving one
or two criteria, overall system performance will not improve due to the
existent of inter-relationship between the criteria. Thus for making a
practical decision, criteria need to be categorised into the cause (in-
fluential) and effect (influenced) group. Further criteria were ranked to
understand necessary measures and sub-criteria. This section details
about influencing and influenced criteria, sub-criteria ranking, and
ranking of service providers as follows.

5.1. Influencing criteria

Three criteria are identified as influential and are considered ne-
cessary for effective CSCM of perishable fruits and vegetables.
Furthermore, the improvement in influencing criteria brings enhance-
ment in the other influenced criteria. The highest “ROeCO” score is
“Refrigerator and loading capacity” (RELC). Refrigeration is mainly
responsible for food quality and safety, which is non-negotiable.
“Refrigerator and loading capacity” is a collective responsibility of lo-
gistics provider, producer, government, and certification bodies. The
second highest influencing criterion between the identified criteria is
“Knowledge and Information technology management” (KITM).
According to Irani et al. [70], knowledge of stakeholders acts a positive
influence and recent up-gradation in technology is making an impact on
“Knowledge and Information technology management.” Based on
“ROeCO” score, the most influenced criteria is the “Safety, security,
comfort, convenience, and aesthetics view” (SSCA), as it is influenced
by the driver listed above.

5.2. Ranking of sub-criteria

Based on the analysis, the highest weight of sub-criteria is “Efficient
precooling and temperature variability-controlling equipment facility”
(RELC1). Precooling ensures fewer loads on the refrigeration system,
whereas advancements in sensor technologies have helped in better
control.

Increasing fuel prices affect the logistic cost, which is a concern of
supplier, retailer, and customer. It is indicated in this study with “Low
fuel consumption” (BGA1) rated as the second most significant sub-
criteria. Maintenance management can be enhanced with more number
of service stations and “Large numbers of the service station and ca-
pacity facilities” (MAM1) is rated the third most significant sub-criteria.
Recent advancements in the Internet of Things (IoT) has affected many
domains, and CSCM is not the exception. In this study “Inbuilt RFID
system” (KITM1) is rated the fourth most significant sub-factor.

Table 5
Total relationship (Cause and effect relationship) and weights of the factors.

KITM BGA SSCA MAM RELC RO ROeCO RO+CO weights V-weights Ranking

KITM 0.934 1.278 0.763 1.218 1.187 5.382 0.264 10.499 10.503 0.206 2.000
BGA 0.924 0.933 0.689 1.132 1.067 4.745 −0.373 9.863 9.870 0.194 4.000
SSCA 0.911 0.863 0.484 0.938 0.748 3.944 −1.174 9.061 9.137 0.179 5.000
MAM 1.107 1.261 0.799 1.026 1.133 5.326 0.208 10.444 10.446 0.205 3.000
RELC 1.242 1.364 0.911 1.312 1.044 5.873 0.755 10.991 11.016 0.216 1.000
CO 5.118 5.699 3.646 5.626 5.180 25.269 50.972 1.000

α=1.011

Table 6
Sub-criteria weights and ranking.

Sub-criteria Weights Ranking

RELC1 0.098 1
BGA1 0.089 2
MAM1 0.087 3
KITM1 0.079 4
SSCA1 0.079 5
MAM2 0.061 6
KITM2 0.057 7
SSCA2 0.053 8
BGA2 0.043 9
RELC2 0.041 10
RELC3 0.041 11
KITM3 0.040 12
BGA3 0.036 13
MAM3 0.030 14
SSCA3 0.026 15
RELC4 0.021 16
KITM4 0.014 17
MAM4 0.013 18
BGA4 0.012 19
SSCA4 0.009 20
RELC6 0.008 21
KITM5 0.008 22
KITM6 0.008 23
MAM6 0.007 24
BGA5 0.007 25
BGA6 0.007 26
RELC5 0.007 27
SSCA5 0.006 28
SSCA6 0.006 29
MAM5 0.006 30

Table 7
Final weights and ranking of the CTPLs.

Weights CTPL1 CTPL2 CTPL3 CTPL4 CTPL5 CTPL6

KITM 0.206 0.321 0.278 0.232 0.076 0.043 0.030
BGA 0.194 0.429 0.243 0.185 0.088 0.034 0.027
SSCA 0.179 0.397 0.152 0.212 0.072 0.036 0.036
MAM 0.205 0.373 0.299 0.159 0.069 0.029 0.035
RELC 0.216 0.298 0.228 0.228 0.176 0.034 0.020
Weights 0.361 0.242 0.203 0.098 0.035 0.029
Ranking 1 2 3 4 6 5

R.D. Raut, et al. Operations Research Perspectives 6 (2019) 100117

10



5.3. Ranking of service providers

As dynamics of the market environment or volatile market condi-
tions regarding volume and freshness/quality of the products, on-time
delivery, and government rules and regulations after one tax policy in
India, i.e., GST implementation process, SMART city, Make in India,
etc. CTPLs need to be active in relations of all these fluctuations. The
results indicate that the first top three players, i.e., CTLPs are working
very close to each other represents the sensitive environment of CSCM.
It also shows that CTPLs market condition is very competitive, and
within this environment to provide high-quality on-time delivery to the
customer at the minimum cost with maximum loading capacity, thus
giving an economic edge over its challenges.

Comparing the results with previous studies carried in different
countries is as follows. Baykasog˘lu et al. [13] study on truck selection
found maintenance as a significant factor, whereas factor comfort and
aesthetic least significant, which supports our study. Gunasekaran and
Negi [57] study signify the importance of knowledge and information
sharing to achieve agility in the supply chain. Irani et al. [70] found
social and people-level knowledge as a driver in the food supply chain.
However, a few findings of the present study contradict with previous
studies as follows. Studies of Kumar and Singh [82], Baykasog˘lu et al.
[13] found the economy aspect most significant, which contradict with
our result.

6. Conclusion

Evaluation and selection of CTPLs problem become more critical for
the effectiveness of the food supply chain. The selection of CTPLs is
depended on various factors. The factors and their hierarchies are
identified by one to one interaction with the experts of a food firm in
India. In this article, thirty sub-criteria clubbed into five broad cate-
gories, i.e., Knowledge and Information technology management;
Budget and Government approvals; Safety, security, comfort, con-
venience, and aesthetics view; Maintenance Management; Refrigerator
and loading capacity. The CSCM sector, CTPLs have to work in a very
volatile and uncertain fuzzy environment. That is the reason an in-
tegrated tool of Fuzzy –DEMATEL and Fuzzy-AHP has been explained
with the help of a real case from Indian fruits and vegetable industry,
i.e., the food industry. Fuzzy-DEMATEL is used to calculate the relative
weights of the various factors accepted for CTPLs selection and eva-
luation process in the CSCM. After determining the weights of the
qualifying factors, fuzzy-AHP is used to rank the six CTLPs (i.e., alter-
natives) for selecting the suitable CTLPs under volatile and fuzzy en-
vironment. This integrated tool includes the fuzziness related to real
industry problem decision, thus increasing the reliability and effec-
tiveness of the system.

6.1. Managerial implications

Developing countries like India must reduce perishable food losses
in the supply chain. The study is beneficial to the food industry to re-
duce loses. Professionals/managers involved in the supply chain cannot
focus on all criteria. Thus, they need to focus on significant drivers and
can extend the implementation to less significant drivers. The study
helps managers to take decisions on a service provider by under-
standing significant factors and sub-factors. The knowledge of criteria is
critical in the elimination of food loses, cost reduction, higher security,
and maintenance. The paper motivates practitioners of developing
economies for taking the initiatives towards implementation of the
productive system in the perishable food supply chain.

The paper provides a theoretical basis for selection of cold third-
party logistics by criteria and sub-criteria. The knowledge of criteria
can help 3PL provider to focus on essential facilities to be provided to
customers. Understanding the selecting criteria will improve the service
quality of 3 PL. This paper may assist various stakeholders of CSCM in

understanding the current status of perishable food products. This study
can be helpful to policymaker/government for evaluation of new and
existing policies. Policymakers can use findings of this study for a
reasonable basis by which the perishable food supply chain can be more
resilient. Policymaker can analyse/simulate the cause and effect criteria
group for the formulation of policies which can improve the perfor-
mance of CSCM. This study identifies the primary drivers and can be
utilised for developing a framework of Halal supply chain, bulk gain
supply chain, food supply chain, etc.

6.2. Limitations and future scope of the study

The study is based on inputs from expert's team members of CSCM;
however, the expert's opinion can be biased, which may affect the
outcomes. In this paper, only five criteria with a total of thirty sub-
criteria were deliberated for analysis. Some other criteria/sub-criteria
in the context of a diverse country can be involved in further analysis.
As this study has been carried out in the Indian context, appropriate
modifications are needed to apply it to other developing economies.
Findings between other developing economies can be compared to
draw necessary inferences. Also, this study is focused on the CSCM of
vegetable and fruits; it can be expended for the meat supply chain, fish
supply chain, and Halal supply chain.

The methodology adopted for analysis is Fuzzy DEMATEL and Fuzzy
AHP. The adopted methodology has limitations such as MCDM methods
like VIKOR and GRA considers a target level of choices. Further ap-
proaches like TOPSIS, ISM, etc. along with Fuzzy AHP, Fuzzy DEMATEL
can enhance the accuracy and reliability of the proposed study. Also use
of Fuzzy cognitive map [70], and fuzzy heuristic logic [162] can help in
identifying simultaneous interrelationships and enhancing robustness
respectively. Grey DEMATEL with sensitivity analysis can be used to
eliminate potential bias [171].

Further, pricing decision with closed-loop supply chain with
random demand and random yield can be incorporated [51,124]. Also,
the influence of Industry 4.0 on food supply chain needs to be in-
vestigated [108]. In a future study, the proposed model can be vali-
dated using a structural equation modelling approach.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.orp.2019.100117.

References

[1] Aghazadeh SM. How to choose an effective third party logistics provider. Manage
Res News 2003;26(7):50–8.

[2] Agrawal S, Singh RK, Murtaza Q. Outsourcing decisions in reverse logistics: sus-
tainable balanced scorecard and graph theoretic approach. Resour Conserv Recycl
2016;108:41–53.

[3] Aguezzoul A. Third-party logistics selection problem: a literature review on criteria
and methods. Omega (Westport) 2014;49:69–78.

[4] Ali I, Nagalingam S, Gurd B. A resilience model for cold chain logistics of per-
ishable products. Int J Logist Manage 2018;29(3):922–41.

[5] Allaoui H, Guo Y, Choudhary A, Bloemhof J. Sustainable agro-food supply chain
design using two-stage hybrid multi-objective decision-making approach. Comput
Oper Res 2018;89:369–84.

[6] Andersson D, Norrman A. Procurement of logistics services—a minutes work or a
multi-year project? Eur J Purchas Supply Manage 2002;8(1):3–14.

[7] Artiuch P, Kornstein S. Sustainable approaches to reducing food waste in India. J
MA Inst Tech 2012;10.

[8] Asadi G, Hosseini E. Cold supply chain management in processing of food and
agricultural products. Sci Pap Ser D Anim Sci 2014;57:223–7.

[9] Awasthi A, Grzybowska K. Barriers of the supply chain integration process.
Logistics Operations, Supply Chain Management and Sustainability. Springer;
2014. p. 15–30.

[10] Awasthi A, Govindan K, Gold S. Multi-tier sustainable global supplier selection
using a fuzzy AHP-VIKOR based approach. Int J Prod Econ 2018;195:106–17.

[11] Azadi M, Saen RF. A new chance-constrained data envelopment analysis for se-
lecting third-party reverse logistics providers in the existence of dual-role factors.
Expert Syst Appl 2011;38(10):12231–6.

[12] Banaeian N, Mobli H, Fahimnia B, Nielsen IE, Omid M. Green supplier selection
using fuzzy group decision making methods: a case study from the agri-food

R.D. Raut, et al. Operations Research Perspectives 6 (2019) 100117

11

https://doi.org/10.1016/j.orp.2019.100117
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0001
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0001
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0002
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0002
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0002
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0003
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0003
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0004
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0004
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0005
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0005
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0005
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0006
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0006
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0007
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0007
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0008
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0008
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0009
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0009
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0009
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0010
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0010
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0011
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0011
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0011
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0012
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0012


industry. Comput Oper Res 2018;89:337–47.
[13] BaykasoğLu A, KaplanoğLu V, DurmuşOğLu ZD, ŞAhin C. Integrating fuzzy

DEMATEL and fuzzy hierarchical TOPSIS methods for truck selection. Expert Syst
Appl 2013;40(3):899–907.

[14] Beasley S. The current state of the cold chain in the Philippines. US Dep Agri Trade
Invest Prog Food Indust Div Foreign Agri Serv 1998;10:251–6.

[16] Bhatnagar A, Vrat P, Shankar R. Multi-criteria clustering analytics for agro-based
perishables in cold-chain. J Adv Manage Res 2019.

[17] Blanco AM, Masini G, Petracci N, Bandoni JA. Operations management of a
packaging plant in the fruit industry. J Food Eng 2005;70(3):299–307.

[18] Bogataj M, Bogataj L, Vodopivec R. Stability of perishable goods in cold logistic
chains. Int J Prod Econ 2005;93:345–56.

[19] Bowersox DJ, Closs DJ. Logistical management: the integrated supply chain pro-
cess. New York: McGraw-Hill Companies; 1996.

[20] Brandenburg M, Rebs T. Sustainable supply chain management: a modeling per-
spective. Ann Oper Res 2015;229(1):213–52.

[21] Bredström D, Haugen K, Olstad A, Novotný J. A mixed integer linear programming
model applied in barge planning for Omya. Operat Res Perspect 2015;2:150–5.

[22] Bremer P. Towards a reference model for the cold chain. Int J Logist Manage
2018;29(3):822–38.

[23] Briggs E, Landry TD, Daugherty PJ. Investigating the influence of velocity per-
formance on satisfaction with third party logistics service. Indust Market Manage
2010;39(4):640–9.

[24] Büyüközkan G, Feyzioğlu O, Nebol E. Selection of the strategic alliance partner in
logistics value chain. Int J Prod Econ 2008;113(1):148–58.

[26] Cai X, Chen J, Xiao Y, Xu X, Yu G. Fresh-product supply chain management with
logistics outsourcing. Omega (Westport) 2013;41(4):752–65.

[27] Cerchione R, Singh R, Centobelli P, Shabani A. Food cold chain management: from
a structured literature review to a conceptual framework and research agenda. Int
J Logist Manage 2018;29(3):792–821.

[28] Chandraprakaikul W, Suebpongsakorn A. Evaluation of logistics companies using
data envelopment analysis. Logistics and Industrial Informatics (LINDI), 2012 4th
IEEE International Symposium on. IEEE; 2012. p. 81–6.

[29] Chaudhuri A, Dukovska-Popovska I, Subramanian N, Chan HK, Bai R. Decision-
making in cold chain logistics using data analytics: a literature review. Int J Logist
Manage 2018;29(3):839–61.

[30] Chen SJ, Hwang CL. Fuzzy multiple attribute decision making methods. Fuzzy
multiple attribute decision making. Springer; 1992. p. 289–486.

[31] Cheng CH, Mon DL. Evaluating weapon system by analytical hierarchy process
based on fuzzy scales. Fuzzy Sets Syst 1994;63(1):1–10.

[32] Choy KL, Chow HKH, Tan KH, Chan CK, Mok ECM, Wang Q. Leveraging the supply
chain flexibility of third party logistics-hybrid knowledge based system approach.
Expert Syst Appl 2008;35(4):1998–2016.

[33] Coulomb D. Refrigeration and cold chain serving the global food industry and
creating a better future: two key IIR challenges for improved health and en-
vironment. Trends Food Sci Technol 2008;19(8):413–7.

[34] Dalalah D, Hayajneh M, Batieha F. A fuzzy multi-criteria decision making model
for supplier selection. Expert Syst Appl 2011;38(7):8384–91.

[35] Edwards-Jones G, i Canals LM, Hounsome N, Truninger M, Koerber G, Hounsome
B, Harris IM. Testing the assertion that ‘local food is best’: the challenges of an
evidence-based approach. Trends Food Sci Technol 2008;19(5):265–74.

[36] Efendigil T, Önüt S, Kongar E. A holistic approach for selecting a third-party re-
verse logistics provider in the presence of vagueness. Comp Indust Eng
2008;54(2):269–87.

[37] Elhedhli S, Wang Y, Saif A. Service system design with immobile servers, stochastic
demand and concave-cost capacity selection. Comput Oper Res 2018;94:65–75.

[38] Estrada-Flores S, Tanner DJ, Amos ND. Cold chain management during transport
of perishable products. Food Aust 2002;54(7):268–70.

[39] Falsini D, Fondi F, Schiraldi MM. A logistics provider evaluation and selection
methodology based on AHP, DEA and linear programming integration. Int J Prod
Res 2012;50(17):4822–9.

[40] FAO. 2011. Global food losses and food waste – extent, causes and prevention.
Available from: http://www.fao.org/docrep/014/mb060e/mb060e.pdf. Accessed
2018 August 02.

[41] Fawcett SE, Smith SR. Logistics measurement and performance for United States-
Mexican operations under NAFTA. Transp J 1995:25–34.

[42] Fearne A, Hughes D. Success factors in the fresh produce supply chain: insights
from the UK. Supply Chain Manage Int J 1999;4(3):120–31.

[43] Fearne A, Barrow S, Schulenberg D. Implanting the benefits of buyer-supplier
collaboration in the soft fruit sector. Supply Chain Manage Int J 2006;11(1):3–5.

[44] Folinas D, Manikas I, Manos B. Traceability data management for food chains. Br
Food J 2006;108(8):622–33.

[45] Fonseca JM, Vergara N. Logistics systems need to scale up reduction of produce
losses in the Latin America and Caribbean region. III International Conference on
Postharvest and Quality Management of Horticultural Products of Interest for
Tropical Regions 1047. 2013. p. 173–9.

[46] Fontela, E., & Gabus, A. (1976). The DEMATEL observer, DEMATEL 1976 report.
Switzerland Geneva: Battelle Geneva Research Center.

[47] Fu P, Yin H. Logistics enterprise evaluation model based on fuzzy clustering
analysis. Phys Procedia 2012;24(C):1583–7.

[48] FUSIONS. 2016. Estimates of European food waste levels. Available from: http://
www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European
%20food%20waste%20levels.pdf. Accessed 2018 August 02.

[49] Gabus A, Fontela E. World problems, an invitation to further thought within the
framework of DEMATEL. Switzerland: Geneva: Battelle Geneva Research Centre;
1972.

[50] Gabus, A., & Fontela, E. (1973). Perceptions of the world problematique:
Communication procedure, communicating with those bearing collective respon-
sibility (DEMATEL report no. 1). Switzerland Geneva: Battelle Geneva Research
Centre.

[51] Gan SS, Pujawan IN, Widodo B. Pricing decisions for short life-cycle product in a
closed-loop supply chain with random yield and random demands. Operat Res
Perspect 2018;5:174–90.

[52] Gogou E, Katsaros G, Derens E, Alvarez G, Taoukis PS. Cold chain database de-
velopment and application as a tool for the cold chain management and food
quality evaluation. Int J Refrig 2015;52:109–21.

[53] Göl H, Çatay B. Third-party logistics provider selection: insights from a Turkish
automotive company. Supply Chain Manage Int J 2007;12(6):379–84.

[55] Gunasekaran A, editor. Knowledge and information technology management:
human and social perspectives: human and social perspectives. IGI Global; 2002.

[57] Gunasekaran A, Ngai EWT. Information systems in supply chain integration and
management. Eur J Oper Res 2004;159(2):269–95.

[59] Haldar A, Qamaruddin U, Raut R, Kamble S, Kharat MG, Kamble SJ. 3PL eva-
luation and selection using integrated analytical modeling. J Model Manage
2017;12(2):224–42.

[60] Halloran A, Clement J, Kornum N, Bucatariu C, Magid J. Addressing food waste
reduction in Denmark. Food Policy 2014;49:294–301.

[61] Hamprecht J, Corsten D, Noll M, Meier E. Controlling the sustainability of food
supply chains. Supply Chain Manage Int J 2005;10(1):7–10.

[62] Heydari A, Akbari OA, Safaei MR, Derakhshani M, Alrashed AA, Mashayekhi R,
Nguyen TK. The effect of attack angle of triangular ribs on heat transfer of na-
nofluids in a microchannel. J Therm Anal Calorim 2018;131(3):2893–912.

[63] Ho W, He T, Lee CKM, Emrouznejad A. Strategic logistics outsourcing: an in-
tegrated QFD and fuzzy AHP approach. Expert Syst Appl 2012;39(12):10841–50.

[64] Hsiao YH, Chen MC, Lu KY, Chin CL. Last-mile distribution planning for fruit-and-
vegetable cold chains. Int J Logist Manage 2018;29(3):862–86.

[70] Irani Z, Sharif AM, Lee H, Aktas E, Topaloğlu Z, van't Wout T, Huda S. Managing
food security through food waste and loss: small data to big data. Comput Oper Res
2018;98:367–83.

[71] Jahre M, Hatteland CJ. Packages and physical distribution implications for in-
tegration and standardization. Int J Phys Distribut Logist Manage
2004;34(2):123–39.

[72] Joshi R, Banwet DK, Shankar R. A Delphi-AHP-TOPSIS based benchmarking fra-
mework for performance improvement of a cold chain. Expert Syst Appl
2011;38(8):10170–82.

[73] Kader AA. Recent advances and future research needs in postharvest technology of
fruits. Bull Int Inst Refrig 2001:3–13. 2001.

[74] Kahraman C, Beskese A, Kaya I. Selection among ERP outsourcing alternatives
using a fuzzy multi-criteria decision making methodology. Int J Prod Res
2010;48(2):547–66.

[75] Kannan D. Role of multiple stakeholders and the critical success factor theory for
the sustainable supplier selection process. Int J Prod Econ 2018;195:391–418.

[76] Kaur J, Sidhu R, Awasthi A, Chauhan S, Goyal S. A DEMATEL based approach for
investigating barriers in green supply chain management in Canadian manu-
facturing firms. Int J Prod Res 2018;56(1–2):312–32.

[77] Khan SAR, Qianli D, Zhang Y. Traditional supply chain vs. cold chain: contribution
in global carbon emissions. Am J Traffic Transp Eng 2017;2(6):97–103.

[79] Knemeyer AM, Murphy PR. Evaluating the performance of third‐party logistics
arrangements: a relationship marketing perspective. J Supply Chain Manage
2004;40(4):35–51.

[80] Korpela J, Tuominen M. A decision aid in warehouse site selection. Int J Prod Econ
1996;45(1–3):169–80.

[81] Kozarević S, Puška A. Use of fuzzy logic for measuring practices and performances
of supply chain. Oper Res Perspect 2018;5:150–60.

[82] Kumar P, Singh RK. A fuzzy AHP and TOPSIS methodology to evaluate global 3PL.
J Model Manage 2012;7(3):287–303.

[83] Kumar R, Reintz HW, Simunovic J, Sandeep KP, Franzon PD. .Overview of RFID
technology and its applications in the food industry. J. Food Sci. 2009;74(8):101–6.

[84] Kuo JC, Chen MC. Developing an advanced multi-temperature joint distribution
system for the food cold chain. Food Control 2010;21(4):559–66.

[85] Labuza TP. Shelf-life dating of foods. Food & Nutrition Press, Inc; 1982.
[86] Lambert DM, Cooper MC. Issues in supply chain management. Indust Market

Manage 2000;29(1):65–83.
[87] Large RO, Kramer N, Hartmann RK. Customer-specific adaptation by providers and

their perception of 3PL-relationship success. Int J Phys Distrib Logist Manage
2011;41(9):822–38.

[88] Lebersorger S, Schneider F. Food loss rates at the food retail, influencing factors
and reasons as a basis for waste prevention measures. Waste Manage (Oxford)
2014;34(11):1911–9.

[89] Lee AH. A fuzzy AHP evaluation model for buyer–supplier relationships with the
consideration of benefits, opportunities, costs and risks. Int J Prod Res
2009;47(15):4255–80.

[90] Li YL, Ying CS, Chin KS, Yang HT, Xu J. Third-party reverse logistics provider
selection approach based on hybrid-information MCDM and cumulative prospect
theory. J Clean Prod 2018.

[92] Manning K, Tör M, Poole M, Hong Y, Thompson AJ, King GJ, Seymour GB. A
naturally occurring epigenetic mutation in a gene encoding an SBP-box tran-
scription factor inhibits tomato fruit ripening. Nat Genet 2006;38(8):948.

[93] Manoj UV, Gupta JND, Gupta SK, Sriskandarajah C. Supply chain scheduling: just-
in-time environment. Ann Oper Res 2008;161(1):53–86.

[94] Manzini R, Accorsi R. The new conceptual framework for food supply chain as-
sessment. J Food Eng 2013;115(2):251–63.

[95] McGinnis M, Kochunny C, Ackerman K. Third party logistics choice. Int J Logist
Manage 1995;6(2):93–102.

[96] Menon M, McGinnis M, Ackerman K. Selection criteria for providers of third-party
logistics services: an exploratory study. J Busi Logist 1998;19(1):121–37.

[97] Mercier S, Villeneuve S, Mondor M, Uysal I. Time–temperature management along
the food cold chain: a review of recent developments. Comprehens Rev Food Sci
Food Safety 2017;16(4):647–67.

[98] Miller T, Peters E, Gupta V, Bode O. A logistics deployment decision support

R.D. Raut, et al. Operations Research Perspectives 6 (2019) 100117

12

http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0012
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0013
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0013
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0013
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0014
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0014
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0016
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0016
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0017
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0017
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0018
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0018
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0019
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0019
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0020
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0020
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0021
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0021
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0022
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0022
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0023
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0023
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0023
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0024
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0024
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0026
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0026
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0027
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0027
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0027
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0028
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0028
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0028
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0029
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0029
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0029
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0030
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0030
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0031
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0031
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0032
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0032
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0032
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0033
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0033
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0033
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0034
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0034
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0035
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0035
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0035
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0036
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0036
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0036
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0037
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0037
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0038
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0038
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0039
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0039
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0039
http://www.fao.org/docrep/014/mb060e/
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0040
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0040
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0041
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0041
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0042
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0042
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0043
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0043
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0044
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0044
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0044
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0044
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0045
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0045
http://www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European%20food%20waste%20levels.pdf
http://www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European%20food%20waste%20levels.pdf
http://www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European%20food%20waste%20levels.pdf
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0046
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0046
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0046
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0047
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0047
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0047
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0048
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0048
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0048
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0049
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0049
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0051
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0051
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0053
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0053
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0055
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0055
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0055
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0056
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0056
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0057
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0057
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0058
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0058
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0058
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0059
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0059
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0060
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0060
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0061
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0061
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0061
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0062
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0062
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0062
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0063
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0063
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0063
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0064
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0064
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0065
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0065
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0065
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0066
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0066
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0067
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0067
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0067
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0068
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0068
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0070
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0070
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0070
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0071
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0071
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0072
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0072
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0073
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0073
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0074
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0074
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0075
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0075
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0076
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0077
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0077
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0078
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0078
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0078
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0079
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0079
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0079
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0080
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0080
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0080
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0081
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0081
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0081
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0083
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0083
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0083
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0084
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0084
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0085
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0085
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0086
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0086
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0087
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0087
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0088
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0088
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0088
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0089


system at Pfizer. Ann Oper Res 2013;203(1):81–99.
[99] Moberg CR, Speh TW. Third-party warehousing selection: a comparison of national

and regional firms. Am J Busi 2004;19(2):71–6.
[100] Momeni E, Azadi M, Saen RF. Measuring the efficiency of third party reverse

logistics provider in supply chain by multi objective additive network DEA
model. Int J Ship Transp Logist 2015;7(1):21–41.

[101] Montanari R. Cold chain tracking: a managerial perspective. Trends Food Sci
Technol 2008;19:425–31.

[102] Morash EA, Droge CL, Vickery SK. Strategic logistics capabilities for competitive
advantage and firm success. J Busi Logist 1996;17(1):1.

[103] Mortensen O, Lemoine OW. Integration between manufacturers and third party
logistics providers? Int J Oper Prod Manage 2008;28(4):331–59.

[104] Naik G, Suresh DN. Challenges of creating sustainable agri-retail supply chains.
IIMB Manage Rev 2018.

[105] Nakandala D, Lau H, Zhang J. Cost-optimization modelling for fresh food quality
and transportation. Indust Manage Data Syst 2016;116(3):564–83.

[106] Negi S, Anand N. Wastage and cold chain infrastructure relationship in Indian
food supply chain: a study from farm to retail. Supply Chain Management
Strategies and Risk Assessment in Retail Environments. IGI Global; 2018. p.
247–66.

[107] NRDC. 2012. Wasted: how America is losing up to 40 percent of its food from
farm to fork to landfill. Available from: https://www.nrdc.org/sites/default/
files/wasted-food-IP.pdf.Accessed 02 August 2018.

[108] Ojo OO, Shah S, Coutroubis A, Jiménez MT, Ocana YM. Potential impact of in-
dustry 4.0 in sustainable food supply chain environment. 2018 IEEE International
Conference on Technology Management, Operations and Decisions (ICTMOD).
IEEE; 2019. p. 172–7.

[109] Omta SWFO, Trienekens J, Beers G. Chain and network science: a research fra-
mework. J Chain Netw Sci 2001;1(1):1–6.

[110] Patil SK, Kant R. A hybrid approach based on fuzzy DEMATEL and FMCDM to
predict success of knowledge management adoption in supply chain. Appl Soft
Comput 2014;18:126–35.

[111] Peng J. Selection of logistics outsourcing service suppliers based on AHP. Energy
Procedia 2012;17:595–601.

[112] Principato L, Secondi L, Pratesi CA. Reducing food waste: an investigation on the
behaviour of Italian youths. Br Food J 2015;117(2):731–48.

[114] ReFED. 2015. The multi-billion dollar food waste problem. Available from: http://
www.refed.com/?sort=economic-value-per-ton. Accessed 2018 August 02.

[115] Regattieri A, Gamberi M, Manzini R. Traceability of food products: general fra-
mework and experimental evidence. J Food Eng 2007;81(2):347–56.

[116] Rijswijk WV, Frewer LJ. Consumer perceptions of food quality and safety and their
relation to traceability. Br Food J 2008;110(10):1034–46.

[117] Rong A, Akkerman R, Grunow M. An optimization approach for managing fresh
food quality throughout the supply chain. Int J Prod Econ 2011;131(1):421–9.

[118] Saaty TL. The analytic hierarchy process. New York, NY: McGraw-Hill; 1980.
[119] Sadiq Sohail M, Saad Al-Abdali O. The usage of third party logistics in Saudi

Arabia: current position and future prospects. Int J Phys Distrib Logist Manage
2005;35(9):637–53.

[120] Saen RF. A decision model for selecting third-party reverse logistics providers in
the presence of both dual-role factors and imprecise data. Asia-Pacific J Oper Res
2011;28(02):239–54.

[121] Sahay BS, Mohan R. 3PL practices: an Indian perspective. Int J Phys Distrib Logist
Manage 2006;36(9):666–89.

[122] Sahin E, Zied Babaï M, Dallery Y, Vaillant R. Ensuring supply chain safety through
time temperature integrators. Int J Logist Manage 2007;18(1):102–24.

[123] Salin V, Nayga Jr RM. A cold chain network for food exports to developing
countries. Int J Phys Distrib Logist Manage 2003;33(10):918–33.

[124] Gan San, S. Pujawan, N. I, Widodo B. Pricing decision model for new and re-
manufactured short-life cycle products with time-dependent demand. Oper Res
Perspect 2015;2:1–12.

[125] Sangam VK. Global logistics outsourcing trends: challenges in managing 3PL re-
lationship. Palmerston:Massey University; 2004.

[126] Sargent SA, Ritenour MA, Brecht JK, BARTZ J. Handling, cooling and sanitation
techniques for maintaining postharvest quality. University of Florida Cooperative
Extension Service, Institute of Food and Agriculture Sciences, EDIS; 2000.

[128] Senthil S, Srirangacharyulu B, Ramesh A. A robust hybrid multi-criteria decision
making methodology for contractor evaluation and selection in third-party reverse
logistics. Expert Syst Appl 2014;41(1):50–8.

[129] Shabani A, Torabipour SMR, Saen RF. A new super-efficiency dual-role FDH
procedure: an application in dairy cold chain for vehicle selection. Int J Ship Transp
Logist 2015;7(4):426–56.

[130] Sharma YK, Mangla SK, Patil PP, Liu S. When challenges impede the process: for
circular economy-driven sustainability practices in food supply chain. Manage
Decis 2019.

[131] Shi Y, Zhang A, Arthanari T, Liu Y, Cheng TCE. Third-party purchase: an empirical
study of third-party logistics providers in China. Int J Prod Econ
2016;171:189–200.

[132] Singh AK, Subramanian N, Pawar KS, Bai R. Cold chain configuration design: lo-
cation-allocation decision-making using coordination, value deterioration, and big
data approximation. Ann Oper Res 2018;270(1–2):433–57.

[133] Singh RK, Sharma MK. Selecting competitive supply chain using fuzzy AHP and
extent analysis. J Indust Prod Eng 2014;31(8):524–38.

[134] Singh RK, Gunasekaran A, Kumar P. Third party logistics (3PL) selection for cold

chain management: a fuzzy AHP and fuzzy TOPSIS approach. Ann Oper Res
2017:1–23.

[135] So SH, Kim J, Cheong K, Cho G. Evaluating the service quality of third-party lo-
gistics service providers using the analytic hierarchy process. JISTEM-J Inform Syst
Tech Manage 2006;3(3):261–70.

[136] Spencer MS, Rogers DS, Daugherty PJ. JIT systems and external logistics suppliers.
Int J Oper Prod Manage 1994;14(6):60–74.

[137] Stank TP, Maltz AB. Some propositions on third party choice: domestic vs. inter-
national logistics providers. J Market Theo Pract 1996;4(2):45–54.

[138] Sun X, Liang Y, de Kong F. Construction and development strategy of third party
cold chain logistics system in Jilin province based on financial risk. IOP
Conference Series: Materials Science and Engineering. 452. IOP Publishing;
2018:032025.

[139] Sureeyatanapas P, Poophiukhok P, Pathumnakul S. Green initiatives for logistics
service providers: an investigation of antecedent factors and the contributions to
corporate goals. J Clean Prod 2018;191:1–14.

[140] Sureeyatanapas P, Sriwattananusart K, Niyamosoth T, Sessomboon W, Arunyanart
S. Supplier selection towards uncertain and unavailable information: an extension
of TOPSIS method. Oper Res Perspect 2018;5:69–79.

[141] Taoukis PS, Koutsoumanis K, Nychas GJE. Use of time–temperature integrators
and predictive modelling for shelf life control of chilled fish under dynamic sto-
rage conditions. Int. J. Food Microbiol. 1999;53(1):21–31.

[142] Taylor DH, Fearne A. Towards a framework for improvement in the management
of demand in agri-food supply chains. Supply Chain Manage Int J
2006;11(5):379–84.

[143] Thakkar J, Deshmukh SG, Gupta AD, Shankar R. Selection of third party logistics
(3PL): a hybrid approach using interpretive structural modeling (ISM) and analytic
network process (ANP). Supply Chain Forum Int J 2005;6(1):32–46.

[145] Ting, C.J., & Fang, H.L. (2010). Using data envelop.oaddevment analysis to
evaluate the performance of third party distribution centers.

[148] Trienekens J, Zuurbier P. Quality and safety standards in the food industry, de-
velopments and challenges. Int J Prod Econ 2008;113(1):107–22.

[150] Van Der Vorst JG, Tromp SO, Zee DJVD. Simulation modelling for food supply
chain redesign; integrated decision making on product quality, sustainability and
logistics. Int J Prod Res 2009;47(23):6611–31.

[151] Van Der Vorst, J.G., van Kooten, O., Marcelis, W.J., Luning, P.A., & Beulens, A.J.
(2007). Quality controlled logistics in food supply chain networks: integrated
decision-making on quality and logistics to meet advanced customer demands.

[152] Van Donselaar K, van Woensel T, Broekmeulen RACM, Fransoo J. Inventory
control of perishables in supermarkets. Int J Prod Econ 2006;104(2):462–72.

[153] Venkatesh VG, Bhattacharya S, Sethi M, Dua S. Performance measurement of
sustainable third party reverse logistics provider by data envelopment analysis: a
case study of an Indian apparel manufacturing group. Int J Automat Logist
2015;1(3):273–93.

[154] Venkatesh VG, Zhang A, Luthra S, Dubey R, Subramanian N, Mangla S. Barriers to
coastal shipping development: an indian perspective. Transp Res Part D Transp
Environ 2017;52:362–78.

[155] Visani F, Barbieri P, Di Lascio FML, Raffoni A, Vigo D. Supplier's total cost of
ownership evaluation: a data envelopment analysis approach. Omega (Westport)
2016;61:141–54.

[156] Vrat P, Gupta R, Bhatnagar A, Pathak DK, Fulzele V. Literature review analytics
(LRA) on sustainable cold-chain for perishable food products: research trends and
future directions. OPSEARCH 2018;55(3–4):601–27.

[157] Wang TC, Chang TH. Application of consistent fuzzy preference relations in pre-
dicting the success of knowledge management implementation. Eur J Oper Res
2007;182(3):1313–29.

[158] Watkins CB. Transport of fresh produce. Encycl Appl Plant Sci 2016:351.
[159] Wichapa N, Khokhajaikiat P. Solving multi-objective facility location problem

using the fuzzy analytical hierarchy process and goal programming: a case study
on infectious waste disposal centers. Oper Res Perspect 2017;4:39–48.

[162] Xiang X, Yu C, Zhang Q. Robust fuzzy 3D path following for autonomous under-
water vehicle subject to uncertainties. Comput Oper Res 2017;84:165–77.

[163] Yadavalli VS, Darbari JD, Bhayana N, Jha PC, Agarwal V. An integrated optimi-
zation model for selection of sustainable suppliers based on customers’ expecta-
tions. Oper Res Perspect 2019:100113.

[164] Yan H. Fruit cold chain logistics and customer experience value creation of third
party e-commerce platform. Archivos Latinoamericanos de Nutrición 2018;68(4).

[165] Yao JS, Wu K. Ranking fuzzy numbers based on decomposition principle and
signed distance. Fuzzy Sets Syst 2000;116(2):275–88.

[166] Yeung AC. The impact of third-party logistics performance on the logistics and
export performance of users: an empirical study. Maritime Econ Logist
2006;8(2):121–39.

[167] Young L.2012. Our biggest problem? We're wasting food. Available from: http://
www.canadiangrocer.com/top-stories/what-a-waste-19736. Accessed 02 August
2018.

[168] Zadeh LA. Probability measures of fuzzy events. J Math Anal Appl
1968;23(2):421–7.

[169] Zadeh LA. The concept of a linguistic variable and its application to approximate
reasoning—I. Inf Sci (NY) 1975;8(3):199–249.

[171] Zhu Q, Sarkis J, Lai KH. Reprint of “Supply chain-based barriers for truck-engine
remanufacturing in China”. Transp Res Part E Logist Transp Rev 2015;74:94–108.

[172] Zimmermann HJ. Fuzzy programming and linear programming with several ob-
jective functions. Fuzzy Sets Syst 1978;1(1):45–55.

R.D. Raut, et al. Operations Research Perspectives 6 (2019) 100117

13

http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0089
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0090
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0090
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0091
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0091
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0091
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0092
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0092
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0093
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0093
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0094
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0094
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0095
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0095
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0096
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0096
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0097
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0097
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0097
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0097
https://www.nrdc.org/
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0098
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0098
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0098
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0098
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0099
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0099
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0100
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0100
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0100
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0101
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0101
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0102
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0102
http://www.refed.com/?sort=economic-value-per-ton
http://www.refed.com/?sort=economic-value-per-ton
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0104
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0104
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0105
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0105
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0106
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0106
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0107
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0108
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0108
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0108
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0109
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0109
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0109
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0110
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0110
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0111
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0111
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0112
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0112
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0113
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0113
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0113
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0114
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0114
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0115
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0115
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0115
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0117
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0117
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0117
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0118
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0118
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0118
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0119
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0119
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0119
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0120
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0120
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0120
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0121
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0121
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0121
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0122
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0122
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0123
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0123
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0123
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0124
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0124
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0124
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0125
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0125
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0126
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0126
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0127
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0127
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0127
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0127
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0128
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0128
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0128
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0129
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0129
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0129
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0130
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0130
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0130
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0131
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0131
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0131
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0132
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0132
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0132
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0135
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0135
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0137
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0137
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0137
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0138
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0138
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0139
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0139
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0139
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0139
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0140
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0140
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0140
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0141
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0141
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0141
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0142
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0142
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0142
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0143
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0143
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0143
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0144
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0145
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0145
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0145
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0147
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0147
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0148
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0148
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0148
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0149
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0149
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0150
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0150
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0151
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0151
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0151
http://www.canadiangrocer.com/top-stories/what-a-waste-19736
http://www.canadiangrocer.com/top-stories/what-a-waste-19736
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0152
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0152
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0153
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0153
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0155
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0155
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0156
http://refhub.elsevier.com/S2214-7160(19)30002-8/sbref0156

	Improvement in the food losses in fruits and vegetable supply chain - a perspective of cold third-party logistics approach
	Introduction
	Literature review
	Cold supply chain management (CSCM)
	Third-party logistics evaluation criteria
	Tools and techniques used in the evaluation and selection 3PL
	Research gaps

	Theoretical grounds of fuzzy DEMATEL and fuzzy AHP method
	Fuzzy theory
	DEMATEL model
	Fuzzy DEMATEL analysis
	Fuzzy AHP model

	Method of analysis
	Study area
	Data collection and analysis

	Results and discussion
	Influencing criteria
	Ranking of sub-criteria
	Ranking of service providers

	Conclusion
	Managerial implications
	Limitations and future scope of the study

	Supplementary materials
	References




