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Araştırma Makalesi /Research Article  

 

Thymbra spicata subsp. spicata L. UÇUCU YAĞININ Aphis gossypii GLOVER 

(HEMIPTERA: APHIDIDAE) ÜZERİNDE İNSEKTİSİDAL ETKİSİNİN 

BELİRLENMESİ  
 

Alime Bayındır Erol1* , Batıkan Günal 2  Gürkan Semiz2 , Ali Kemal Birgücü 3  
 

Geliş Tarihi: 30.03.2023 / Kabul Tarihi: 18.05.2023 

 

Öz: Bu çalışmada Thymbra spicata subsp. spicata L. (Lamiaceae) uçucu yağının %1, 0.5, 0.25, 0.125 ve 0.0625 ml’lik 

konsantrasyonları Aphis gossypii Glover (Hemiptera: Aphididae)’nin ikinci dönem nimflerine uygulanmıştır. Denemeler 10 tekerrürlü 

ve her tekerrürde 10 birey olacak şekilde yürütülmüştür. Farklı konsantrasyonlarda hazırlanan uçucu yağlar püskürtme yöntemiyle 

nimfler üzerine uygulanmıştır. Uygulamalardan sonra 1., 3., 5., 7. ve 9. günlerde canlı bireyler sayılarak kaydedilmiştir. T. spicata 

subsp. spicata’dan elde edilen uçucu yağın A. gossypii nimflerine uygulaması sonucunda %1 ml’lik konsantrasyonda en yüksek %81 

ölüm oranı kaydedilmiştir. Çalışma sonucunda uçucu yağın düşük konsantrasyonlarda uygulanması sonucunda da etkili olduğu, 

konsantrasyon artışına bağlı olarak etkinliğinin yükseldiği görülmüştür. Yaprakbiti üzerine uygulanan T. spicata subsp. spicata uçucu 

yağının etkili sonuçlar vermesi, bitkisel içerikli olması ve çevreye olumsuz etkilerinin olmaması yönleriyle tercih edilebilme 

potansiyelinin olduğu sonucuna ulaşılmıştır.  
Anahtar Kelimeler: Aphis gossypii, Thymbra spicata subsp. spicata, mortalite, uçucu yağ, GC-MS 

 
Determination of the Insecticidal Effect of Thymbra spicata subsp. spicata L. Essential Oil on Aphis gossypii Glover 

(Hemiptera: Aphididae) 

 

Abstract: In this study, 1%, 0.5, 0.25, 0.125 and 0.0625 ml concentrations of Thymbra spicata subsp. spicata L. essential oil were 

applied to second instar nymphs of Aphis gossypii Glover (Hemiptera: Aphididae). Experiments were carried out with 10 replications 

and 10 individuals in each replication. Essential oils prepared in different concentrations were applied on the nymphs by spraying 

method. Alive individuals were counted and recorded on the 1st, 3rd, 5th, 7th and 9th days after the treatments. The highest mortality rate 

of 81% was recorded at 1% ml concentration as a result of the application of essential oil obtained from T. spicata subsp. spicata to A. 

gossypii nymphs. As a result of the study, it was observed that the essential oil was also effective when applied at low concentrations, 

and its effectiveness increased depending on the concentration increase. It has been concluded that T. spicata subsp. spicata essential 

oil applied on aphids has the potential to be preferred in terms of givinig effective results, having herbal content and not having negative 

effects on the environment. 

Keywords: Aphis gossypii, Thymbra spicata subsp. spicata, mortality, essential oil, GC-MS 

Giriş 

 

Pamuk (Gossypium hirsutum L.) bitkisi, ılıman ve tropik bölgelerde yetiştirilen en önemli lif bitkilerinden 

biridir. Dünya nüfusunun artışı ile birlikte pamuğa olan ihtiyaç gün geçtikçe artış göstermiştir. Pamuk 

liflerinden tekstil endüstrisi, tohumlarından yağ ve yem endüstrisi, linterinden kâğıt endüstrisi olmak üzere 

birçok endüstri alanında yararlanılmaktadır (Özyiğit vd., 2007; Tokel, 2021). Bununla birlikte pamuk, ithalat 

ve ihracatta önemli bir yere sahiptir. Dünya’da pamuk üretiminde önde gelen ülkeler, ABD, Çin, Hindistan, 

Brezilya, Pakistan, Özbekistan ve Türkiye’dir. Bu yedi ülke pamuk üretiminin %83’ünü karşılamaktadır (FAO, 

2023). Türkiye’deki pamuk üretiminin %85’i Şanlıurfa, Aydın, Diyarbakır, Hatay, Adana ve İzmir’den 

sağlanmaktadır (Anonim, 2021). Ekonomik açıdan bu kadar öneme sahip olan pamuğun birçok hastalık ve 

zararlısı bulunmaktadır. Pamukta en çok görülen zararlıların, Agrotis spp. (toprak kurtları), Aphis gossypii 

(pamuk yaprakbiti), Bemisia tabaci (beyaz sinek), Earias insulana (dikenli kurt), Empoasca spp. (yaprak 

piresi), Heliothis armigera (yeşil kurt), Laphigma exiqua (çizgili yaprak kurdu) Lygus spp. (pamuk piresi), 

Pectinophora gossypiella (pembe kurt), Prodenia litura (pamuk yaprak kurdu) ve Tetranychus spp. (kırmızı 

örümcek) olduğu bildirilmektedir (Anonim, 2011). Son yıllarda pamuk ekim alanlarında bilinçsiz ve 

 
1Alime Bayındır Erol, Pamukkale Üniversitesi, Uygulamalı Bilimler Fakültesi, Organik Tarım İşletmeciliği Bölümü, Çivril-Denizli, Türkiye 
2Batıkan Günal ve Gürkan Semiz, Pamukkale Üniversitesi, Fen Fakültesi, Biyoloji Bölümü, Denizli, Türkiye 
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gereksizce uygulanan pestisitler kalıntı sorunu oluşturarak, insan ve çevre sağlığını tehdit eder konuma 

gelmiştir. Bu kapsamda alternatif mücadele açısından değerlendirilmesi gereken kaynaklardan biri de uçucu 

yağlar olmuştur. Doğada 17.500 aromatik bitki türünün 3.000’nin uçucu yağ içerdiği bilinmektedir (Franzios 

vd., 1997; Kennedy vd., 2000). Uçucu yağ içeren başlıca familyalar ise Asteraceae, Cupressaceae, Lamiaceae, 

Lauraceae, Rutaceae, Myrtaceae, Piperaceae ve Poaceae olarak bildirilmektedir (Campolo vd., 2018). 

Lamiaceae familyasının üyeleri zengin uçucu yağ içerikleri ve aromatik özellikleri ile karakterize 

edilmektedirler. Mentha, Thymus, Origanum ve Salvia cinsleri hem geleneksel hem de modern tıp da önemli 

yer edinmiştir (Naghibi vd., 2005). Thymbra cinsi halk tarafından kekik ya da zahter olarak bilinmektedir. Bu 

cinsin yapraklarının ve uçucu yağlarının parfüm, gıda ve ilaç sanayinde önemli kullanım alanları mevcuttur 

(Eruygur vd., 2021). Yapılan çalışmalara bakıldığında pestisit olarak kullanılma potansiyeli olan yaklaşık 200 

bitki türünün sadece %1’nin değerlendirildiği kaydedilmiştir (Isman, 2000). Bu sebeple yapılan çalışmada da 

zararlılarla mücadelede alternatif yöntemler içerisinde yer alan uçucu yağlardan birinin (Thymbra spicata 

subsp. spicata L. (Lamiaceae)) Aphis gossypii Glover (Hemiptera: Aphididae) üzerindeki etkisi belirlenmeye 

çalışılmıştır. 

 

Materyal ve Metot  

 

Konukçu bitki ve yaprakbiti üretimi  

 

Konukçu bitki olarak belirlenen pamuk bitkisinin tohumları, eşit oranda toprak ve torf karşımı bulanan 

saksıların içerisine ekimleri yapılmıştır. Ekim işleminden sonra günlük bakımları yapılmıştır. Tohumların 

çıkışları sağlanarak, sağlıklı-temiz pamuk bitkileri (10-15 cm boya ulaşan) yetiştirilmiştir. Yetiştirilen bu 

pamuk bitkilerine, sezonda pamuk tarlalarından toplanarak laboratuvara getirilen A. gossypii bireyleri 

(teşhisler Prof. Dr. Ali Kemal Birgücü tarafından yapılmıştır) bulaştırılarak üremeleri için beklenmiştir. 

Böylece denemelerde kullanılacak olan yaprakbiti stok kültürü oluşturulmuştur. Sağlıklı-temiz pamuk bitkileri 

ile yaprakbitlerinin üretimi 25+1°C sıcaklık, %60±5 orantılı nem ve 16:8 (aydınlık: karanlık) fotoperiyot 

koşullarının sağlandığı iklimlendirme dolaplarında yürütülmüştür. 

 

Uçucu yağın elde edilmesi 

 

Thymbra spicata subsp. spicata örnekleri Antalya ili Tahtalı Dağı’ndan (400 m) haziran ayında çiçeklenme 

döneminde toplanmış ve oda sıcaklığında kurutulmuştur. Kurutma işleminden sonra hidrodistilasyon ile 

Clevenger kullanılarak uçucu yağ elde edilmiştir (Semiz vd., 2016; Semiz vd., 2018). Hidrodistilasyon 

işleminde bitkinin toprak üstü kısımları kullanılmış (100 g) ve 3 saat süreyle kaynatılmıştır. Uçucu yağın 

kimyasal bileşimi Gaz Kromotografisi-Kütle Spektrometresi (GC-MS) (Hewlett Packard, Wilmington, DE, 

ABD) ile belirlenmiştir. Elde edilen uçucu yağının kimyasal içeriği Çizelge 1’de verilmiştir. 

 

Çizelge 1. Thymbra spicata subsp. spicata uçucu yağının kimyasal içeriği ve miktarı 
Bileşik* RI** Miktar (%)*** 

α-thujene 930 2.96 

α-pinene 937 1.50 

camphene 952 0.74 

sabinene 971 0.27 

β-pinene 979 0.53 

β-myrcene 991 3.18 

α-phellandrene 1004 0.83 

α-terpinene 1017 4.71 

p-cymene 1021 7.49 

3-carene 1024 0.83 

γ-terpinene 1060 16.43 

borneol 1166 4.13 

carvacrol 1299 48.44 

trans-β-caryophyllene 1409 4.73 
* Bileşikler, HP-5MS kolonundan elüsyon sırasına göre listelenmiştir. 

** RI: C8 ile C24 n-alkanlara göre HP-5MS sütununda tutma endeksleri (Babushok vd., 2011). 

***Yüzde bileşimleri GC pikleri ile hesaplanmıştır. 
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Denemelerin kurulması ve değerlendirilmesi 

 

Denemelerde 5 cm çapındaki petri kapları yanlarından yükseltilmiş bir şekilde kullanılmıştır. Her bir petri 

kabının tabanına nemlendirilmiş sünger üzerine kurutma kâğıdı serilerek, üzerine bir adet pamuk yaprağı 

yerleştirilmiştir. Her bir yaprak üzerinde yaprakbitlerinin kaçışını engellemek için özel alanlar oluşturularak, 

ikinci dönem yaprakbitleri bu alanlar içerisinde aktarılmıştır. Sonrasında farklı konsantrasyonlarda hazırlanan 

uçucu yağ solüsyonları el püskürtme aleti ile yaprakbitlerinin üzerine üç kez püskürtülmüştür (2±0.5 mg1-1 

cm-2). Kontrol gurubunda ise saf su kullanılmıştır. Uygulamalar 10 tekerrürlü ve her tekerrürde 10 birey olacak 

şekilde yürütülmüştür. Denemeler 25±1°C sıcaklık, %60±5 orantılı nem ve 16:8 (aydınlık: karanlık) 

fotoperiyot koşullarının sağlandığı iklimlendirme dolaplarında gerçekleştirilmiştir. Uygulamaların 1., 3., 5., 7. 

ve 9. günlerinde canlı ve ölü bireyler sayılarak kaydedilmiş ve yüzde ölüm oranları hesaplanmıştır. Elde edilen 

verilere açı transformasyonun ardından, tek yönlü varyans analizi (One-Way ANOVA) uygulanmış ve 

istatistiksel farkların belirlenmesi amacıyla Tukey’s HSD çoklu karşılaştırma testine tabi tutulmuştur (Tukey, 

1949). İstatistiksel analizler SPSS® 20.0 paket programı ile yapılmıştır.  

 

Bulgular ve Tartışma  

 

Bu çalışmada T. spicata subsp. spicata uçucu yağının %1, 0.5, 0.25, 0.125 ve 0.0625 ml’lik 

konsantrasyonlarının A. gossypii’nin ikinci dönem nimflerine uygulanması sonucunda oluşan etki sonuçları 

kaydedilmiştir. Üçüncü ve 5. gün sayım sonuçlarında %1 ml’lik konsantrasyondaki ölüm oranı diğer 

konsantrasyonlardan farklı bir istatistiki grupta yer almıştır. Birinci, 7. ve 9. gün sayım sonuçlarında ise tüm 

konsantrasyonlarda meydana gelen ölüm oranları aynı istatistiki grup içerisinde değerlendirilmiştir. Birinci 

gün sayımlarında meydana gelen ölüm oraları arasında istatistiki farklılık kaydedilmemiş ve en yüksek ölüm 

oranı %10 (%1 ml’lik konsantrasyonda) olarak belirlenmiştir. Üçüncü gün sayımlarında ölüm oranları arasında 

istatistiki farklılık kaydedilmiş ve en yüksek ölüm oranı %38 (%1 ml’lik konsantrasyonda) olarak 

belirlenmiştir. İstatistiki olarak aynı grupta yer alan 0.25 ml ve 0.0625 ml’lik konsantrasyonlarda sırasıyla %9 

ve %11’lik ölüm oranları tespit edilmiştir. Beşinci gün sayımlarında ölüm oranları arasında istatistiki olarak 

farklılık kaydedilmiş ve en yüksek ölüm oranı %71 (%1 ml’lik konsantrasyonda) olarak tespit edilmiştir. 

İstatistiki olarak aynı grupta yer alan 0.5 ml ve 0.125 ml’lik konsantrasyonlarda sırasıyla %36 ve %38’lik ölüm 

oranları kaydedilmiştir. Beşinci gün sayımlarında istatistiki olarak aynı grupta yer alan 0.25 ml ve 0.0625ml’lik 

konsantrasyonlarda sırasıyla %32 ve %26’lık ölüm oranları tespit edilmiştir. Uygulamaların 7. ve 9. gün 

sayımlarında meydana gelen ölüm oranları arasında istatistiki olarak farklılık kaydedilmemiştir. Bu sayım 

günlerinde en yüksek ölüm oranları sırasıyla % 79 ve % 81 (%1’lik konsantrasyonda) olarak tespit edilmiştir 

(Şekil 1). 

 

 
Şekil 1. Thymbra spicata subsp. spicata uçucu yağının farklı konsantrasyonlarına maruz kalan Aphis gossypii bireylerinin 

yüzde ölüm oranları (Her bir gün için ayrı ayrı olmak üzere farklı harfler ile gösterilen sütunlara ait ortalamalar (±standart hata) 

arasındaki farklar istatistiksel olarak önemlidir (Tukey's HSD testi P≤0.05). 

 

Lamiaceae familyasından kekik bitkisine ait Türkiye’de Thymus, Origanum, Satureja, Tymbra ve 

Coridothymus cinsleri bulunmaktadır (Davis, 1982; Başer ve Kırımer, 2018). Bu türlerin uçucu yağlarının 

ortak özellikleri, ana bileşenlerinde thymol ve/veya carvacrol yer almasıdır (Bahtiyarca Bağdat, 2006; 

Sarıkaya, 2019). Carvacrol, γ-terpinene, p-cymene bileşenleri Thymbra’nın uçucu yağlarının %70'ini 
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oluşturmaktadır. Bununla birlikte T. spicata’nın uçucu yağında α-pinene, myrcene, α-terpinene, β-terpinene, 

γ-terpinene, 1,8-cineole, p-cymene, β-caryophyllene, α-terpineol ve thymol de yer almaktadır (Hancı vd., 2003; 

Baydar vd., 2004). Yapılan çalışmalarda T. spicata subsp. spicata’nın antifungal, antimikrobiyal, 

antibakteriyal, antioksidan ve sitotoksik etkinliğe sahip olduğu kaydedilmiştir (Eruygur vd., 2017; Ertürk vd., 

2017; Yılar ve Bayan, 2018; Çinar vd., 2018). Tetrancyhus cinnabarinus (Acarina: Tetranychidae) ergin 

bireyleri üzerine 5.0 ve 7.5 μg ml−1 konsantrasyonlarda uygulanan T. spicata subsp. spicata uçucu yağı etkili 

bulunmuştur (Sertkaya, vd., 2010). Depo zararlıları üzerine uygulanan thymol ve carvacrol içeren uçucu 

yağların repellent yani uzaklaştırıcı etki gösterdiği sonucuna ulaşılmıştır (Wang vd., 2015; Koutsaviti vd., 

2018; Liang vd., 2018; Zhang vd., 2019). Önemli bir orman zararlısı olan Thaumetopoea pityocampa 

(Lepidoptera: Notodontidae) üzerine T. spicata uçucu yağının uygulanması sonucunda %80 ölüm oranı tespit 

edilmiştir (Yiğit vd., 2019).  

Yaprakbitlerine farklı uçucu yağların uygulanması sonucunda elde edilen sonuçlara bakıldığında; Salvia 

officinalis, S. rosmarinus, Mentha piperita ve M. longifolia uçucu yağlarının Aphis punicae (Hemiptera: 

Aphididae) üzerine uygulanması sonucunda LC50 değerleri 1.57-2.97 µg ml-1 olarak kaydedilmiştir (Sayed 

vd., 2022). Eucalyptus globulus uçucu yağının %15 konsantrasyonda Aphis fabae (Hemiptera: Aphididae) 

bireylerine uygulanmasından iki saat sonra en yüksek ölüm oranı %87.5 olarak belirlenmiştir (Harizia vd., 

2020). Thymus vulgaris ve Rosmarinus officinalis uçucu yağlarının Macrosiphum rosae (Hemiptera: 

Aphididae) popülasyonuna uygulanması sonucunda %90.21±1.12 ve %86.12±1.02 ölüm oranları 

kaydedilmiştir (Najafabadi vd., 2018). Yapılan bir başka çalışmada ise Mentha piperata ve Mentha 

pulegium uçucu yağlarının A. gossypii bireylerine uygulanması sonucunda LC50 değerleri 15.25 ve 23.13 

olarak kaydedilmiştir (Ebadollahi vd., 2017). Cymbopogon citratus uçucu yağının Myzus persicae (Hemiptera: 

Aphididae) bireylerine farklı konsantrasyonlarda uygulanması sonucunda LC50 değeri %0.28 tespit edilmiştir 

(Costa vd., 2013). Yapılan bir başka çalışmada ise Laurus nobilis, Foeniculum vulgare, Juniperus oxycedrus 

ve J. excelsea uçucu yağlarının Brevicoryne brassicae (Hemiptera: Aphididae) bireyleri üzerinde etkili olduğu 

sonucuna ulaşılmıştır (Işık ve Görür, 2009).  

 

Sonuç 

 

Sonuç olarak, yapılan bu çalışmada T. spicata subsp. spicata’dan elde edilen uçucu yağın A. gossypii 

nimflerine uygulanması sonucunda %1 ml’lik konsantrasyonda en yüksek %81 oranında ölüm oranı 

kaydedilmiştir. Uçucu yağın düşük konsantrasyonlarda uygulanması sonucunda da etkili olduğu, 

konsantrasyon artışına bağlı olarak etkinliğinin yükseldiği görülmüştür. T. spicata subsp. spicata uçucu 

yağının A. gossypii’nin mücadelesinde biyoinsektisit olarak kullanılabilme potansiyeli olduğu kanaatine 

varılmıştır. Elde edilen bu sonuçlar, bu uçucu yağ ile ilgili yapılacak daha sonraki çalışmalar için ışık tutacaktır. 
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Abstract: This study involved a comprehensive review of academic articles on perishable food products published between 2012 

and 2022. The classification of the products throughout the evaluation procedure took into account the supply, manufacture, processing, 

storage, and consumption locations. General analyses were conducted on the articles reviewed within the purview of the study, 

including the distribution of the articles in terms of time, geography, index information, and citation data. The scope of the study in 

perishable supply chain management, the methodologies, and the objective function were classified for the pertinent articles in the 

detailed analysis. This study is distinct from other literature reviews in that it divides research on perishable food goods into categories 

based on the supply chain impact area. 

Keywords: Perishable products, supply chain management, optimization 

Bozulabilir Ürünlerin Tedarik Zinciri Yönetiminde Optimizasyon Stratejileri: Bir Literatür Taraması 

Öz: Bu çalışma, 2012 ile 2022 yılları arasında çabuk bozulan gıda ürünleri hakkında yayınlanan akademik makalelerin kapsamlı bir 

incelemesini içermektedir. Değerlendirme prosedürü boyunca ürünlerin sınıflandırılmasında tedarik, üretim, işleme, depolama ve 

tüketim yerleri dikkate alınmıştır. Çalışma kapsamında incelenen makaleler üzerinde, makalelerin zaman, coğrafya, indeks bilgileri ve 

atıf verilerine göre dağılımlarını içeren genel analizler yapılmıştır. Bozulabilir tedarik zinciri yönetiminde çalışmanın kapsamı, 

metodolojileri ve amaç fonksiyonu, detaylı analizde ilgili maddeler için sınıflandırılmıştır. Bu çalışma, çabuk bozulan gıda ürünleriyle 

ilgili araştırmaları tedarik zinciri etki alanına göre kategorilere ayırması bakımından diğer literatür incelemelerinden farklıdır. 

Anahtar Kelimeler: Bozulabilir ürünler, tedarik zinciri yönetimi, optimizasyon 

Introduction 

Production processes can become more productive thanks to developing technology and engagement with 

other markets has also risen thanks to the growth of communication channels. Global competition has risen as 

a result of this circumstance. Businesses have started using alternate searches to stay sustainable in this 

cutthroat atmosphere as a result of the rise in worldwide competitiveness. In this endeavor, they sought to 

reduce lost expenses while maintaining quality by utilizing already-available resources including personnel, 

time, cost, and capacity. Because of this, they have begun to employ operations research (OR) techniques to 

reduce expenses, identify bottlenecks in the system, and enhance procedures. 

The OR solution examples are based on F. Wilson Taylor's strategy for using scientific methods to boost 

industry production (Öztürk, 2013). OR attempts to identify the best course of action for the chosen aim by 

developing a mathematical model for the issue. The process of allocating limited resources also employs OR 

approaches (Öztürk, 2013). In this situation, specialists look at logistics expenses as a scarce resource and use 

OR techniques to develop better alternatives for decision-makers. 

Logistic expenses can reach %30 of the product's selling prices (Şen, 2014). Since the rate of costs of 

logistics activities is high, supply chain issues have become important in recent years to reduce these costs 

(Mönch et al., 2018). Supply chain management (SCM) performance in the agricultural industry has become 

more important as product decay costs are added in addition to logistics costs in perishable goods (Kumar et 

al., 2020). 

Depending on the specifics, SCM process components can be separated into a variety of stages. SCM is 

categorized generally into three stages: supplier, business, and customer (Basset et al., 2018). Planning, 

estimating, raw material supply, storage, production, distribution, retailing, and end-user customer are the 

SCM phases that are broken down into further detail (Anitha and Patil, 2018).   
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In the context of this study, 50 academic articles were reviewed, including optimization studies done in 

SCM procedures for perishable goods. The SCM process has been assessed in five parts, including the 

acquisition of raw materials, production, processing of the created product, transfer or storage of the processed 

products to the sales points, and the client side where the consumption point is at the last step. Analyzed were 

the stage in the SCM processes where the evaluated articles were, the problem they solved, the areas where 

academic research are centered, the techniques employed, and the overall descriptive statistics of the pertinent 

articles. To establish which areas could be explored in the upcoming periods, a gap analysis was done. 

Literature 

Research on perishable products conducted in various years and with various focuses was analyzed in 

literature review articles that looked at articles on perishable product SCM optimization that were finished 

between 2012 and 2022. 

SCM, which occurs between the production and consumption locations of fresh goods including vegetables, 

fruits, and flowers, was the subject of an analysis of 86 academic studies done between 1989 and 2009. The 

articles under examination were categorized according to problem, technique, structural quality, background, 

and geographic region (Shukla and Jharkharia, 2013).  

Amorim et al. (2013) looked at 33 papers, including models for the planning of perishable products in the 

production and distribution processes that were created between 1986 and 2011. The idea of perishability in 

TZs from various industries was looked at, process-based classifications were developed, and academic studies 

of production and distribution systems were looked at generally (Amorim et al., 2013).  

For the purpose of enhancing the quality of TZ so that farm products like milk, meat, and vegetables, which 

have a rapid deterioration process, reach their consumption sites, 481 articles were reviewed from 1994 to 

2013 in total. It was observed that the articles in the study, in which the TZ quality classification was produced, 

mostly focused on the supplier, distributor, producer, retailer and consumer processes. It has been noted that 

the quantity of articles varies depending on the countries' level of development (Siddh et al., 2015). 

43 articles were reviewed about TZ research on agricultural products, conducted between 1983 and 2013, 

were looked at in their study. Studies that offer an integrated plan of harvesting and processing operations have 

been looked at to reduce product losses because agricultural products are very perishable (Kusumastuti et al., 

2016). 

In the context of Agricultural SCM, researches carried out between 2006 and 2016 were critically examined. 

Studies have been categorized into 4 categories: agricultural SCM, policies influencing agricultural SCM 

segments, SCM individual segments and TZ segment performances in order to highlight the gaps in the 

literature (Ganeshkumar et al., 2017). 

42 articles were examined which are published between 1993 and 2015 on risk management for agricultural 

products. Using agricultural SCM, the models created for risk management were thoroughly reviewed 

(Behzadi et al., 2017). 

When the studies on the sustainable logistics of perishable food products transported by cold TZ between 

1985 and 2017 are examined, due to the lengthening of delivery times in cold TZ, It has been seen that the 

expenditures for energy and product wastes increase. Studies on the long-term viability of cold TZ 

transportation have grown in recent years. It has been noted that the USA and Italy have made the greatest 

academic contributions in this area (Vrat et al., 2018). 

84 academic research on data-based SCM challenges, including FQ procedures for perishable food goods, 

as well as emerging technical prospects, such the internet of things, blockchain and big data, were reviewed 

and an application framework suggested (Kamble et al., 2020). 

Given that sustainability plays a significant impact in SCM performance, 41 articles analyzed that were 

studied between 2014 and 2020 for sustainable SCM for perishable products (Nabil et al., 2021). 

It was reviewed at 74 optimization studies for perishable food products that were designed for planning at 

the harvest and manufacturing stage and published between 2000 and 2020. The articles were looked at in 

three scopes: the problem's breadth, the generated model's qualities and its methodology. A new classification 

has been proposed for articles (Taşkıner and Bilgen, 2021). 

In a study 54 articles looked at that published between 2005 and 2020 about the activities of production, 

inventory management and distribution in the Supply Chain (SC) for perishable products was undertaken 

(Mirabelli and Solina, 2022). 

It was decided to conduct this study since there isn't one that assesses the optimization studies in SCM for 

perishable agricultural and food goods encompassing the years 2012–2022. 50 of the 243 articles found for 
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perishable food products between 2012 and 2022 were chosen in this context and thoroughly reviewed. Within 

the parameters of the review, the articles were first examined generally, including their geographic and 

temporal distribution, then were the articles' specifics examined in detail.  

Method 

SCM was rated as having 5 stages within the parameters of this study before articles were looked at. The 

steps between the manufacturing choice and the consumption point were considered when determining these 

stages. 

Stage 1: It is the supplier stage. It is the supplier stage where the needs such as seeds, fertilizers, drugs and 

equipment belonging to the product decided to be produced are provided. 

Stage 2: It is the field stage. It is the production stage where the planting, cultivation and harvesting 

processes of the product to be produced are managed. 

Stage 3: It is the facility phase. It is the stage of the warehouse, facility or factory where the harvested 

product is stored, processed and packaged. 

Stage 4: Retailer stage. It is the retailer stage that procures, stocks and sells products from the 3rd stage 

depending on the demand before the consumption point of the products. 

Stage 5: It is the customer stage where the product is consumed. 

These five stages are illustrated in detail in Figure 1. 

Figure 1. Agriculture products' operational phases between the points of production and consumption 

For perishable food products published after 2012, use the terms facility site selection, harvest planning, 

routing, and inventory management in search engines like Google Scholar, Web Of Science, Scopus, etc. With 

the use of database searches, 243 articles were found in the first phase. 50 of these articles were chosen, and 

they underwent a thorough study. The chosen articles underwent a two-stage analysis. The first stage involved 

a broad examination of the articles' chronological and geographic distribution as well as an index study of the 

journals' which the articles had been published. A thorough study of the articles was done in the second stage. 

Brief summaries of the articles, the stages that the studies cover in Figure 1, the variety of the products 

examined as case studies, the distribution of citations, the methodologies used, the purpose functions and the 

analysis of the problems in which the study produces solutions in perishable SCM were all analyzed. An 

academic gap analysis was conducted as a result of the investigation, which identified the regions in which the 

articles were concentrated. 

General assessment of the articles 

This section examines the index reviews of the journals that contain the articles as well as the articles' 

overall chronological and geographic distribution. For the 50 articles that were examined, a total of 35 various 

scholarly journals were used. In Table 1, the index distributions of these journals and the total number of 

analyzed articles are given in detail.  

Table 1. Quantity of Articles in Journals and Journal Indexes 

Journals Articles SCI Scopus WOS Others 

International Journal of Production Economics 7 + + 

Computers and Industrial Engineering 6 + + + 

European Journal of Operational Research 3 + + 

Annals of Operations Research 2 + + + 

Applied Mathematical Modelling 2 + + + + 

Mathematics 1 + + + + 

Journal of Industrial Engineering International 1 + + 

biosystems engineering 1 + + + + 

Supplier
(Seed, fertilizer, 
equipment, etc.)

Planted
fields

Production facility
(Processing, Packaging, 

Storage, etc.)

Retailers
(Sales, Storage)

Client
(Final Consumption

Point)

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
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Journals Articles SCI Scopus WOS Others 

Cleaner Product 1 + + 
 

+ 

Journal of Mathematical Modelling and Algorithms in 

Operations Research 

1 
 

+ 
  

Computers and Chemical Engineering 1 
 

+ 
 

+ 

Physica A: Statistical Mechanics and its Applications 1 + + 
 

+ 

Transportation Research Part E 1 + + 
 

+ 

Case Studies on Transport Policy 1 
 

+ 
 

+ 

Production and Operations Management 1 
   

+ 

Agricultural Systems 1 + + + + 

Computers and Operations Research 1 + 
  

+ 

Journal of Manufacturing Systems 1 + + + + 

Journal of Modelling in Management 1 
 

+ 
 

+ 

Axioms 1 + + + + 

Logistics Operations and Management for Recycling 

and Reuse  

1 
   

+ 

Mathematical Methods of Operations Research 1 + + 
 

+ 

Flexible Services and Manufacturing Journal 1 
   

+ 

Modeling Food Processing Operations 1 + 
  

+ 

IFAC-PapersOnLine 1 
 

+ + + 

Procedia - Social and Behavioral Sciences 1 + 
  

+ 

Research in Transportation Business & Management 1 + 
  

+ 

Scientific Programming 1 + + + + 

Simulation Modelling Practice and Theory 1 + + + + 

International Journal of Production Research 1 + + 
 

+ 

Central European Journal of Operations Research 1 + + 
 

+ 

International Journal of Productivity and Performance 

Management 

1 
   

+ 

Scientia Iranica 1 + + 
 

+ 

Journal of Cleaner Production 1 + + 
 

+ 

Journal of Food Engineering 1 + + + + 

 

Figure 2 shows the breakdown of the reviewed articles by years.  

 

 
Figure 2. Distribution of articles by years 

 

Figure 3 the distribution on the map in which regions the examined articles were studied. 
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Figure 3. Article Distribution by Geographical Regions 

 

Table 2 shows the distribution of the total number of citations of the articles by country. According to the 

academic significance of the relevant article, as well as its age and the caliber of the journal in which it was 

published, the number of citations varies. 

 

Table 2. Number of Citations of Articles by Country 

Country Citations  Country Citations 

Denmark 722  Spain 104 

Iranian 577  Holland 87 

Germany 505  Turkey 79 

Chinese 354  Vietnamese 77 

USA 334  Portugal 66 

Mexican 324  Colombia 52 

UAE 299  Thailand 33 

Italy 203  Brazil 32 

India 187  Australia 21 

Sweden 152  Greece 16 

 

Detailed analysis of articles 

 

The studies' evaluated articles all came out after 2012, according to the study's focus. The distribution of 

the articles is primarily dispersed in a way to cover the production, facility, and retail processes, as can be 

observed when the distribution is analyzed in accordance with the five stages described at the beginning of the 

chapter. Figure 4 gives the graph of the repetition frequencies of this distribution. The references for the stages 

that the pertinent articles cover are included in accordance with the five stages identified in Table 3 below. 

 
Figure 4. Article distribution based on coverage 

 

Num. Of Art. Supplier Field Facility Retailer Customer

2 Articles

3 Articles

5 Articles

22 Articles

17 Articles

1 Article

Total 2 32 46 42 1
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Table 3. Article scopes and references to related articles 

Article Scopes Related Article Ref. 

Studies on the processes of acquiring raw 

materials, producing it, processing it at the 

plant, and selling it 

(Huh et al., 2020), (Goli et al., 2020) 

Studies focusing on the topic disciplines' 

development stages 

(Toro et al., 2012), (Huh and Lall, 2013), (Junqueira and Morabito, 

2019) 

Studies covering the stages of production in 

the field, processing at the facility, and retail 

studies covering the processing and retail 

stages of the research facility studies 

covering the phases between production and 

facility in the disciplines of research 

(Diatha et al., 2012), (Khamjan et al., 2013), (Jonkman et al., 2018), 

(Suryawanshi and Dutta, 2021), (Ge et al., 2022) 

Studies on the consumer and retail stages of 

research 

(Ahumada et al., 2012), (Demirtaş and Tuzkaya, 2012), (Morganti and 

Feliu, 2014), (Govindan, et al., 2013), (Ghezavati et al., 2015), (Keizer 

et al., 2015), (Etemadnia et al., 2015), (Wu et al., 2015), (Castro et al., 

2017), (Pasandideh et al., 2017), (Zhang et al., 2017), (Keizer et al., 

2017), (Dai et al., 2018), (Ge et al., 2018), (Lia et al., 2019), (Dutta 

and Shrivastava, 2019), (Chao et al., 2019), (Yakavenka et al., 2020), 

(Liu et al., 2021), (Kieu et al., 2021), (Wang et al., 2021), (Esteso et 

al., 2021) 

Studies on the processes of acquiring raw 

materials, producing it, processing it at the 

plant, and selling it 

(Amorim et al., 2012), (Drezner and Scott, 2013), (Manzini and 

Accorsi, 2012), (AriaNezhad et al., 2013), (Khalili-Damghani et al., 

2015), (Flores et al., 2015), (Hiassat et al., 2016), (Rashidi et al., 

2016), (Azadeh et al., 2017), (Musavi and Amiri, 2017), (Accorsi et 

al., 2017), (Albrecht and Steinrücke, 2018), (Rahbari et al., 2019), 

(Navazi et al., 2019), (Onggo et al., 2019), (Ji et al., 2020), (Alkaabneh 

et al., 2020) 

Studies focusing on the topic disciplines' 

development stages 
(Farahani et al., 2012) 

 

It was observed that 29 articles made case studies for processed items with limited shelf life, and 21 articles 

made case studies for unprocessed agricultural products, while considering the product distribution in the 

sectors, which was done as a case study in the articles. 

When the articles' keywords were examined, it was discovered that "Supply Chain," "Perishable," and 

"Location" were the first three most frequently used terms.  

 

Table 4 shows the distribution of the most repeated keywords expressions. 
 

Table 4. Frequency of Keywords 

Keywords Frequency  Keywords Frequency 

Supply Chain 31  Agricultural 9 

Perishable 25  Metaheuristic 8 

Location 21  Distribution 7 

Routing 16  Model 6 

Inventory 14  Sustainability 6 

Food 13  Transport 6 

Optimization 12  Scheduling 5 

Algorithm 11  Network 5 

 

When the methods used in the examined articles were examined, it was seen that more than one method 

could be used in some articles. When the number distribution of the methods in the articles is examined, it is 

seen that predominantly mixed integer linear programming model is created. Repetition frequencies of other 

methods are shared with Figure 5. 
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Figure 5. Repetition Frequency of Methods Used in Articles 

 

In the cases analyzed for the articles, 21 of them have capacity restrictions, and 8 of them provide outcomes 

with a time window. Examining the article scopes revealed that certain items were examined in more than one 

scope. When the articles' specific foci were investigated, it became clear that 31 of them were positioned, 28 

were assigned, 28 were routed, 23 were about inventory management, and 8 were about harvest time. 

17 of the items under examination have multiple uses. Examining the repetition frequencies of the objective 

functions, it was discovered that 45 articles, or 90% of them, concentrated on minimum cost. There are 22 

articles that try to reduce the losses and decays linked to the lowest cost. Figure 6 provides repetition 

frequencies for additional uses. 

 

 
Figure 6. Frequency of Repetition of Objective Functions in Articles 

 

In the previous sections, the agricultural production process was divided into 5 stages. The general summary 

of the studies, which limited the scope of the research to cover between the phase 1 and phase 4 according to 

these 5 stages, is given in Table 5. 

 

Table 5. Academic Research Between the Stages of Supplier and Retailer (Phase 1 to Phase 4) 

Ref. Article brief summary 

(Biuki et 

al., 2020) 

A model for resolving integrated location, route, and inventory challenges has been created in order 

to enhance logistics processes for perishable food products. The model has three objectives. Particle 

swarm optimization, genetic algorithms, and mixed integer linear programming are employed. It 
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sought to maximize the durability of the positive social impacts in the third goal while minimizing 

costs in the first and second goals and minimizing environmental problems in the third. 

(Goli et 

al., 2020) 

A multi-level, multi-period supply chain management model that encompasses many perishable 

food products has been built using integrated mathematics. The multi-purpose approach seeks to 

reduce expenses, reduce CO2 emissions, and increase social effect. For issue solution, a brand-new 

hybrid algorithm built on the whale optimization algorithm (WOA) and genetic algorithm (GA) is 

suggested. 

 

The general summary of the articles, which limited the scope of the research to cover only the phase 2, is 

given in Table 6. 

 
Table 6. Academic Research Including the Field Stage (Phase 2) 

Ref. Article brief summary 

(Toro et al., 

2012) 

The harvest model, which will forecast the maturity of the wheat based on the moisture in the 

wheat, has been simulated hourly throughout the 30-year harvest period while taking into 

account weather data from Stockholm, Sweden. As cost components for wheat, machinery, 

labor, punctuality, and drying process costs were included. For the three planting zones, various 

combinations were assessed. 

(Huh and Lall, 

2013) 

For the farmers who produce using the contract farming application, a model that takes into 

account pricing and climate-related uncertainty optimizes the irrigation plan for the cultivated 

area. The type of crop planted and the local climate's precipitation can both be taken into 

consideration when deciding how much water to use for irrigation. Two stochastic models were 

created for problem-solving, and the Ganganagar region in Rajasthan, India, was used to assess 

the model's reliability. 

(Junqueira and 

Morabito, 

2019) 

In Brazil's sugarcane production regions, a mixed integer programming model has been created 

to create harvest plans that minimize both costs and harvest times. The proposed model directed 

equipment like combine harvesters required for harvesting while taking into consideration 

vehicle capabilities. The concept allows for the creation of harvesting with a temporal window. 

The developed model was solved by heuristic approaches. 

 

The general summary of the studies that limited the scope of the research to cover the phase 2 and phase 3 

is given in Table 7. 

 

Table 7. Academic Research Between the Stages of Field and Facility (Phase 2 to Stage 3) 

Ref. Article brief summary 

(Diatha et al., 

2012) 

A model has been created for the production of mushrooms, which have a short shelf life, 

must be produced under precise guidelines, and degrade quickly after being harvested. When 

considering the shelf life of the product, prompt delivery to the market or packaging facilities 

after the mushrooms are harvested is essential. A versatile location-orientation model has 

been created using the established model to allow a dynamic purchase and distribution 

strategy. 

(Khamjan et al., 

2013) 

In the process of harvesting goods in Thailand's sugarcane production regions, loading them 

from loading stations, and transporting them to the factory, a cost-minimization-oriented 

model has been created to pinpoint the sites of capacity-constrained loading stations. In order 

to maximize profitability, the objective function includes, in addition to investment and 

transportation costs, the goal of harvesting sugar cane during the time when it is most fruitful. 

(Jonkman et al., 

2018) 

The Netherlands has devised a model to maximize profits in logistical and operational 

activities between the facilities where sugar beet processing is carried out and the fields where 

production takes place, as well as to lower environmental carbon dioxide emission values. It 

was observed that the model performed better when the stochastic structure took into account 

the uncertainty in demand and harvest efficiency. 

(Suryawanshi 

and Dutta, 2021) 

By simultaneously taking into account the demand uncertainties and product deterioration on 

a real scenario of a kiwi distribution company, a cost minimization oriented model has been 

constructed. The created model piecewise approach algorithm was employed in conjunction 

with mixed integer linear programming. 

(Ge et al., 2022) Regional food and wholesale centers, as well as small and medium-sized perishable product 

manufacturers and collection and distribution facilities, were the subjects of a research in the 

USA. The established model aids in identifying the ideal size, ideal number of businesses, 

and best locations for facilities. 
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The general summary of the studies that limited the scope of the research to cover the phase 2 and phase 4 

is given in Table 8. 

 

Table 8. Academic Research Between the Stages of Field and Retailer (Phase 2 to Stage 4) 

Ref. Article brief summary 

(Ahumada et 

al., 2012) 

They created a stochastic tactical planning model that takes into account the uncertainties in 

the processes of production and distribution plan development brought on by variations in the 

weather and consumer demand for the cultivation of perishable fresh produce. The approach 

gives firms the freedom to select a manufacturing strategy based on various levels of risk. The 

created model was investigated using a producer in Mexico who was producing fresh 

vegetables as a case. As opposed to analyses using a deterministic framework, analyses using 

a stochastic model produced more profitable outcomes and reduced product waste. 

(Demirtaş and 

Tuzkaya, 2012) 

They looked at research done on fruit and vegetable markets and considered how production, 

storage, and transportation could be factored into the development of a settlement model. 

According to the study, locating wholesalers and fruit and vegetable markets would have a 

good impact on urban traffic. 

(Morganti and 

Feliu, 2014) 

At urban food establishments, they looked at the supply chain for perishable goods. They 

looked at the idea of a food hub by highlighting the significance of public policy while also 

attempting to boost efficiency with traffic regulation and distribution services in Italy. 

(Govindan, et 

al., 2013) 

To manage the perishable food supply chain network, they created a multi-objective 

optimization model to meet economic and environmental goals. In the first stage of the model, 

fixed and variable costs are reduced, and in the second stage, environmental effects including 

carbon emissions and greenhouse gas emissions are reduced. Particle swarm optimization with 

multiple goals and genetic algorithms were compared in the model's solution. 

(Ghezavati et 

al., 2015) 

A mixed integer programming model has been created for the supply chain approach following 

tomato production in order to maximize profitability when making decisions about the 

distribution of fresh goods. The established model takes into account fair pricing in accordance 

with consumer satisfaction, the freshness and maturity of post-harvest products, and a pricing 

strategy based on freshness value. The Benders' decomposition method was used to find a 

solution due to the size of the model. 

(Keizer et al., 

2015) 

They created a mixed integer programming model that can construct the most cost-effective 

network while taking into account the location and mobility of perishable goods between the 

storage facility and merchants. About MILP with hybrid optimization simulation, the model 

they created was utilized to establish assumptions for uncertainties in procurement, processing, 

and shipping. The study's findings revealed that a drop in product quality resulted in a drop in 

service quality and an increase in product loss. 

(Etemadnia et 

al., 2015) 

For effective management of the supply chain between the production and consumption points 

of perishable food goods, a mixed integer linear programming model has been created. The 

created model was applied to the analysis of several scenarios involving the production and 

distribution network of the vegetable and fruit industry in the USA. 

(Wu et al., 

2015) 

They created a model for the provider with a single perishable food product for demand at 

retail outlets over a range of time periods with varying facility location problems. Cross-

docking between the facilities is assumed, and the retail locations are expected to operate under 

the zero inventory order maxim. When solving problems, the derived mixed integer nonlinear 

model is linearized. The model's suggested solution attempts to reduce the fixed installation 

costs of the facilities, the total cost of the current facilities, the cost of transportation, and the 

cost of inventory. 

(Castro et al., 

2017) 

A mixed linear programming model covering multiple products and multiple stages has been 

developed in order to reduce the product spoilage of fresh fruits grown in mountainous areas 

due to factors like relative humidity and temperature caused by topography, through 

transportation and packaging processes. By establishing a regional supply chain, it was shown 

that product collections saw 8% less loss than the overall average in the different scenario 

analyses they generated with the model result. 

(Pasandideh et 

al., 2017) 

In the supply chain network between supplier, distribution center, and retailer, they created a 

model for the inventory, location, and routing problem for perishable food products with 

stochastic demand. The study only spans a brief period of time. To resolve the issue, the 

Lagrange Relaxation Method was employed. 

(Zhang et al., 

2017) 

For time-sensitive and speculatively demanded fresh food products supplied through electronic 

commerce, they created a two-stage strategy that streamlines the manufacturing, storage, and 

retail outlets. The created methodology seeks to optimize product freshness while reducing 

overall cost. The locations of distribution centers were chosen using the fruit fly optimization 

technique. 
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Ref. Article brief summary 

(Keizer et al., 

2017) 

A mixed integer linear model that will maximize profits by minimizing quality losses and 

decay due to supply time and temperature in the mixed product group in the process between 

the production point and the retail point of sale was developed for the supply chain process of 

perishable food products, and several tests were conducted in the horticultural industry. 

(Dai et al., 

2018) 

They created a model to incorporate the location-inventory issue into the perishable food 

supply chain network. Hybrid genetic algorithms (HGA) and hybrid harmony search (HAA) 

techniques are used in the problem's solution phase since the created model is a mixed integer 

nonlinear problem. It has been observed that HGA provides a solution more quickly than HAA, 

however the quality of the solution is worse. 

(Ge et al., 2018) For the best site choice between production and consumption points of perishable fresh 

products in the USA, they created a mixed integer linear programming model. With the use of 

economies of scale, the study seeks to reduce the overall cost. 

(Lia et al., 

2019) 

They looked into the facility and routing issues for perishable food goods at the same time as 

the packaging strategy. A mixed integer linear program model was created to address the issue. 

The issue was developed in two steps. A total of 320 randomly produced samples from 4 

factories, 50 merchants, 6 periods, and 3 package options were used for the calculations. 

(Dutta and 

Shrivastava, 

2019) 

A cost-oriented 2-stage nonlinear mathematical model was built after the optimal warehouse 

sites between the producer and retail outlets were established in stochastic conditions where 

demand is uncertain due to supply, demand, and process. An actual scenario of milk 

distribution in India has been used to test the pertinent model. Five different scenarios were 

used to conduct the analyses. 

(Chao et al., 

2019) 

A mixed integer linear programming model has been created that will consider the quality of 

perishable products in addition to lowering the overall cost of logistical procedures. The 

created model is divided into two phases: the location-inventory problem is solved in the first 

phase with the aid of a time window, and the transportation issue is resolved in the second 

phase while accounting for vehicle limits. In the study employing the distance-based cluster 

and heuristic approaches, it has been seen that the convergence speed will increase. 

(Yakavenka et 

al., 2020) 

To reduce the price, social time, and emission values of perishable food goods, a multi-purpose 

mixed integer linear programming model has been created. The proposed methodology was 

implemented in the North-Eastern European region's fruit importer's logistics procedures. By 

taking into account these three criteria, the created model examines potential sustainable 

alternatives. 

(Liu et al., 

2021) 

The three-step integrated location-inventory-orientation problem for perishable food products 

has been modelled using linear programming. In the model they created, the overall cost is 

lowered in the first step, the carbon emission values during the procurement process are 

decreased in the second stage, and the product freshness is attempted to be maintained at the 

highest level in the third stage. 

(Kieu et al., 

2021) 

By simultaneously analyzing quantitative and qualitative data in the facility location selection 

process, a hybrid multi-criteria decision making model based on the Global Fuzzy Analytic 

Hierarchy Process (SF-AHP) and the Combined Reconciliation Solution (CoCoSo) algorithm 

has been established. In the supply chain process for the sweet potato product in the Mekong 

Delta of Vietnam, they used the model they established to apply the model in which they could 

determine the position of the facility between the supply and demand locations. 

(Wang et al., 

2021) 

For fruits produced in the Mekong Delta of Vietnam, a multi-purpose mathematical model is 

created to reduce costs, transportation times, emissions, and supply-demand mismatches over 

time. By weighing, the created model integrated the previous objectives into a single goal. The 

model provides tactical options for decisions like harvest time, delivery time, transportation 

type, and route in addition to strategic ones for plant location and size, staff requirements, and 

product flow. 

(Esteso et al., 

2021) 

To account for product perishability, which is taken into account in tactical and operational 

choices in the supply chain for agricultural products, during the design phase of SCM, a mixed 

integer linear programming model has been created. The proposed model underwent scenario 

analyses of several scenarios, taking into account the limitations of perishability in the process 

of planting, harvesting, and transportation. Economic performance has been seen to improve 

in designs that take the perishability of the product into account. The model aids in tactical 

planning for the investments required to increase the product's shelf life while preserving 

profitability. 

 

The general summary of the studies that limited the scope of the research to cover the phase 3 and phase 4 

is given in Table 9. 
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Table 9. Academic Research Between the Stages of Facility and Retailer (Phase 3 to Stage 4) 

Ref. Article brief summary 

(Amorim et al., 

2012) 

In two distinct product groupings for perishable goods with and without a defined shelf life, 

a mixed integer 2-stage model was created. The first step of the model attempts to reduce 

product, transportation, and waste costs. The second stage attempts to maximize the shelf life 

of the products that are to be delivered. In the planning that was integrated with the established 

model, it was found that the economic gain was highly dependent on the product's shelf life. 

(Drezner and 

Scott, 2013) 

The inventory and location issue for perishable food goods between the distribution center 

and the point of sale has been modelled. The distribution center was placed in a flat location 

in accordance with the sales points in the model they devised in an effort to save warehousing 

and transportation. Within the context of their research, the Generalized Weiszfeld Algorithm 

(GWA) and Big Triangle Small Triangle (BTST) methods—two global optimization 

techniques—have been suggested for the resolution of the facility location problem. After 

doing a comparison examination, they discovered that while the BTST approach ensures the 

best outcome, the GWA produces outcomes quickly and with high precision. 

(Manzini and 

Accorsi, 2012) 

A conceptual framework has been developed using a multidisciplinary and integrated 

approach to food logistics by taking into account the criteria of quality, sustainability, 

logistical efficiency, and concurrent control. They conducted a case study on the packaging 

and distribution procedures in the oil sector in order to develop this conceptual framework. 

(AriaNezhad et 

al., 2013) 

It has been attempted to lower the maintenance expenses of a company that processes and 

packages perishable food goods by creating a two-stage model using a genetic algorithm. As 

a result, the issue is examined in a real-world scenario while taking into account real-world 

constraints including manufacturing time, storage capacity, stock level, transportation 

options, and sustainability. 

(Khalili-

Damghani et al., 

2015) 

For perishable food products with a short shelf life, a two-stage mixed integer programming 

model has been created to choose warehouse locations and map out truck routes with a focus 

on cost reduction. The Non-Dominated Sequencing Genetic Algorithm-II approach was 

tailored and employed for problem solving because the problem size is of Np-Difficult status. 

(Flores et al., 

2015) 

A mixed integer mathematical fuzzy model that will execute the logistics tasks between the 

distribution center and the retail distribution sites in a multimodal manner and the deliveries 

with a time frame has been designed for the logistics procedures of fresh fruit. Additionally, 

the concept sought to raise client satisfaction. A two-part evolutionary algorithm is used to 

solve the issue since the uncertainties in the model constraints and the time frame increase the 

size of the model. 

(Hiassat et al., 

2016) 

To examine the location and number of warehouses for perishable goods, the retailer's 

inventory level, and the routes taken by the vehicles that transport the goods, a location 

inventory and routing model has been developed. The genetic algorithm approach was utilized 

because the proposed model is NP-Hard. 

(Rashidi et al., 

2016) 

For the location-inventory problem, a two-stage approach has been created in order to lower 

the costs in the perishable product supply chain. The process of dispatching between the 

primary distribution center and the sub-distribution centers, as well as between the latter two 

locations and the retail sites, is explored in the proposed model. The model was solved using 

a meta-heuristic based on Pareto. By analyzing the performance of the suggested strategy 

using genetic algorithms, it has been found that the Pareto approach produces good results. 

(Azadeh et al., 

2017) 

For perishable food products with a limited shelf life, they created a model that concurrently 

solves the inventory and routing problems to reduce overall costs and loss. The NP-Difficult 

model was solved using a genetic algorithm, and the Taguchi approach was employed to 

improve the performance of the result. The model's reliability was examined in an Iranian 

dairy distribution business. 

(Musavi and 

Amiri, 2017) 

A multi-purpose complex validation program and sustainable center location-vehicle 

scheduling model have been developed for perishable food product distribution operations 

between the distribution center and the point of sale in order to optimize the overall cost, the 

freshness of the food at the time of delivery, and the total carbon emission values of the 

vehicles. Because of the enormity of the problem, the genetic algorithm method, one of the 

meta-heuristic approaches, was employed. A thorough solution is proposed using the created 

method for the supply chain method of perishable food products. 

(Accorsi et al., 

2017) 

To plan the operations of cold storage of fresh cherries in the cold supply chain process and 

conveying them to the client with refrigerated vehicles, a mixed integer linear programming 

model has been created. Given that environmental temperature significantly affects the 

effectiveness of the cold chain, depending on the weather, its impact on energy expenditures 

during storage and transit was examined. Analysis is done on the economic and environmental 

impacts of adjusting cold chain activities according to the weather. 
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Ref. Article brief summary 

(Albrecht and 

Steinrücke, 

2018) 

To reduce delivery times for perishable food items and standardize delivery schedules in an 

effort to maintain the freshness of the product, a mixed integer linear programming model has 

been created. By examining 10 different scenarios that were generated randomly while taking 

into account various numbers of suppliers, warehouses, markets, and product categories, this 

study was found to be valid. 

(Rahbari et al., 

2019) 

A two-stage approach has been established for product shipments from warehouse to customer 

in order to minimize costs and maximize product quality through cross-shipping from 

warehouses. The freshness rate of the supplied products can be up to 74.14% higher with the 

developed model, even while routing-related costs are lowered. 

(Navazi et al., 

2019) 

A model has been developed for the location-orientation problem of the three objective 

functions that will collect the expired products from the retail points and reprocess them in 

the recycling facilities in the logistics operation for perishable food products while the 

vehicles are distributing fresh products. The created model's first goal is to reduce network 

costs, its second goal is to reduce environmental consequences, and its third goal, which will 

maximize factors like the development of new employment possibilities and employee 

happiness, is intended to maximize social impact. Two different multi-objective meta-

heuristic algorithms have been created and modified to the NP-Hard answer due to the scale 

of the problem. 

(Onggo et al., 

2019) 

Since there is only one distributor and client demand is stochastic, they created a mixed integer 

programming model to reduce inventory, transportation, food waste, and stockout costs in 

daily fresh milk delivery procedures. They suggested a simple approach to solve the problem, 

and they put it to the test using a Monte Carlo simulation. It has been found that this method, 

which enables inventory management and route choices to be made in conjunction with the 

established model, produces superior outcomes for present operational procedures with 

tolerable computation times. 

(Ji et al., 2020) For perishable food items with unknown demand, a two-stage model with a time window has 

been created. The first stage of the model is to find the most cost-effective number and 

placement of warehouses, and the second stage aims to reduce the expenses associated with 

routing goods between the warehouse and retail sales outlets. In order to solve the model, a 

robust optimization strategy was applied. 

(Alkaabneh et 

al., 2020) 

A vehicle routing research was done to solve the inventory routing issue for perishable food 

products in order to boost profits, cut down on fuel use, inventory holding, and greenhouse 

gas emissions. For problem-solving, Benders decomposition and a two-stage meta-heuristic 

technique were utilized. 60 clients successfully solved the case analysis including 6 planning 

periods and 4 vehicles within the parameters of the issue. The study's findings led to fuel 

savings of between 2% and 11%. 

 

The general summary of the studies that limited the scope of the research to cover the phase 4 and phase 5 

is given in Table 10. 

 
Table 10. Academic Research Between the Stages of Retailer and Client (Phase 4 to Stage 5) 

Ref. Article brief summary 

(Farahani et 

al., 2012) 

They created a model using mixed integer linear programming for a catering firm serving 

Denmark that combines the production and delivery operations, reducing the time between these 

procedures and enhancing food quality. Aiming to reduce logistics and deterioration costs was the 

objective function of the model, and in practice, encouraging results were attained. 

 

Conclusion 

 

50 publications chosen from those published between 2012 and 2022 are studied and analyzed as part of 

this study's literature review. 

The phased supply chain management for perishable food products was investigated in the article reviews. 

The stages are as follows: the procurement stage, where the needs for seeds, fertilizers, etc. for production are 

met; the field stage, where the products are produced; the facility stage, where the products produced and 

harvested in the field are processed and packaged; the retailer stage, where the storage and sales activities of 

the products ready for sale are carried out; and, at the final point, the customer stage. 

In the publications under evaluation, it is clear that the supply chain management for perishable foods has 

lately increased the use of optimization approaches for the effective and efficient use of resources. It is clear 

that research mostly focus on "Field-Retailer" processes. The number of studies in the "Supplier - Field" and 
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"Retailer - Customer" stages has been seen to be less. According to the frequency of repetition, it has been 

found that the keywords in the articles primarily consist of the words "Supply Chain," "Perishable," "Location," 

"Routing," and "Inventory." 

Weather conditions can have a favorable or negative impact on agricultural product production and supply 

chain management procedures. For instance, while rainy weather enhances the quality of the product 

throughout the growth phase, it can have a negative impact that raises harvest and logistical expenses during 

the harvest season. It has been noted that integrated plans based on weather conditions are absent from the 

planning of the harvesting processes in the articles under consideration. People who are interested in learning 

more about PSCM will keep researching it, helping to close this gap in the literature. 
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