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Wepresentaliteraturereviewonqualityandoperationsmanagementproblemsinfoodsupplychains. Infoodindustry,the
quality of the food products declines over time and should be addressed in the supply chain operations
management. Managing food supply chains with operations management methods not only generates economic
benefit, but also contributes to environmental
andsocialbenefits. Theliteratureonthistopichasbeenburgeoninginthepastfewyears.Since2005,morethan100articles
have
beenpublishedonthistopicinmajoroperationsresearchandmanagementsciencejournals. Inthisliteraturereview,weco
ncentrate on the quantitative models in this research field and classify the related articles into four categories,
that is, storage problems,
distributionproblems,marketingproblems,andfoodtraceabilityandsafetyproblems. Wehopethatthisreviewservesasa
reference forinterestedresearchersandastartingpointforthosewhowishtoexploreitfurther.

l. INTRODUCTION
Foodquality,includingsafety,hasbeenamajo

waste and improve safety in food supply chains.
Many extensive literature reviews have been
rconcernfaced by the food industry, partly due to a conducted on preservation and traceability
series of food safety crises and scandals [1]. technology adoptions in food supply chains. For
Quality of the food products contin- uously example,  Mercier et al. [8] provided a
changes as they move along the supply chain, comprehensive literature review on time-
which can lead to significant social, economic, and temperature management along the food supply
environmental consequences. chain. Badia-

Food spoilage is one of the major issues related to
food safety and quality. When food products move
from farms to food processors, food retailers, and
end customers, spoilage
cannotbeavoided.Foodperishabilitymaycausehugew
astes.
Itisestimatedbythe UnitedNationsthatapproximatelyo
ne- third of all food produced for human
consumption iswasted each year. In other reports,
40% of total production was
wasted[2,3].Theeconomiclosscausedbyfoodperisha
bility and waste reached $218 billion in the US,
$143 billion in Europe, and $27 billion in Canada
[4-6]. In addition to the
economicimpacts,foodperishabilityalsocausedfoods
afety
problemsinmanyregions.AccordingtotheWHOQO[7],a
bout
600millionpeoplebecameillafterconsumingcontami
nated

foodeachyear.Amongthem420,000died,inc
luding125,000 children under the age of five years.
This has raised serious concern about food safety in
manycountries.

The improvement of  preservation
technologies has pro- vided many tools to reduce
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Melisetal.[9]reviewedtraceabilitytechnologyadop-
tionsinfoodsupplychains. Theadoptionofvarioustem
per- ature control or traceability technologies
allows information to be gathered to optimize
inventory decisions, distribution decisions, and
retail strategy even enhance safety in food
supplychains.

Also, the research progress in operations
management provides many opportunities for
companies to reduce prod- uct waste due to
decaying and to enhance food quality. Akkerman et
al. [10] reviewed the quantitative operations
management research on food distribution
concerning food
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TABLEL:Searchingguidelinesandresults.

Filtertype Descriptionsandguidelines Results

Articles that were identified in the database search or appeared in the reference lists of one of the selected
articles
(i) Topic:articlesthatdeveloporapplyquantitativemodelsonfoodqualityandoperations

Inclusion criteria

Keywords

Keywords search

management in food supply chain
(i) Language: limited toEnglish
(iii) Time span:2005-2017

(iv) Paper type: academic (peer-reviewed) journalarticles

() GroupAkeywords:“foodquality”,“perishablefood”,and““perishableproducts”

(ii) GroupBkeywords:“operationsmanagement”,“inventorymanagement”, “marketing”, “customer
behaviors”, “supply chain coordination”, “production planning”, “quality control”, and““distribution”

(i) Selectedonlinedatabases(e.g.,Elsevier, WileyOnline,Informs, Springer,andHindawi)

(i) AllselectedarticlescontainatleastonekeywordcombinationfromGroupsAandBin the title, abstract, or list
ofkeywords

426

Exclusion criteria

(i) Not related to foodquality

(ii) Not related to the operationsmanagementproblems ~ 105left

(iii) Not using the quantitativemethodologies

quality, food safety, and sustainability. In this
article, we mainly concentrate on the quantitative
operations manage-
mentmodelsrelatedtofoodqualitymanagement.Theg
oalis
topresentthelatestresearchdevelopmentinthisfieldan
dto identify future researchopportunities.
Assuch,weproposethefollowingtworesearchquestio
ns:

(1) what are the state-of-the-art development and
trends in
quantitativeoperationsmanagementresearchregardin
gfood quality management? (2) What gaps exist in
the current research, and what are the potential
future research oppor- tunities?

This paper is organized as follows: Section 2
presents the methodology of this research along
with a descriptive analysis of the existing studies.
Section 3 provides details of operations
management problems and related research along
the food supply chain, including storage,
distribution, marketing, and traceability
optimization. Section 4 is about the research
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implications and directions for future research.
Section 5 discusses the conclusions and limitations
of thisreview.

Methodology

To address the research questions, the
study reviews the literature of food quality
management in supply chains.

Data Collection. The study aims to review
published peer-reviewed articles in the targeted

area from 2005 to
2017.Articlesarecollectedfromseveraldatabases,incl
uding

Elsevier,WileyOnline, Informs,Springer,andHindaw
i.The search was conducted based on the
combination of two categories of key words; one is
related to food quality and the other is related to
operations management. An example
ofsuchkeywordcombinationwouldbe“Inventory”+“f
ood
quality”’;anotherwouldbe“distribution”+“perishablef
ood”. Using such kind of keywords search in the
databases, we found 426 articles intotal.
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Figurel:Distributionofarticlesovertime.

Relevant Literature and Classification. In
this stage, all articles were prudently reviewed. The
searching guidelines and results are presented in
Table 1. An article was removed from this study if
it was not related to food quality, opera- tions
management, or not using quantitative methods.
The remaining publications were then classified
according to a
conceptualframeworkproposedinSection3.1.

JournalStatistics. Thenumberofpublications
indifferenttimeperiodsispresentedinFigure1toshowt
heevolutionofresearchinterestinthistopic.Between2
005and 2017,
International Journal
ofProductionEconomicsProduction
andOperationsManagementinternational Journal of
ProductionResearch

Omega

European Journal
ofOperationalResearchComputers &
IndustrialEngineering
ORSpectrumBiosystemsEngineeringAnnals of
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therewereatotalof105articlesontheoperationsmanag
ementrelatedtofoodqualityinfoodsupplychains. Then
umberofthearticlesisratherlimitedbeforetheyear200
8.Thenthenumberrisesslowlyfrom2008t02012.Sinc
e2012,scholarshavebecomemoreinterestedinthistopi
c.Thestatisticsshowthatwhilethetotalnumberofresea
rchinthisareaisstillsmall,interestinthisfieldhasgrown
rapidlyinrecentyears.Figure 2 presents  the
distribution of
articlesinthesemajorpublicationoutlets. Thel05articl
esincludedinthisstudywerepublishedinmorethan30j
ournalsonoperations

OperationsResearch
AppliedMathematicalModellingMathematical
Problems inEngineering
ManagementScienceOperationsResearchJournal  of
FoodEngineering

Computers & OperationsResearch
OperationalResearch

FoodControlinternational Journal of Mathematics
in OperationalResearch
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management or food quality. Apparently, the top
journals
arelnternationalJournalofProductionEconomics(l
JPE), Production and Operations Management
(POM),Interna-
tionalJournalofProductionResearch(l1JPR),andO
mega, whichaccountforaboutone-
thirdofthetotalamount.The first half of the papers
contributes to about 80 percent of
thetotalpapers.Aftercarefullyreadingthel0O5article
s,we
foundthatthesepapersrepresentanappropriateoverv
iewof thecurrentstate-of-the-
artresearchintheareaofoperations
managementandfoodqualitycontrolinfoodsupplyc
hains.

Analysis

In this section, quality and operations
management prob- lems in food supply chains are
discussed in detail. More
specifically,wediscussthemainissueswithregardtorel
ated operations management problems, followed by
a discussion of researchchallenges.

Conceptual Framework. In order to
identify the progress and gaps in the existing
literature on food quality and operations
management models, a conceptual framework is
constructedtounderstandthekeydecisions,asshownin
Fig-
ure3.Theframeworkhelpsusunderstandtheachievem
ents,
challenges,andopportunitiesintheresearchonfoodqu
ality and operations managementmodels.
Section3.2summarizesthestudiesofinventoryproble
ms with preservation investment, followed by
Section 3.3 on transportation planning problems in
food supply chains. Next, Section 3.4 covers
research on marketing strategies
consideringfoodqualityandcustomers’preferences. L
astly,
Section3.5presentsthemodelspertainingtofoodtracea
bility and food recallstrategies.

Inventory Planning with Preservation
Investments. A lot of researches deal with inventory
management ofperishable
products,wheretheirproductionordistributionplannin

g

is based upon an exogenous perishable rate. For
example, fruits in supermarkets will perish in the
selling period until they are not safe to eat.
However, with the development of
preservationtechnologies,theproducts’perishabilityc
anbe reduced by making investment in equipment,
production processes, and so on. In other words,
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the perishable rate
highlydependsonnotonlythenaturalperishableratelar
gely determined by environmental factors (such as
temperature, humidity, light, oxygen content, and
microbial content) but also the preservation
technology used in the warehouse and
transportationvehicles.

Although the perishing process for food products is
natural and cannot be stopped, it can be slowed
down by
specializedequipment,suchasrefrigeratorsandhumid
ifiers, to make temperature low and humidity
suitable for certain
fruits.Hence, itispracticalandimportanttoconsiderinv
en-
torydecisionswithpreservationtechnologyinvestmen
tdeci-
sion.Enterprises’preservationinvestmentisoftencom
bined

withotherdecisions, likepricingorreplenishmentdecis
ions.
Thegoalistomaximizethetotalprofitorminimizetheto
tal cost by finding an optimal set of preservation
investment level, price, or orderingquantity.

Single Level Supply Chain Inventory
Models. Some studies focus on a single firm’s
preservation and inventory decisions. Hsu et al.
[11] first developed an analytical Eco- nomic
Ordering Quantity (EOQ) model considering both
orderingpoliciesandpreservationinvestmentforperis
hable products. Under the assumption that the
deterioration rate is exponentially linked to the
investment level, they proposed a method to
determine the optimal replenishment cycle,
shortage period, order quantity, and preservation
technology cost so as to maximize the total profit
per unit time.
Numericalexampleswerepresentedtoobtainfurtherre
sults. Lee and Dye [12] extended the model of Hsu
et al. [11] by assuming that market demand is
linked to inventory
levelandshortagesareallowedandpartiallybacklogge
d.An
algorithmwasalsoproposedtosolvetheoptimizationm
odel and determine the optimal replenishment and
preservation technologyinvestment.

Dye and Hsieh [13] assumed that the
deterioration cost is associated with both the
preservation investment and the time instance.
The objective is to find the opti- mal
replenishment  and  preservation  technology
investment strategies while maximizing the total
profit per unit time
overtheinfiniteplanninghorizon.Dye[14]assumedt
hatthe

deteriorationrateisnoninstantaneousandcontrollab
le.The

generalizedproductivityofinvestedcapital,deterior
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ation, andtime-
dependentpartialbackloggingrateswereusedto
modeltheinventorysystem.Theuniquenessofthegl
obal
maximizationwasprovedusingfractionalprogram
ming.

Chen and Dye [15] proposed a finite time horizon
inventory and preservation investment model, in
which the preservation investment can be different
in each replenish- ment cycle. They utilized particle

swarm optimization to
solvethenonlinearprogrammingproblem.HeandHua
ng

[16] studied the optimal preservation, pricing, and
ordering decisions for a kind of seasonal products.
Hsieh et al. (2013) formulated an Economic
Production Quantity(EPQ)
modelfordeterioratingitemswithtime-
varyingdemandand controllable deterioration rate
in a limited time horizon. A particle swarm
optimization approach was also employed to solve
the nonlinear programmingproblem.
SinghandSharma[17]studiedaninventorymodelwi
th ramp-
typedemandrate,controllabledeteriorationrate,and
two-level trade credit, in which shortages were
allowed and partially backlogged. Bardhan et al.
[18] also studied an inventory problem with

preservation investment for
noninstantaneousdeterioratingproducts. Theystudi
edtwo modelsdependingontheon-

handstockfinishtime:before  and  after  the
deterioration starts. Yang et al. [19] intro-
ducedthecreditperiodtheoryintoinventorymodels
with

preservationinvestmentdecisions. Theystudiedaret
ailer selling perishable products to customers and
offering a credit period to its customers to buy
the products. They established a model to
determine the optimal trade credit
periods,preservationtechnologyinvestment,andor
dering
strategiesthatmaximizethetotalprofitoverafinitepl
anning horizon.

Unlike previous studies, Dye and Yang[20]treated
the selling price as a decisions variable. They
considered customers’ reference price behaviors
and proposed a joint dynamic pricing and
preservation technology investment model for a
perishable inventory system with time- and price-
sensitive demand. Theoretical results were obtained
to demonstrate the existence of an optimal solution
for the
inventoryproblem.Asimpleiterativealgorithmwasuti
lized to solve the proposed model by employing the
theoretical
results.Featuresoftheproposedmodelwereillustrated
with sensitivityanalysis.
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Kouki et al. [21] extended the known (r, Q)
inventory
modelsbyassumingproductsareperishable. Theystudi
edthe impacts of the application of Time
Temperature Integrator (TTI) technology on the
inventory management decisions. The TTI
technology enables firms to accurately monitor
products’ freshness and gives information on
products’
remainingshelflives.Zhangetal.[22]studieddynamic
ser- vice investment problem simultaneously with
preservation investment for perishable products.
The analytical solution for dynamic service
investment was obtained under the
givensalesprice,preservationtechnology,andreplenis
hment cycle by solving an optimal control problem.
The impact of common resource constraint on the
optimal investment
policywasinvestigated. Theyfoundthatforarelativelyl
ow common resource capacity, the firm prefers to
invest in service improvement rather than
preservation technology. Mishra [23] studied an
EPQ problem considering uncertain  and
controllable deterioration rate. Following Day
andYang (2016), Mishra et al. [24] studied an
inventory model that considers demand rate as a
function of stock and selling price. They
established an EOQ model considering preser-
vation investment, product deterioration, and two
types of backordering scenarios. Li et al. [25]
studied an inventory
controlproblemconsideringtheoptimalpackagingdec
isions
toextendtheproductshelflife.Highqualitypackagingh
elps to better preserve the products but leads to
higher costs for
sellers. Thegoalistominimizethetotalcostshychoosin
gan appropriate packagingstrategy.

TwolevelSupplyChainlnventoryModels. T
hepreser-
vationinvestmentproblemhasalsobeenstudiedintwo-
level  supplychains. Tayaletal.[26]developedatwo-
levelsupply chain model, in which the products are
perishable and the
deteriorationrateiscontrollable. Also,customers’dem
andis sensitive to the products’ expiration rate.
Zhang et al. [27] studied a two-level inventory
model for deteriorating items with controllable
deterioration rate and price-dependent demand.
They derived the optimal decisions for both the
decentralized and the centralized models. They
found that thetwo-
levelsupplychaincanbecoordinatedwitharevenue
sharing and cooperative investment contract. The
results show that only when the revenue sharing
rate lies roughly between 1/2 and 3/4 can the
contract perfectly coordinate supply chains in most
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cases, which has an important impli-
cationinsupplyingchaincoordinationofdeterioratingi
tems with preservation investment. Shah et al. [28]
studied an inventory model in a two-level supply
chain consisting of a manufacturer and a retailer.
The manufacturer offers a trade credit to the retailer
and the retailer’s deterioration rate is
timedependentandlinkedwithpreservationinvestmen
t.The retailer also offers partial trade credit to the
buyers. Giri et al.[29]studiedatwo-
levelsupplychainmodelwithproduct ~ deterioration,
controllable deterioration rate, and unreliable
production.

Multiple  Facility Inventory  Models.
Researchers also considered the preservation
investments for a multifacility supply chain. Cai et
al.  [30] studied the optimal ordering
policyandfreshproductkeepingeffortsinamultilevels
upply chain with long transportation distance and
high deteri- oration rate for intransit products. Yu
and Nagurney [31] developed a network-based
food supply chain production
modelunderoligopolisticcompetitionandperishabilit
y,with a focus on fresh produce. The product
differentiation is characterized by the different
product freshness and food safety concerns, as well
as the evaluation of alternative
technologiesassociatedwithvarioussupplychainactiv
ities.

Tsao[32] studied a joint model considering
location, inventory, and preservation decision-
making problem for noninstantaneous deteriorating
items under delay in pay- ments. In the author’s
model, an outside supplier provides a credit period
to the wholesaler that has a distribution system
with distribution centers. The goal is to determine
the locations, the number, the replenishment time of
the distribution centers, and the preservation
investments.Tsao

[33] studied the network design problems in a
supply chain
includingdistributioncentersandretailersconsidering
trade credit arrangements, preservation investment,
and product deterioration. The goal is to determine
the optimal locations
ofdistributioncenters,assignmentofretailerstodistrib
ution centers, replenishment time, and preservation
investment to maximize the totalprofit.

Summary. In this subsection, the inventory
problems combined with food preservation
investment is presented. We classify the existing
papers into three categories for different supply
chain structures, that is, single level sup- ply chain,
two-level supply chain, and multilevelsupplychain.
The research contributions are presented in each
part.

TransportationPlanningforPerishableProdu
cts.Inthis subsection, we discuss the transportation
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planning in food
supplychainsconsideringfoodqualitydegradation.Ine
con- omy, transportation plays an important role,
which accounts for two-thirds of the total logistics
cost and affects the level of customer service. In
reality, food supply chains stretch
fromupstreamagriculturalfarmstodownstreamconsu
mers,
withintermediatemanufacturers,foodserviceprovide
rs,and sellers in the middle. Along the distribution
process, food products may perish and temperature
control becomes cru- cial for supply chain partners
to reduce wastes and enhance
foodqualityandfoodsafety. Toenhancetheprofitability
and competitiveness, many enterprises strive to
handle the issue of product perishability so as to
maintain the value of their products.

The transportation planning problems are mainly
con- cerned with the optimization of delivery
routes, delivery quantities, and delivery time.
Transportation modes, such as flights, cargo
vessels, or trains, should also be considered.
Although great progress has been made in this
direction in terms of considering product
perishability properties, challenges stillexist.
Transportationplanningmainlydealswithvehiclero
ut- ing problems (VRP). When considering
product perisha-
bility,morefactorsshouldbereconsideredinthisrese
arch
area.First,foodsafetyisamainconcernwhenenterpri
ses
distributethefoodproductsfrommanufacturertoret
ailers
andcustomers.Forexample,Rijgersbergetal.[34]de
vel-
opedasimulationmodelofthedistributionchainoffr
esh- cut iceberg lettuce under the consideration

of quality and
safetyduringdistributionstage.Second,differentty
pesof

perishableproductsshouldbestoredindifferentcond
itions
duringtransportation.Becausethestoragetemperat
uresfor
chilledmeatandfreshvegetablearedifferent,avehicl
emay be divided up into multiple compartments
with different temperature controls [35]. This
makes the transportation
planningmorecomplexandmorechallenging. Third
,dis- tribution planning of the food products is
often linked to
customers’preferencesandsatisfactions[36].Inreallif
e,the
freshertheproducts,thehighertheprice.Shorterdeli
very
timehelpstomaintainthefreshness,yetitincreasesth
etotal transportationcost.
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Transportation ~ Planning  Considering
Various Factors.
Duringthetransportationofperishableproducts, factor
slike the product quality, the product safety, the
transportation mode, the preservation conditions, or
multifirms’ coordina-
tionallhavesignificantimpactsonoptimaldecisions.
Dabbeneetal.[37]assumedthatqualityoftheperishabl
e products during transportation is directly linked
to time and solved a distribution planning model
by a heuristic approach. Quality change may lead
to food safetyproblems. Rijgersberg et al. [34] also
developed a simulation model of the distribution
chain of fresh-cut iceberg lettuce under the
considerationofqualityandsafetyduringdistributionst
age.
Themainpurposewastostudytheimpactsofproductlif
e
cycle, customer purchasing behaviors, and
distribution lead time reduction on distribution
strategies.
Someresearchersdemonstratethattransportationmod
es affect the optimal decisions significantly.
Ahumada and Villalobos [38] considered
transportation modes in their integrated production
and distribution optimization models. They
proposed that supply chain partners need to choose
from the transportation modes of truck, rail, or air
to
distributetheirpackagedperishableproductsunderdiff
erent conditions. The impacts of refrigeration cost
werediscussed in Dabbene et al. [39]. Rong
andGrunow [40] studied the impacts of product
dispersion during distribution on
optimaldistributionplanningstrategies. Althoughdisp
ersion enhances supply chain efficiency, it also
causes food safety problems. Their approach
allowed decision-makers to deal
withthetradeoffunderdifferentriskattitudes.CaiandZ
hou
[41]studied the optimal production and delivery
policies when facing two markets (i.e., local market
and foreign market) and the transportation to
foreign market may be disrupted. An optimal
policy was proposed to minimize the total cost.
Eleonora and Jesus (2015) analyzed the schemes
for food delivery to urban food sellers. They
studied the
impactsoftrafficregulations,deliveryservices,andanu
rban distribution center on the distribution
efficiency in a case
studyofParma, Italy.KetzenbergandFerguson[42]stu
died the value of information sharing between the
seller and the supplier in a two-level supply chain.
They showed in the numerical tests that
information sharing not only improves profits of the
two parties, but also benefits customers by
enhancing productfreshness.
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In addition to the impacts of quality, safety, and
trans- portation modes, Grillo et al. [36] proposed a
mixed integer
mathematicalprogrammingmodeltostudyanorderpro
mis- ing process in fruit supply chains with
subtypes of products considering various natural
factors, such as land, weather,
orharvestingtime.BilgenandGlinther[43]studiedan
integratedproblemforproductionanddistributionplan
ning. They considered two different transportation
modes in the distribution stage between plants and
distribution centers: the full truck load and less
than truckload.
Soysaletal.[44]studiedaroutingproblemwithmultiple
suppliers and customers considering  food
perishability and
horizontalcollaborationbetweensupplychainpartners
.They found that horizontal collaboration may
reduce wastes and carbon emission and increase
distribution efficiency of the whole supply chain.
They wused an experiment to study the
impactsofrelatedfactorsandfoundthatthegainsarehig
hly
sensitivetothesuppliersizeorthemaximumshelflifeof
the products.

Transportation Combined with Inventory
Problems. It is common that transportation
planning is often related to inventory planning
problems. The combined inventory- routing
approaches not only solve the short term VRP
problems,butalsohelptoovercomethelongtermprodu
ction planningproblems.

Rong et al. [45] studied a joint production and
distribu- tion planning model under the
consideration of food quality degradation. In
addition to routing and storage planning

decisions, the firm also makes decisions on the
temperature

duringstorageanddistribution. Theproblemwassolve
dwith
agenericapproach.Farahanietal.[46]studiedanintegra
ted
productionanddistributionplanningmodelforakindof
fast perishable food product. To deal with the fast
perishability, they proposed a policy to shorten the
time interval between production and distribution.
Adelman and Mersereau [47] studied a dynamic
capacity allocation problem when cus- tomers’
ordering quantity is correlated to fill rates in the
past. In their model, customers risk attitudes to the
fill rates were different. Given customers’
differentiated behaviors, a dynamic rationing
policy of the fill rates was proposed to
achievehigherprofitandhighercustomersatisfaction.
CoelhoandLaporte[48]studiedanintegratedreplen-
ishment,distribution,andinventorymanagementprob
lemwhenproductshavevariouslifetimes. Theyshowe
dinthenumericalexperimentsthattheoptimalpolicyis
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eithertoselltheoldestavailableitemsfirsttoavoidspoil
age,ortosell the fresher items first to increase
revenue.Devapriyaetal.[49]studiedanintegratedprod
uctionanddistributionschedulingproblemforperisha
bleproductsinamultiechelonchain.Theirobjectivewa
stodeterminetheoptimalfleetsizeand trucks’ routes
in order to minimize theaggregatedcost.Unlike the
previous research, their study capturedbothpro-
duction and distribution planning
undertheconsiderationoflimitedlifetimeoftheproduc
ts.Amixedintegerpro-
grammingmodelwasformulatedtosolvetheproblema
ndheuristicsbasedonevolutionaryalgorithmswerepro
videdtoresolvethemodels.Liuetal.[50]studiedthedyn
amicinven-
toryrationingproblemforperishableproductsovermul
tipleperiodsforawholesaler. Therationingstrategywa
snotonlydetermined by the perishable properties of
theproductsbutalso affected by the uncertain selling

price
inthefutureperiods.Qiuetal.[51]studiedageneralized
production-inventory-routing problem for

perishableproducts. Theyhavediscussedseveralinven
torymanagementpoliciestoillustratethereal-
worldapplicationsoftheproposedmodels. Moreworks
canbeseeninBilgenandGiinther[43],
Makkaretal.[52],Caietal.[53],RahdarandNookabadi[
54], Uthayakumar and Priyan [55], Jiaet al.
[56]Diabatetal. [57], Lee and Kim [58], Gaggero
and Tonelli[59],Belo-
Filhoetal.[60],PriyanandUthayakumar[61],Seyedho
sseiniandGhoreyshi[62—
64],Seletal.[65],MirzaeiandSeifi[66],
Drezner and Scott [67], and Dobhan and
Oberlaender [68].

Transportation Combined with Network
Design Prob- lems. In food industry, there exist
many kinds of distri- bution networks. In practice,
the network design problem is to jointly optimize
the location of hubs and the flows from upstream
manufacturers to downstream retailers and
customers. Distribution network design plays a key
role in reducing transportation costs and
maintaining quality of perishable products in food
supply chains. However, many of the existing
models on distribution network design only
consider single period problems, which cannot
be used to solve the problems for perishable
products with time
limitationswithinthenetworks. Tosolvethenetworkde
sign problems, many new types of mathematical
models and
innovativealgorithmsweredevelopedinthelastdecade

Firoozi et al. [69] studied a network design
problem for perishable products which have limited
storage time during transportation. Their model
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attempted to balance the benefit from enhancing
storage conditions to maintain products quality and
the associated costs to improve storage condi-
tions. AnefficientLagrangianrelaxationheuristicalgo
rithm

wasdevelopedtosolvetheproposedmodel.Firoozietal

[70] studied a similar network design problem
considering product perishability. They proposed a
memetic algorithm (MA) and proved that it works
more efficiently than the Lagrangian relaxation
heuristic algorithm. Unlike Firoozi et al. [69] and
Firoozi et al. [70], Firoozi and Ariafar [71] con-
sideredafluctuatedexpectedlifetimeofperishableprod
ucts during transportation due to unusual weather
condition or malfunction of transportation and
storagefacilities.
Drezner and Scott [67] studied an inventory and
loca- tion decisions in a network with a single
distributor and
multiplesalesoutletsforperishableproducts.Computa
tional experiments showed that the location of the
distribution
centeraffectstheinventorydecisionssignificantly. Tsa
0[32] considered the joint location, inventory, and
preservation decisions for a two-level supply chain
with a supplier, a wholesaler, and multiple
distribution centres. Algorithms were proposed to
solve the nonlinear optimization  models.
Dulebenets et al. [72] studied an intermodal freight
network
designproblemwhichdealswiththedecisionsofprodu
ction,
inventory,andtransportation. Thenumericalcasessho
wthat decaying cost significantly affects the
transportation  modes and the associated
distribution routing. Rashidi et al. [73] formulated a
biobjective mathematical model to optimize the
joint location-inventory decisions in a network for
perishable products. A Pareto-based metaheuristic
approach was proposed to solve the models. de
Keizer et al. [74]
studiedthenetworkdesignproblemsforperishablepro
ducts under different product quality and delivery
lead time. The objective was to study the impacts
of quality decay and its heterogeneity on optimal
network design strategies. They
usedamixedintegerprogrammingapproachtoformula
tethe model, which is to maximize the total profit
under quality constraints. The results showed that
heterogeneous product quality decay has significant
impacts on network designand profitability.
Summary. In this subsection, the papers on
food products transportation problems are
reviewed. In this area, people often study the
transportation problems with various factors
including  product quality, product safety,
transporta- tion mode, preservation conditions, and
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multifirms’ coordi- nation. In addition, in real
practice, transportation planning
isoftencombinedwithinventoryplanningornetworkd
esign or both. As such, we presented a
comprehensive review of papers studying joint
decisions of inventory-transportation problems and
network design-transportationproblems.

Quality Based Pricing for Perishable
Products. In this subsection, we summarize the up-
to-date research on pric- ing problems related to
time-linked quality for perishable products.
Recently, customers are more concerned about
foodsafetyandbecomemoresensitivetofoodqualityw
hen
purchasing food products. The demand for food
products is highly linked to food quality. Due to
the nature of food products, quality drops with time
following a dynamicstate.
Therefore,staticpricingstrategiesmayresultininappro
priate quality control and excessive inventories in
food supply chains. Many scholars did research on
the dynamic pricing strategies to help firms reduce
waste and enhance profit and foodsafety.

ModelswithSingleProductsandHomogeno
usCustomer
Preferences.Intoday’sfoodsupplychains,varioustech
nolo- gies (e.g., ratio frequency identification
technology (RFID)
andtimetemperatureindicator(TTI))canbeadoptedto
cap- ture product information (e.g., temperature,
humidity, and
thetimeperiod)automatically. Thus,thiskindofinform
ation can be used to predict food quality and
remaining shelf life, which supports the decisions
on inventory control and pricing decisions.
Besides, customers are often sensitive to the
product quality and they alter their purchasing
decisions toward products with differentqualities.
FergusonandKoenigsberg[ 75]establishedatwo-
period model, considering product quality decline,
quality depen- dent demand, and competition. The
research aims to opti- mally determine the prices
and inventory to maximize the
totalprofit.BlackburnandScudder[76]studiedsupply
chain
strategiestogetherwithpricingdecisionsbasedonperis
hable products’ marginal-value-of-time (MVT).

Sainathan [77]
studiedthepricingandreplenishmentstrategiesforaper
ish- ableproductwithtwo-

periodlifetimewhencustomers’utility is  quality
sensitive. In each period, new products and old
productsweredifferentlypricedtomaximizethetotalpr
ofit.

WangandL.i[78]proposedarealtimequalitybaseddyna
mic pricing model for perishable foods in a supply
chain with quality sensitive customers. Compared
to the static pricing strategy,thisquality-

Www.ijera.com

DOI: 10.9790/9622-08010599117

basedpricingstrategyhelpsreducefood spoilage
waste and bring more profit to the retailers. A real
case was also used to illustrate the results in the
analytical models.

Adenso-D"1azet al. [79] proved that dynamic pricing
can
significantlyreducethetotalwasteoftheperishablepro
ducts, as Wang and Li [78] demonstrated. However,
the spoilage reduction may come as a loss in total
revenue that can vary dramatically, depending on
the scenario and the speed of the price discount
strategy. Also, based on the assumption that
retailers can utilize time-temperature-indicator-
based automatic devices, Herbon et al. [80] studied
an optimal dynamic pricing model considering
product perishability and customers’ satisfactions.
Herbon and Khmelnitsky [81] studied an integrated
ordering and dynamic pricing model for perishable
products when customers are highly sensitive to
food quality. Unlike Wang and Li [78], they studied
a
continuousdynamicproblemratherthanadiscreteone.
They also showed that the efficiency of the
dynamic approach
dependsontheformofdemandincorporatedintothemo
del.

Models Considering Product
Differentiation. Product differentiation is a factor
that the retailers should consider
whentheymakeorderingorpricingdecisions.Whenpr
oduct
lifetimeisconsidered,productsatdifferentagesarediff
erent

butstillsubstitutable,whichmayaffectcustomerpurch
asing behaviors. Chew et al. [82] studied an
integrated ordering and dynamic pricing problem
for a kind of perishable product with multiperiod
lifetime. The products at different ages, mutually
substitutable, are all available in the market. The
results showed that, under the assumption of
product
substitutions,theretailer’stotalprofitincreasessignific
antly. Chen et al. [83] studied a combined pricing
and inventory control problem considering product
perishability with a fixed shelf life over a finite
horizon. Heuristic policies were proposed to solve
the models. In addition, they also proved that their
model is applicable when the product’s lifetime is
stochastic.
Herbon[84]alsostudiedthepricingpoliciesforakindof
perishableproductwithdifferentages. Theauthorcomp
ared two strategies: fixed pricing and differentiated
pricing. The author found that an optimal pricing
policy is to implement
pricediscriminationwithrespecttoconsumers’sensitiv
ityto freshness, while dynamically changing the
price over time,
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startingwithalowerpriceattheearlystagesoftheproduc
t’s shelf life and increasing it at a later stage. Hu et
al. [85] established a joint inventory and price
markdown model considering customers’ strategic
behaviors. To reduce costs, the firm can either
choose to discard the leftover inventory or set a
clearance price. Li et al. [86] studied an inventory
control problem with clearance sales strategies and
product perishability. They proposed two myopic
heuristics to solve the problems  with
partialinformation.

Models Considering Heterogeneous
Customer Prefer-
ences.Customersoftenhavedifferentvaluationstowar
dsthe same kind of products with same quality.
Such customer
heterogeneityonproductqualityforperishableproduct
shas
alsobeenconsidered.Akcayetal.[87]studiedadynamic
pricingproblemofafirmwhichsellsmultipledifferenti
ated
productswithlinearrandomconsumerutilities.Galleg
oand Hu [88] studied a dynamic price competition
problem in an
oligopolisticmarketwhenproductsperishovertime.H
erbon
[89]proposedapricingmodelunderconsumerheteroge
neity
inconsumers’sensitivitytofreshnessofaperishablepro
duct. He compared the model with and without the
consideration of such heterogeneity. Also evaluated
are the conditions in which a dynamic pricing
policy is beneficial either to  the
retailerortotheconsumer,ascomparedwithastaticprici
ng policy.

In Herbon [90], customers were also assumed to be
heterogeneous in their sensitivity to freshness, that
is, their willingness to pay more for fresher
products. A dynamic
pricingmodelwasdevelopedtoevaluatetheextenttow
hich
boththeretailerandthecustomersbenefitfromthedyna
mic
pricingpolicyasopposedtothestaticpricingpolicy.Her
bon

[91] also studied a model with multiple
competing perish- ables with different remaining
lifetimes and selling prices. It is found that when
customers are homogeneous in their preferences,
single-product-age  operational mode outper-
formsthemultiple-product-
ageoperationalmode.Herbon

[92] studied an inventory and pricing model
considering
customers’heterogeneitytowardstherealtimequality
ofthe

perishableproducts. Theeffectsofremainingshelf-
life,price,
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and perceived quality on demand were investigated
in their
models.Also,itisshownthathighlyheterogeneitycanb
enefit the sellers because more products will be
sold. In addition, Herbon [93] demonstrated that
customer information is crucial to determine firms’
pricing decisions for perishable
productsandcustomers’heterogeneouspreferencefor
prod- uctfreshness.

Models Combined  with  Inventory
Decisions. In many situations, inventory policies
and pricing policies are mutu-
allyaffectedinperishablefoodsupplychains.Pasternac
k
[94]studied a pricing problem for a kind of
perishable
productcombinedwithcustomerreturns. Theauthorsh
owed that full credit provided by the manufacturer
is effective in coordinating the supply chain when
there is a single retailer. However it is not
effective when facing multiple retailers. Li et al.
[95] studied the pricing problem together with the
inventory decisions in which price is linked to
demandandproductshavetwo-
periodlifetime.Lietal.[96] assume that product
perishability affects demand. Based on this
assumption, they studied the joint dynamic pricing
and
inventorycontrolproblemsforperishableproductswh
enthe seller cannot sell new and old products at the
same time. In each period, the seller determines to
sell new products
andmakesreplenishmentpoliciesortoselloldproducts
and dispose of the inventory at the end of the
period. The study shows counterintuitive result that
profit — maximization does not guarantee
lowerexpirations.

ChenandSapra[97]studiedajointpricingand
inventory decisionsforaperishableproductwithtwo-
periodlifetimes. They compared the first-in-first-
out with first-in-last-out strategies and found that
bigger orders should be placed in the FIFO system.
Chung and Erhun[98] studied a two-level supply
chain coordination problem considering perishable
products with two periods of shelf life. Kaya and
Polat[99] studied a problem of jointly determining
the optimal pricing and inventory replenishment
strategy for a deterministic perishable inventory
system in which demand is time and
pricedependent. Thepriceadjustmentcost(alsocalled
Menu cost) is considered when the seller changes
its selling price during the lifetime of the products.
Chen et al. [100] also considered Menu cost in their
integrated dynamic inventory and pricing decisions
models. They found that when Menu cost is
moderate, a one-time price adjustment price policy
outperforms the multitime price adjustment policy.
Chua et
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al.[101]studiedtheoptimalpricediscountandreplenis
hment policies for a perishable product with short
lifetime and uncertaindemand.

Summary. In reality, customers are
sensitive to the food qualities. Thus, to ensure the
profit gains, firms need to provide more fresh
products to  customers. In the pre-
sentedmodels,customers’preferenceisdirectlylinked
tothe
productqualityineachinstance. Inthefirstpart,research
ers studied the single product pricing problems
with homoge- nous customers’ preference. Then
models with multiple
productsormultipletypesofcustomersarepresented. L
astly, ordering decisions combined with pricing
decisions are reviewed.

QuantitativeModelsofFoodTraceabilityandF
oodRecall. In this subsection, we discuss the
quantitative models using the information of
traceability, which aims to improve prod-
uctsafetyandhelpsfirmsreachfinancialtargets.Foodsa
fety crisis can happen at any stage of food supply
chains. Food traceability systems can record
product attributes, such as quality and safety
parameters, which can be used to capture
information about ingredients, processing, storage,
dates (sell-by,use-
by),andsoon.Whenafoodsafetycrisisoccurs, the sold
products should be recalled from the customer to
mitigatethenegativeeffects.Governmentshaverealize
dthe importance of food traceability and built food
traceability system in many countries. For example,
Hong et al. [102] discussed the financial model for
applying RadioFrequency
Identification(RFID)technologytoafoodtraceabilitys
ystem in Taiwan. In addition, food crisis can bring
great loss to enterprises. The application of
traceability systems helps avoid such loss by
reducing the impacts of food crisis. Required for
regulatory and/or commercial purposes, they
havebeenwidelyusedtoresolvetheissuesofproductrec
all and food safety [103,104].
Thetraceabilitysystemsnotonlyimprovesocialwelfar
es, but also contribute to firms’ financial benefits.
Dupuy etal.

[105] studied an optimization problem for food
products under food quality risks and traceability
systems. Under the given information, using a
dispersion strategy, the firms can reduce the
quantity of the recalled products, thus minimiz- ing
their costs. Their research showed that the
traceability

systemshelpmitigatefoodriskstocustomers.Wangetal

[106] studied an  optimization  problem
considering food traceability in a multilevel supply
chain to achieve desired product quality and
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minimizing the impact of product recall in an
economic manner. They showed that utilizing
traceability systems and traceability information
contributes to the reduction of food quality risks.
Wang et al. [107] also developed an integrated
optimization model in which the traceability factors
are incorporated with operations factors to
determine the production batch size and batch
dispersion. Resende-Filho and Hurley [108] studied
the impacts of information asymmetry in a two-
level supply chain with a supplier and a retailer
implementing a traceability system. The retailer
can offer payment to the supplier to induce its food
safety effort. They found that traceability based
batch
dispersioncansubstitutefortheretailer’spayments. The
yalso showed that mandatory implementation of
the traceability
systemmaynotleadtohigherfoodsafety,becauseitincr
eases the firms’costs.

Piramuthu et al. [109] studied the recall problem
in a three-level food network in which the products
have contamination risks. They incorporated the
long delay and the inaccuracy properties of the
contamination source iden- tification in the
optimization models. Comba et al. [110] proposed
an optimization model to manage perishable bulk
products under the use of traceability system.
Although the implementation of food traceability
systems helps reduce
foodsafetyrisksinsociety,companiesmayhesitatetod
oso if the recall cost or the traceability system
implementation
costistoohigh.Formostcompanies,theirfirstgoalistog
ain

financialbenefits. Assuch,managershavetobalanceth
ecost

incurred by food quality risks and that of recall of
products or the implementation of the traceability
systems. Memonet al. [111] proposed an integrated
optimization model to minimize the expected loss
to shareholders in recall crisis using batch
dispersion methodology and taking into consid-
eration recall costs. It is shown that higher
traceability level
decreasesthestakeholders’lossesduetorecallbutincre
ases operational cost. Zhu [112] demonstrated that
significant investment cost acts as a major obstacle
for the diffusion  of traceability systems in the
food industry. They studied the economic outcomes
for the implementation of a RFID- enabled
traceability system in a two-level perishable food
supply chain. Considering customers’ perceptions
of food quality and safety when using the
traceability system, they proposed a dynamic
pricing scheme, which helps reduce waste and
improve the seller’s performance. Dai et al. [113]
also studied the pricing and tracking capacity
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decisions considering different levels of food
tracking cost and recall
cost.Resultsshowthattherealwaysexistsauniquetrack
ing capability and retailing/wholesale price with
closed-form
solutionstooptimizetheoverallsupplychainprofit.

In summary, the application of traceability system
can help to optimize the recall strategies when food
crisis hap- pens, therefore enhancing food safety. In
the quantitative operations management models,
when considering food traceability and food recall,
inventory planning strategies
[106,107],transportationplanningstrategies[109],an
dmar-
ketingstrategies[112,113]willbechanged.However,t
hereis
limitedresearchonthisareaandmoreworkscanbedone.

Directions for Future Research

In this section we give our suggestions for
some future research topics. Although progress has
been made in oper- ations management that
accounts for food quality in recent years, there are
still some challenges, which ought to be overcome
in future research.

First of all, in the research area of
inventory planning and transportation planning,
more works should be done to formulate and
solve stochastic optimization problems. It is widely
agreed that demand can never be a deterministic
parameter in this fast changing world. However,
among the papers we reviewed, lots of them
assume that demand is a constant parameter, or a
price/quality dependent parameter. This assumption
is quite unrealistic, which restricts the prac-
ticabilityoftheproposedmodels. Althoughsomepaper
shave studied stochastic problems, no breakthrough
occurs during the recent years. In this area, there
are two directions for the researchers. One direction
is to formulate new mathematical models to solve
more realistic problems and solve them with
existing methods. Another way is to find new
methods to solve the stochastic models, which is
more challenging and more important for the
improvement of this researcharea.

Next, supply chain disruption should be
consideredin
theexistingmodels.Disruptioncanhappenatanysta
geof

thefoodsupplychain. ltcanhappeneitherattheprodu
ction
stage,oratthetransportationstageduetovariousreas
ons
includingweatherchanging,vehicledamaging,andma
chine
breakdown.Comparedtonormalproducts,disruptio
ncan

even cause more severe damage in the
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food industry due to the short lifetime of the food
products. Because, when the
distributionisdelayed,qualityoftheproductswilldeteri
orate in a short time. The prevalence of supply
chain disruption in food supply chains makes it
crucial to enterprises in the decision-making
process. However, supply chain disruption
isseldomincorporatedinthereviewedstudies. Inthefut
ure, one can reformulate the existing models by
introducing supply chain disruptions into one of the
distribution phases (inventory, transportation, and
retailing) or into multiple phases.

In addition, food quality should be

modeled in more
practicalways. Intheexistingbodyofliterature,foodqu
ality

decayingisroughlymodeledandapproximatedwithin
accu- rate parameters. The approximation does not
guarantee the
applicabilityofthemodelstoallproducts.Infutureresea
rch, more realistic factors need to be considered in
modeling food quality in OM models, such as fast
changing quality status, chemical and microbial
properties of the food, and
environmentalconditions.

Furthermore, the forward distribution and
backward
recallproblemsshouldbeintegrated. Inthepapersondis
tri- bution problems, some people studied the
location problem. Also, in the recall problems, the
location of the recall point also serves as a very
important parameter. Therefore, when
designinganetwork,enterprisesshouldconsiderthefor
ward and backward flows simultaneously. In the
future, one can formulate the models with both the
distribution problems and the recall problems
jointly, with a goal to enhance the firms’ benefit
and the foodsafety.

Last, it is also a future research direction to
incorporate new product tracking or temperature
control technologies. With these new technologies,
additional information will be obtained and stored.
This will lead to more advanced decision-making
on food quality, more precise inventory control, and
more efficient distributionsystems.

1. CONCLUSIONS

In this paper, we have reviewed the
operations management research on food quality
and safety. Unlike other disciplines that study food
quality, the Operations Management (OM) field has
focused on using optimization models to capture
theeffectsofimportantoperationalvariables(e.qg.,inve
ntory, routing, and pricing) on both economic and
social benefits. In some studies, food quality is
modeled as a constraint to the storage or
distribution time, while in others, it is modeled as a
decreasing parameter which depends on the
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required preservation conditions or time. We
classify the literature into four categories, ranging
from inventory deci- sion for perishable food
products, distribution problems for perishable food
products, and dynamic pricing decisions for
perishablefoodproductstooperationsmanagementfor
food traceability and safety. Furthermore, we
survey the research
contributionsoftheliterature,discusstheup-to-
dateresearch development, and identify challenges
for further research within each category. The
importance of product quality is reflected in the
current research, in terms of both research
contributions and the variety of the
methodologiesused.

The future research agenda is also proposed to
enrich the understanding of various kinds of
operations management decisions and food quality.
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