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The Importance of Molecular Marker Technique on Pepper 

(Capsicum spp.) Germplasm Conservation in Nigeria  

Anjola Samson Aninkan1, Mutiu Owolabi Amusa2 

Abstract 

Nigeria is the second largest producer of pepper in Africa with over 50% of the total production 

in west Africa. The rapidly deteriorating impact of climate change on the pepper producing 

agro-ecological zones in the country has led to the urgent need to conserve plant genetic 

material for climate smart breeding programs. Also, previous studies have shown that there is 

replication of many peppers accession across the production areas by farmers thereby posing 

the threat of genetic material loss. This review was aimed at evaluating the germplasm 

conservation and crop improvement potential of molecular markers used in recent studies on 

indigenous strains of Capsicum annum, Capsicum frutescence and Capsicum chinense. Some 

of the Capsicum accessions studied were obtained from the Nigerian National Centre for 

Genetic Resources and Biotechnology (NACGRAB) while some were also gotten from rural 

farmers. The studies made use of Simple Sequence Repeats (SSR), Inter Simple Sequence 

Repeats (ISSR) and Random Amplified Polymorphic DNA (RAPD) markers. In this review, 

we aim at evaluating the effectiveness and suitability of these molecular markers through the 

assessment of parameters such as Polymorphism Information Content (PIC), number of 

polymorphic allele and genetic distance coefficients. We further provided a perspective on the 

uniqueness of the molecular marker technology on proffering solution to the problem of genetic 

material loss due to climate change. We also highlighted future possibility for molecular marker 

development that will enable the exploration of more locus on the pepper genome. 

Keywords: Capsicum, Polymorphism Information Content (PIC), Number of Polymorphic 

Alleles, Genetic Diversity. 

 

1. Introduction 

The genus Capsicum consists of about 35 species five of which have been widely domesticated. 

These are C. annuum L., C. chinenses Jacqs., C. frutescens L., C. pubescens R. and C. baccatum 

                                                
1 Ege University, Department of Horticulture, Faculty of Agriculture. 

2 University of Silesia, Department of Biotechnology, Faculty of Natural Science. 
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L [1]. Pepper has nutritional benefits when used as food additives. The hot Capsicum species, 

by virtue of their rich capsaicin content, have a significant role in pharmacy where they are 

currently being used for different therapeutic purposes [2].  

Over the years, cultivated Capsicum species’ identification and classification have been based 

mainly on morphological, chemical and anatomical features [3]. However, the effect of 

environment on phenotypic traits limits the use of these methods in phylogenetic plant 

classification studies. Also, evaluation of morphological traits of plant materials on the field for 

classification is laborious and time-consuming, especially when a large number of accessions 

are involved. Therefore, molecular markers are used as a more reliable alternative for plant 

genetic material classification and characterization studies. 

Random Amplified Polymorphic DNA (RAPD), Simple Sequence Repeats (SSR) and Inter 

Simple Sequence Repeat (ISSR) are some of the most widely used DNA-based markers that 

has been effectively used in explaining the genetic variation and relatedness within and among 

several capsicum species in Nigeria [4], [5], [6]. RAPD allows polymorphisms in the whole 

genome to be analyzed. It can be used for classification of varieties, identification of cultivars 

and to understand the extent of genetic variation among cultivated lines of the Capsicum genus. 

RAPD and ISSR molecular marker techniques have been widely used to quantify the genetic 

variation due to their simplicity and power to detect differences, even among closely related 

individuals, in species of pepper [7]. 

2. Climatic Threats to Biodiversity 

The existence of indigenous germplasm in Nigeria is being threatened by the continuous 

destruction of the agricultural ecosystem in which they occur. Pepper is popular crop in Nigeria 

and it is largely grown in many parts of the country. The major area for its production is the 

northern region between Latitude 10°N and 12°30'N [8]. The semi-arid and arid arears of 

Northern Nigeria happens to be the place where the Capsicum plant is well adapted. However, 

recent conflicts and climatic crisis in the region poses great threat to plant biodiversity and 

genetic material conservation.  

The problems associated with the changing climate are not similar across the country. Nigeria 

has a tropical climate with two precipitation regimes: low precipitation in the North and high 

precipitation in parts of the Southwest and Southeast. This climatic peculiarity often causes 

differences in the way climate crisis are experienced in the country. There is usually tendencies 

of flooding and erosion in the South; and aridity, drought and desertification in the [9], [10]. 



7. Uluslararası Öğrenci Sempozyumu 

 9 

www.internationalstudentsymposium.com 

Vulnerability analysis has shown that northern states experience higher degrees of vulnerability 

to climate change than the southern states [11],[12]. The Northeast and the Northwest are the 

most vulnerable. The combination of rising heat and less rain has hastened desert encroachment, 

with loss of the wetlands, and fast reduction in the amount of surface water, flora and fauna 

resources on land [13], [9], [14], [12]. 

The Southwest and Southeast are relatively less vulnerable than other parts of the country. 

Within Southern Nigeria, the South-south (Niger Delta region) is the most vulnerable, due to 

sea level rise, increased precipitation, coastal erosion and flooding – which has resulted in the 

displacement of many settlements [15], [12], [16]. The Northern regions of Nigeria, which have 

higher degrees of rurality, are more vulnerable to climate change [11]. 

However, there are germplasm collections of Capsicum species in gene banks all across the 

world. In West Africa, germplasm collections notably include that of the Nigerian National 

Horticultural Research Institute and National Center of Genetic Resources and Biotechnology, 

both in Ibadan, south western Nigeria. Also, out of the many local cultivars grown in West 

Africa, Nigeria alone has over 200 selections of pepper [17].  

In the light of current global threat to plant biodiversity, it is quite imperative for plant scientists 

to investigate genetic diversity in cultivated crops so as to provide useful information on the 

extent of variations emanating from the effects of continuous human selection processes upon 

the domestication of traits [18]. Also important is the genetic characterization of the Capsicum 

diversity in breeding programs and the provision of a rich source of diverse alleles that may be 

needed for future genetic improvement of the pepper crop. Effective characterization will also 

facilitate the collection, maintenance and utilization of genetic resources in gene banks. Thus, 

preventing the loss of genetic materials which could be later explored for superior breeding 

traits. This study aims at evaluating the efficacy of molecular markers in determining correctly 

the level of relatedness or diversity between pepper accessions. 

3. Polymorphic Information Content of Molecular Markers 

The Polymorphism Information Content (PIC) value is an index used to measure the 

informativeness of a genetic marker for linkage studies. PIC measures the ability of a marker 

to detect polymorphisms and is therefore of great importance in the selection of markers for 

genetic studies. 

Evaluations carried out on the genetic relationship within and among the cultivated varieties of 

Capsicum species in Nigeria using ISSR markers, revealed that generally all the ISSR markers 
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used in the study produced clear and reproducible amplification profiles [19]. The efficacy of 

the markers further quantified by PIC values showed that the ISSR primers were effective in 

assessing the genetic relatedness in the varieties of the cultivated Capsicum species. The PIC 

values were greater than 0.2 in all the markers. This is an indication of their effectiveness [20]. 

These results, with respect to the efficacy of the primers based on the PIC values, are also 

consistent with the report of Rana et al. [21] with an average PIC value of 0.60 in C. annuum 

germplasm. However, there was report of higher mean value of PIC (0.77) by Ibarra-Torres et 

al. [22] when they studied inter- and intraspecific differentiation of C. annuum and C. pubescens 

with the use of ISSR markers.  

Oyelakin et al. [4] conducted a study evaluating genetic diversity among 30 indigenous pepper 

cultivars using SSR markers. Pepper accessions used were obtained from rural farmers in 

pepper growing areas of southwestern Nigeria and from the gene bank of the National Center 

for Genetic Resources and Biotechnology (NACGRAB) in Ibadan. The study showed that 

successive usage of 9 and 17 SSR markers for pepper DNA amplification yielded an average 

PIC of 0.62 and 0.75, respectively. This PIC estimate explains the importance and efficacy of 

SSR markers as a tool for genetic studies in pepper. However, Dato et al. [23] were able to 

achieve a higher average of 6.3 alleles per locus, but a lower average PIC of 0.53 among 59 

Capsicum accessions. It was noted from the studies that the differences in PIC values were due 

to the diversity of Capsicum species studied and the total number of lines selected. 

4. Number of Polymorphic Allele 

The number of polymorphic alleles that a molecular marker produces indicates its usefulness 

for detecting genetic variability within a population. A polymorphic gene is one that has more 

than one allele occupying its locus within a population. 

The set of RAPD markers used by Adeyemo and Lawal [6] allowed the detection of 

polymorphic alleles. In their molecular studies, they showed that a total of 176 polymorphic 

alleles were amplified using 18 RAPD markers. Out of a total of 176 polymorphic alleles, 22 

unique alleles were found to be amplified by 9 RAPD markers from the 10 Capsicum cultivars 

studied.  

However, in the study conducted in southwestern Nigeria [4] using 17 SSR markers, a total of 

208 alleles was detected, with an average of 12.24 alleles per locus for each entry. Another 

study also revealed that while a total of 42 polymorphic alleles were produced from 9 SSR 

markers, only 10 ISSR markers produced 90 transparent and polymorphic bands. The SSR and 

https://en.wikipedia.org/wiki/Allele
https://en.wikipedia.org/wiki/Locus_(genetics)
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ISSR markers used in the study produced an average of 4.5 and 9 polymorphic allelic bands per 

locus, respectively [5]. The authors showed in their study that ISSR markers have higher 

polymorphism among Capsicum species compared to SSR markers. It was pointed out that the 

differences in allelic occurrence are a result of the fact that different markers detect different 

variations in the genome, as well as the allelic polymorphism that exists between the species 

analyzed. 

5. Genetic Distance Coefficients 

Accurate identification and classification of botanical species is a crucial step for efficient 

management of germplasm collection. It is the basis for improving any plant species [24]. 

RAPD data was found to be able to separate pepper lines collected from some pepper producing 

states in Nigeria and evaluated at the University of Lagos [6]. The fact that the 24 lines of 

Capsicum species used in the study conducted formed different groups suggested that the 

RAPD markers used were useful in predicting the genetic diversity of Capsicum species. The 

pepper accessions formed different groups and this result showed that the RAPD markers used 

were useful in predicting the genetic diversity of Capsicum species. The Cluster Analysis (CA) 

and Principal Coordinate Analysis (PCoA) results obtained by using SSR data in 2019 [4] 

revealed a high degree of similarity between the accessions and divided the 30 accessions into 

eight groups. The grouping of 25 pepper cultivars according to SSR data obtained also showed 

that there is a species distinction and the existence of close genetic relationships between them. 

However, the relationship between cultivars based on ISSR data appears to show a closer 

relationship between pepper species [5]. 

6. Conclusion 

On March 23, 2021 the United Nations World Food Program reported the north east of Nigeria, 

as one of the top three hotspots of food insecurity challenges in the world. The situation has 

been attributed to displacement of rural people from their homes and source of livelihood, 

majorly farming, due to protracted conflicts fueled by climatic challenges. The northern region 

of the country currently witnesses a rapid decline in agricultural biodiversity due to encroaching 

desert. Therefore, in order to forestall erosion of indigenous genetic materials and 

socioeconomic instability there is a need for continuous and deliberate effort towards 

characterization, classification and conservation of plant genetic materials. 

Further studies should be done to discover more genetic differences in the pepper genome. To 

better understand the genetic distance of pepper cultivars from wild species, more genome-wide 
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variations (SNPs, Indels, SVs, CNVs, and PAVs) and pangenomes should be sought through 

next-generation sequencing. This will help researchers find information on agriculturally 

desirable traits that can be useful for productive breeding programs and therefore take steps to 

reduce erosion of genetic plant material. 
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Covid-19 Salgını İle Yeni Bir Dünyaya Doğru  

Enayatullah Azimi1,  Dur Mohammad Sakhızada2 

Özet  

Salgın hastalıkların nedeni biyolojik bir olaydan ibaret olup varlığı en az insanlık tarihi kadar 

eskiye dayanmaktadır. Geçmişe dönüp baktığımızda salgınların, milyonların ölümüne 

sebebiyet verdiğini, toplumsal, siyasal ve kültürel değişimlere yol açtığını görmekteyiz. Bu 

çalışmada, İspanyol gribinden sonra 21. Yüzyılın en büyük felaketlerinden sayılan Covid-19 

virüsü salgını ele alınmıştır. Söz konusu salgın Çin’in Wuhan şehrinden başlayıp tüm dünyada 

çok kısa bir zamanda yayılıp binlerce insanın ölümüne sebep olmuş ve hala olmaya da devam 

etmesi açısından insanlığı tehdit eden bir konumda bulunmaktadır. Makalede İslam ve 

Hristiyan dünyasının salgın hastalıklara karşı yorum ve tutumları hakkında ortak görüşlerinin 

yanı sıra, Tanrı tarafından insanoğluna gönderilen bir ceza olduğu hususu da ortaya 

konulmuştur. Ardından Dünya ve Türkiye’nin bu salgına karşı aldığı tedbirlere değinilmiştir. 

Türkiye’nin Covid-19 ile mücadele sürecinde en başarılı ülkeler arasında yer aldığı 

vurgulanmıştır. En önemlisi ise Pandemi sonrası yaşadığımız gezegende nasıl bir değişiklikler 

ortaya çıkacağı hakkında geçmişte yaşanan tecrübelerden ilham alarak yenidünya için yorum 

ve çözüm yolları ortaya konulmuştur.   

Anahtar Kelimeler: Yeni Dünya, Covid-19, Pandemi, Değişim, Tedbir, Gelecek. 

 

Giriş 

Salgın hastalıklar, kalabalık kitleleri etkilemesi bakımından dünya tarihinin en önemli 

konularından birisidir. Geçmişe dönüp bakıldığında veba, kolera, tifüs, çiçek salgınları gibi pek 

çok felaketin getirdiği sonuçlar itibariyle insanlık tarihinde önemli devrim ve değişimlere neden 

olduğu görülmektedir. İşte bu salgınlar kadar dikkatleri çeken vakalardan bir tanesi 21. 

Yüzyılda ortaya çıkan ve tüm dünyayı etkisi altına alan Covid-19 pandemisidir.  Dünyamız, 

varlığı gözle görülmeyen Korona virüs salgınıyla beraber tatlı, sanal bir rüyadan acı bir şekilde 

uyanmak durumunda kalmıştır (Şeker ve diğerleri, 2020: 11). Dünya tarihinde büyük çapta 

                                                
1 Eskişehir Osmangazi Üniversitesi, Sosyal Bilimler Enstitüsü, Temel İslam Bilimleri Bölümü Doktora Öğrencisi. 
2  Eskişehir Osmangazi Üniversitesi, Fen Bilimleri Enstitüsü, Maden Mühendisliği Bölümü Yüksek Lisans 

Mezunu. 
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yaşanan örnekleriyle salgın hastalıkların yayılımı esnasında ve sonrasında ortaya çıkan 

etkilerini görmek mümkündür. Dolayısıyla salgınlar siyasal, kültürel vb. konularda hatta 

imparatorlukların yıkımına neden olmuştur. Söz konusu salgın hastalık ilk kez Aralık 2019’da 

Çin’in Hubei eyaletine bağlı Wuhan şehrinde ortaya çıkmış, ardından hastalık insandan insana 

Çin’in dışına, başta Avrupa olmak üzere tüm dünyaya çok kısa bir zamanda hızla yayılmıştır. 

Dünya tarihinde görülen diğer salgınlar gibi söz konusu salgın da 21.Yüzyılda büyük çapta 

değişikliklere neden olacağı gibi gözükmektedir. Bu çalışmamızda, günümüzdeki salgın esas 

alınarak “Covid-19 salgınının yönetilmesinin ardında yatan yenidünya düzeni oluşturma” 

fikrine değinilecektir. 

Salgının ortaya çıktığından şu ana kadar konuyla ilgili, Türkiye Cumhuriyeti Sağlık 

Bakanlığının önlemleri ve hizmetleri başta olmak üzere, birçok araştırmacı tarafından 

çalışmalar ortaya konulmasına rağmen bu amansız hastalığın hızını kesecek çarenin 

bulunamamış olması bu konuyu araştırmamızda önemli sebep olmuştur. Söz konusu çalışmanın 

amacı, korona virüs sonrasında geçmişi de baz alarak dünyada siyasi, ekonomik, sosyal 

yönlerden nasıl bir değişikliğin ortaya çıkacağı tahmininde bulunarak elde edilen fikirler 

ışığında İslam âlemine bir nebze de olsa rehberlik edecek katkılar sağlamaktır. İncelememiz 

süresince özellikle Türkiye Bilimler Akademisi’nin Pandemi Değerlendirme Raporu, Ankara 

Üniversitesi Tıp Fakültesi’nin Covid-19 isimli çalışması vd. gibi ilgili çalışmalardan istifade 

edilecektir. 

Konuyla ilgili detaylara girmeden önce çalışmanın daha iyi anlaşılması için pandemi ve Covid-

19’un tanımına değinelim. 

Pandemi ve Covid-19’un Tanımı 

Tarih boyunca birey ve toplum yaşamında önemli tahribatlar yapan ve netice itibarıyla 

insanoğlunun acı kayıplarına neden olan, önemli belaların başında salgın hastalıklar gelmekte 

ve bu salgın hastalıklar günümüz batı dünyasında “Pandemi” olarak nitelenmektedir.  

Dolayısıyla çalışmamızda ana ekseni oluşturan Pandemi ve Covid-19 gibi kavramların 

açıklama gerekliliği ortaya çıkmıştır. Pandemi, (Yunancadan pan: tüm ve demos: insanlar) 

kelimelerinden türemiş bir kavram olup çok uzak alanlara ulaşan ve çok sayıda insanın ölümüne 

yol açan bulaşıcı hastalıkların yarattığı salgınlar için kullanılır (Yolun, 2012: 8). 

Günümüzde bütün dünyayı kasıp kavuran ve aylardan beri tıp camiasını, kamuoyunu ve 

medyayı meşgul eden Covid-19 virüsüne birçok tanımlar getirilmektedir. DSÖ bu salgını, 

“Uluslararası Acil Halk Sağlığı Sorunu” olarak tanımladığını tüm dünyaya bildirmiştir. Söz 
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konusu örgüt, geçici olarak bu hastalığın ismini 2019-nCov koymuştur. Bu kelimenin 

kısaltmasında “2019” hastalığın ortaya çıktığı yıla, “n”(New) harfi “yeni” virüs türüne ve 

“Cov” de korona virüs ailesine atıfta bulunmaktadır.  Diğer taraftan söz konusu kavramın 

İngilizce olduğunu ifade ederek kısaltmasını şöyle beyan etmiştir; CO ve VI korona virüsten 

“D” harfi ise İngilizcede hastalık anlamına gelen “disease” kelimesinden, 19 ise vakanın 

başladığı yıl 2019 olduğunu öne sürmektedir (Memikoğlu ve Genç, 2020: 9; Zhou ve diğerleri, 

2020: 270-273). 

11 Şubat 2020 tarihinde Uluslararası Virüs Taksonomisi Komitesi (ICTV) virüsü Şiddetli Akut 

Solunum Sendromu Korona Virüsü 2 (SARS-CoV-2) olarak tanımlamaya karar vermiştir. DSÖ 

ise virüsün yol açtığı hastalığa (2019’da tanımlanan Korona Virüsü Hastalığı için) COVID-19 

isminin verilmesini kararlaştırmıştır. Dünya çapında birçok ülkede hastalığın binlerce ölüm 

vakası ile ortaya çıkmasının ardından, 11 Mart 2020'de DSÖ salgının bir Pandemi olduğunu 

ilan etmiştir (Tang ve diğerleri, 2020). 

Salgınların Kısa Tarihi ve Önemli Etkileri 

Biyolojik bir olgu olan hastalıklar, insanlık tarihi kadar eskidir(Köse, 2017: 1237). 

İnsanoğlunun dünyada yaşamaya başladığından bu yana hastalıkların mevcudiyeti bilinmekte 

olup, bu salgın hastalıklar ortaya çıktığı ve yayıldığı coğrafyaların tarihini yeniden 

şekillenmesine sebep olmuştur. Dünya tarihinin kaydına geçen ilk salgın M.Ö. 14. Yüzyılda 

Hitit uygarlığında ortaya çıktığı, 20 yıl sürdüğü ve Hitit milletini perişan ettiğine dair bir tablet 

vardır (Youngerman, 2008: 14). Bu tablet üzerine vebanın 20 yıl Hitit ülkesini kırdığı yazılıdır 

(Kınal, 1991: 106). Tukidides’in anlattığına göre, M.Ö. 430 yılında Peloponez Savaşı esnasında 

keyfiyeti belli olmayan bir hastalıktan dolayı Atina halkının %30’unun hayatını kaybettiği ifade 

edilmiştir (Crawford, 2018: 270). Kitab-ı Mukaddes’in bir parçası haline gelen İncil de Hz. 

İsa’nın cüzzamlı bir hastayı iyileştirdiğini yazmaktadır (Kitab-ı Mukaddes, 1985: 763). Büyük 

İskender’in M.Ö. 4.Yüzyılda Hindistan seferinden hezimetle dönmesinde çiçek hastalığının en 

önemli faktörlerden birisi olduğu öne sürülmüştür (Smith ve Andrew, 2009: 46). Antik Çağın 

en büyük siyasi ve askeri gücüne sahip olan Roma İmparatorluğu da ekonomik, tarımsal ve 

demografik yapı açısından sıtma hastalığından çok büyük zarar görmüştür. Roma 

İmparatorluğu zaman zaman zayiat verdiği nedeniyle bu bulaşıcı hastalıklara karşı önlemler 

almak zorunda kalmıştır. Örneğin hastaneler Roma kale mimarisinin önemli unsurlarından biri 

haline gelmiştir (Perrin, Mccabe ve Everly, 2009: 3-223). Roma sadece bu hastalıklarla 

kalmamış ve M.S. 165-180 arasında Antonia vebasıyla karşı karşıya kalmışlardır. Söz konusu 
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veba Roma’nın dörtte birini yok etmekle kalmamış Uzakdoğu’da çok önemli yıkıcı etkilere yol 

açmıştır(Porter, 2006: 20). Ayrıca 452 yılında 100,000 kişilik bir orduyla Batı seferine çıkan 

Atilla ise, kıtlık ve salgın hastalıkların zorlamasıyla seferini yarıda kesmiştir (Koçsoy, 2002: 

48). 

M.S. 6. yüzyılda ortaya çıkan Jüstinyen vebası, Akdeniz bölgesinin yaklaşık %25 nüfusunun 

azalmasına neden olmuştur. Bu salgın Bizans İmparatorluğu’nun sarsılmasında çok büyük rol 

oynamakla birlikte devlet-toplum ilişkisinin de dönüşümünü sağlamıştır. İmparator 

Jüstinyen’in salgından sonra Roma’yı tekrar ihya etme çabası sadece bir hayalden ibaret olarak 

kalmıştır (Smith ve Andrew, 2009: 39).  Aynı zamanda bu veba salgınının özellikle 7. yüzyılda 

ortaya çıkan İslam coğrafyasının genişlemesinde ve fetihlerin hızlı bir şekilde yayılmasında rol 

oynadığı söylenebilir (Şeker ve diğerleri, 2020: 76). Orta Çağ’da vebadan sonra en yıkıcı 

hastalık cüzzam olmuştur. Bu salgın Avrupa tarihinde 1090-1363 yılları arasında çok büyük 

sıkıntılar yaratması sebebiyle Büyük Cüzzam Avı olarak nitelendirilmiştir (Kiple, 2008: 838). 

Dünya tarihinde yaşanan en önemli salgınlardan biri 14. yüzyılda Avrupa’da meydana gelmiş 

ve nüfusunun yaklaşık üçte birini yok etmiştir. Salgın, Avrupa’nın ekonomi ve toplumsal 

yaşamını felç ederek, demografi yapısını ciddi manada değişime uğratmıştır. Getirdiği 

felaketlerden ötürü salgın, kara ölüm olarak adlandırılmıştır (Geary, 2006: 302). Söz konusu 

veba, Orta Asya’da Altın Ordu devletinin çöküşünde, toprak ve siyasal bütünlüğünün 

parçalanmasında da etkili rol oynamıştır (Schamiloglu, t.y.). 14. Yüzyıldaki Pandemi, sadece 

Avrupa’da değil Orta Doğu’da da çeşitli problemlerin doğmasına yol açtığı gibi 1517’de 

Osmanlı Devletinin Mısır’a kolayca yerleşmesinde de ciddi bir şekilde rol oynamıştır (Emecen, 

2010: 192). Amerika kıtasının keşfinden sonra Enka’lar gibi Amerikan yerlilerinin tüberküloz 

ve çiçek hastalığına yakalanmaları, büyük bir kesiminin ölümüne sebep olmuş ve yenidünyanın 

keşfinin ardından burada başlayan ilk salgın 1493’te ortaya çıkan domuz gribi olmuştur 

(Diamond, 2010: 253-273). En tehlikeli salgınlardan olan kolera, 16.Yüzyılda Batılılar 

tarafından Hindistan’da tespit edilmiştir (Kiple, 2008: 33).   Söz konusu Pandemi, yüz binlerce 

insanın ölümüne yol açmıştır (Özdemir, 2005: 34-35). 

17. Yüzyılda İtalya’da zuhur eden veba ve pandemiler, Venedik ve Floransa gibi şehir 

devletlerin siyasal ve gelişmiş bir yönetim anlayışına sahip olmalarında etkili olmuştur (Hays, 

2005: 105). Salgının yayılmaması amacıyla vebaya karşı önlem olarak karantina 

uygulamışlardır. Karantina uygulaması, Avrupa’da 18.Yüzyıldaki veba hastalıklarından 

sonraya denk gelmektedir (Kishlansky, 2006: 597). Osmanlı devletinde de veba, 19. Yüzyılın 

çeyreğine kadar büyük sorunlara neden olmuştur. Örneğin 1700’lü yıllarda meydana gelen 
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sekiz salgında Halep halkının %15 ile %20’si yaşamını kaybettiği kayıtlara geçmiştir (Quataert, 

2005: 174-175). 1918-1920 yılında görülen İspanyol Gribi, 17-50 milyon insanın hayatının 

kaybına mal olmuştur. Nihayetinde Covid-19, İspanyol Gribi sonrası dünyanın yüzleştiği bu 

kapsam ve büyüklükteki ilk bulaşıcı hastalık salgınıdır (Şeker ve diğerleri, 2020: 23). 

Yakın dönemin salgınlarını şöyle sıralayabiliriz; SARS hastalığı 2003, Kuş gribi 2007, domuz 

gribi 2009, MERS 2012, Enflüanza 2013, Ebola 2014 ve Zika salgını 2015’te ortaya çıkmıştır 

(Altuğlu, t.y.: 23). Görünen o ki, son zamanlarda hastalıklar arası dönem kısalmıştır. 

Dolayısıyla tarih bize, öngörülemez şekilde yeni hastalıkların çıkabileceğini göstermektedir. 

Günümüz dünyasında ulaşım hizmetlerinin kolaylığı sebebiyle insanlar dünyanın her bir 

köşesine hızla ulaşabilmektedir. Bu kişiler, şayet bir bulaşıcı hastalığa sahip iseler, 

hastalıklarını gittikleri şehirlere, kıtalara ve bütün dünyaya çok kısa zaman zarfında 

yayabilmektedirler. Çünkü insanlığı tehdit eden hastalık, dünyanın herhangi bir bölgesinde 

ortaya çıkabilmekte ve önlem alınmadığı takdirde bütün dünyayı tehdit eder hale gelmektedir. 

Bugünün korkutan hastalığı Covid-19 salgını da, pandemilerin en tehlikelisi olarak 

bilinmektedir. 

Covid-19’un Ortaya Çıkışı ve Dünyaya Yayılışı 

Korona virüs pandemisi (COVID-19), ilk kez 2019 yılının Aralık ayının 29’unda Çin’in Hubei 

eyaletine bağlı Wuhan şehrinde ortaya çıkmıştır. Uzmanlar, hastalığın tam olarak nereden 

kaynaklandığının net olmadığını söylemekle birlikte eldeki verilerin; bir markette deniz 

ürünleri ve canlı hayvan ticareti ile meşgul olan dört kişide ve aynı günlerde bu markete alış 

veriş yapmak amacıyla uğrayan kişilerde görüldüğüne işaret ettiğini belirtmektedir. Çin 

hükümetinin bu salgını kontrol altına almak, hem de bu etkeni tanımlamak amacıyla çalışmaları 

sonucunda bu virüsün korona virüs ailesine ait olduğu ortaya çıkmıştır. Bilim insanları söz 

konusu olan virüsün yarasalardan bulaştığını söylemiş olmasına rağmen pazar yerinde yarasa 

satılmadığı düşünüldüğünden, hastalığın insanlara bulaşmasında bir tür ara hayvanın taşıyıcı 

olduğu ileri sürülmüştür. Çin’in bu hastalığı ne kadar gizlediği ve izole etme konusunda ne 

kadar geç kaldığı tartışma konusu olmuştur. Dolayısıyla bu salgın, kontrol altına alınamayarak 

çok kısa bir zamanda önce Çin’in diğer eyaletlerine, sonra da bir pandemi şeklini alarak Avrupa 

başta olmak üzere tüm dünyaya yayılmıştır (Huang et al, 2020: 497-506; Memikoğlu ve Genç, 

2020: 9; Şeker ve diğerleri, 2020: 26).  

Covid-19, yayıldığından itibaren şu ana kadar binlerce insanın ölümüne sebep olmuş ve hala 

bir Pandemi hastalığı olarak tüm dünyayı her açıdan sarsmış durumdadır. Korona virüs ortaya 
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çıktığından bu yana farklı ülkelerde değişik isimler altında tıp camiasını sürekli meşgul etmiş, 

salgınla mücadele konusunda en çok zor durumda kalanlar da tıp camiası olmuştur. Covid-19 

ile ilgili farklı ülkelerde yapılan araştırmalarda hastaların yaklaşık %10’unu sağlık 

personellerinin oluşturduğu tespit edilmiştir. Ayrıca toplam 2.135.190 kişiyi kapsayan internet 

tabanlı başka bir perspektif araştırmaya göre sağlık çalışanlarının Covid-19’a yakalanma 

olasılığının normal topluma göre 12 kat fazla olduğu ortaya konulmuştur (İskit, Tanrıöver ve 

Uzun, 2020: 83).   Söz konusu virüsün aşısını tam bulacakken hemen mutasyon değiştirdiğinden 

dolayı şu ana kadar virüsü ve yayılımını kesin olarak durduracak bir önlemin veya uygulamanın 

varlığından söz etmek çok zordur. Hastalığın, bugüne ve geleceğe ne gibi bir çehre vereceği ve 

dünyanın birçok sahadaki denge kontrolünde nasıl bir rol oynayacağı merak konusudur. 

İslam ve Hristiyan Dünyasında Salgın Hastalıklara Bakış 

Salgın hastalıklar hakkında İslam ve Hristiyan dünyasındaki ortak görüş; hastalığın Tanrı 

tarafından insanoğluna gönderilen bir ceza olduğudur. Bununla beraber İslam dinindeki 

uygulamalarda hastalığın yayılmasını kontrol altına almaya yönelik gerekli telkinlerde 

bulunulmuştur. İslam inancında veba hastalığına yakalanıp ölen kişiye Hz. Peygamber “Şehitlik 

mertebesine” erişme müjdesini verirken, Hristiyan anlayışında hastalıktan kurtulmak için 

Yahudilerin yakılması, kamçıcıların kendilerini kamçılaması gibi batıl inancın hâkim olduğu 

görülmektedir. İslam dünyasında salgın hastalıktan korumayla ilgili hadisler bulunmaktadır 

(Köse, 2017: 1238). Buna örnek olarak Hz. Peygamber’in: “Aslandan kaçar gibi cüzzamdan 

kaç” (Şevki, 1991: 43-44) hadisini verebiliriz. Dolayısıyla Hz. Peygamber’in sıhhati esas alan 

bu hadisinden kamu sağlığını korumaya yönelik tedbir alınması anlamı çıkmaktadır.  

Hz. Peygamber başka bir hadisinde şöyle buyurmaktadır; “Bir yerde veba olduğunu işitince 

oraya girmeyin! Bulunduğunuz yerde veba çıkacak olursa, kaçıp kurtulmak için orayı terk 

etmeyin!” (Kurt, 2009: 50). Böyle bir salgına karşı alınan tedbirle ilgili Hz. Ömer’in 

uygulamasını buraya zikretmemiz yerinde olacaktır. Hz. Ömer, halifeliği döneminde Şam 

bölgesinde fethedilen toprakların durumunu tanzim ve teftiş etmek amacıyla Medine’de yerine 

Hz. Ali’yi vekil tayin ederek sahabeler ile yola çıktı. Hz. Ömer, Şam ile Hicaz sınırı olan Serğ 

mevkiinde ulaştığında Hz. Ebu Ubeyde ve Suriye bölgesinin fethiyle görevli komutanlar 

tarafından karşılandı. Ebu Ubeyde b. Cerrah, Hz. Ömer’e Suriye’de yayılmış olan tâun 

hastalığından ve onun dehşetinden bahsettiğinde hastalığın şiddetinden ürperen Hz. Ömer, yola 

devam etmek veya Medine’ye dönmek konusunda istişare yapmak üzere muhacir, Ensar, ilk 

hicret edenler ve Mekke fethine iştirak edenler ile sıralı bir şekilde istişarede bulundu. Bu 
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istişarede de Medine’ye geri dönmenin daha isabetli olacağı görüşünü benimsedi. Halifenin bu 

dönme kararını öğrenen Hz. Ebu Ubeyde aşırı derece öfkelendi ve Hz. Ömer’in yanına gelerek; 

“Allah’ın kaderinden mı kaçıyorsun?” diye sormasına yanıt olarak Hz. Ömer, Ebu Ubeyde’ye 

uzun bir süre bakmasının ardından “Ey Ebu Ubeyde! Keşke bu sözü başkası söyleseydi. Evet, 

Allah’ın bir kaderinden Allah’ın diğer bir kaderine kaçıyorum.” Cevabını verdi (Kurtubî, t.y.: 

232; İbn-ı Kesir, 1998: 172). Hz. Ömer ile Ebu Ubeyde konu ile ilgili konuşurken yanlarında 

gelen Hz. Abdurrahman b. Avf, konuşulanları öğrendiğinde, yukarıda zikrettiğimiz “Bir yerde 

veba olduğunu işitince oraya girmeyin” hadisini hatırlatmıştır. Mezkûr hadisi hatırlayan Hz. 

Ömer, aldığı kararın isabetli ve doğru bir karar olduğuna kani olmuş ve gönül rahatlığıyla 

Medine’ye geri dönmüştür (Temmavî, 2004: 111). Hz. Peygamber’in Taun hastalığı ile ilgili 

sözleri Modern tıbbın salgın hastalıklar karşısında alınacak önlemlerden olan karantina 

uygulaması, bin dört yüz yıl önce Hz. Peygamber’in ettiği tavsiyelerdendir.  Dolayısıyla Hz. 

Peygamber’in bu hadisi ve Hz. Ömer’in davranışı koruyucu hekimlik açısından önemli bir 

ilkeyi ihtiva ettiği sonucu ortaya çıkmakta olup karantinanın insani bir görev ve önemli bir 

sağlık tedbiri olduğu anlaşılmaktadır. 

Müslümanların uygulamalarında hastalıklara yönelik böylesi bir tavır geliştirilirken, Hristiyan 

dünyasında farklı tedbir ve davranışların öne sürüldüğü görülmektedir. Kimisi salgının 

yıldızlara bakarak havanın kötülüğünden meydana geldiğini söylerken, kimisi de onu Jüpiter 

ve Mars’ın yanlış dizilişiyle irtibatlandırmıştır. Diğer ülkelerde ise; Tanrının hastalığı, kör 

kadınlar, sakatlar, gezgin Yahudiler ve kara atlar üzerinden pek çok yanlış biçimlerde 

algılamışlardır (Nikiforuk, 2001: 75-76). Ayrıca Hristiyan dünyası çeşitli dualar, haçlar, 

mumlar, dini ayinler ve kutsal emanetlerle azizler sınıfına çağrı yapmıştır (Gökhan, 70: 1998). 

Veba salgını meydana geldiğinde Avrupa’daki ilk tepki “Tanrı’nın insanları cezalandırdığı” 

(Metzler, 1999; İstek, 2017: 186) şeklinde olmuştur. Aslında Tanrı’nın gazabı düşüncesi bütün 

veba salgınlarında ortaya atılmıştır. 1713 yılındaki vebada günde iki defa çan çalınmak suretiyle 

insanların düzenli ibadet etmeleri sağlanmıştır (Fuhrmann, 1738; İstek, 2017: 187). Bu düşünce 

sadece Hristiyan dünyasında değil İslam dünyasında da hala güncelliğini korumaktadır. 

Yaşamakta olduğumuz salgın hastalığıyla ilgili İslam dünyasının bir kesimi böyle bir 

düşünceye sahiptir. 

İslam, insanoğlunun nefsine büyük önem vermiş ve düzgün bir şekilde korumasını insan 

üzerine farz kılmıştır. İslam dünyasında her şeyden önce temizliğe dikkati emretmesi öne 

çıkarılarak, kişisel temizlik hususundaki ayet ve hadislerden faydalanıp, dinin emrine uymakta 

ve hayatını ona göre sürdürmektedir. Dolayısıyla Avrupa ülkelerinde yukarıda sözü edilen 
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salgınlara, benzer birçok inanç bulunurken, Müslümanlar olaya daha farklı yaklaşmaktadırlar. 

Geçmişte olduğu gibi günümüzde de bazı İslam ve Hristiyan çevrelerinde salgın hastalığa 

yakalanmanın Tanrı tarafından bir ceza olarak düşünülmesine karşılık, hastalığı gönderen 

yaratıcı adına bir hüküm çıkarmanın İslam inancında haddi aşmak olduğunu da hatırlatmanın 

yerinde olduğunu belirtmek isteriz. Şimdi yaşamakta olduğumuz bu salgına karşı Dünya ve 

Türkiye nasıl bir tavır sergilemiştir ona bakalım. 

Covid-19’a Karşı Dünya Genelinde ve Türkiye’de Alınan Tedbirler 

Covid-19 pandemisi ilk başta yerel bir salgın olarak Çin’de zuhur ettikten sonra bunu önlemek 

amacıyla Çin’de çok kısa bir zaman içerisinde devasa hastaneler yapılmış ve karantinalar 

uygulanmaya başlamıştır. Karantina gibi tedbirler, zamanımıza ait olmayıp çok eskiden beri 

uygulanagelen bir tedbir yöntemidir.  

Çin dışında ilk Covid-19 olayı 13 Ocak’ta Tayland’da ve 15 Ocak’ta Japonya’da görülmüştür. 

Aynı ayın içerisinde ABD başta olmak üzere yirmiden fazla ülkede ilk vakalar görülmeye 

başlanmasının ardından Dünya Sağlık Örgütü, 30 Ocak 2020’de uluslararası bir acil halk sağlığı 

durumunu duyurmuştur. 19 Nisan itibarıyla dünya üzerinde 200’dan fazla ülkede vaka 

görülmüştür. Çin hükümeti bunu kontrol altına almak amacıyla değişik yöntemler uygulamış 

ve bir hafta içerisinde virüsü ve genetik bilgisini DSÖ’ye bildirmiştir. Çin’in bu bildirimi ise, 

tüm ülkelerin test kitlerini ve tedavi seçeneklerini geliştirmesinde önemli rol oynamıştır. 

Dolayısıyla Dünya’da erken dönemde en fazla olayın kaydedildiği Çin’de alınan sıkı karantina 

ve izolasyon önlemleriyle, kısa zamanda vaka sayısının neredeyse sıfırlandığı bilinmektedir 

(Wu ve diğerleri, 2020; akt. Çöl, 2020: 221-224). 

Öte yandan Çin hükümeti ve dünya ülkelerinin çoğu DSÖ’nün çağrısına uyarak sıkı tedbirler 

uygularken bazı ülkeler, bu çağrıya uymayıp duymazdan geldiği için ilk başta çok ağır bedeller 

ödemek zorunda kaldılar. Buna örnek olarak İran’ı verebiliriz. İran Cumhurbaşkanı Hasan 

Ruhani, bakanlar kurulu toplantısı sırasında, “Korona virüs nedeniyle hiçbir şehir veya bölge 

için karantina kararı söz konusu değildir” (Ashıshalı ve Kurşun, 2020) diyerek ülkesinde 

karantinanın uygulanmayacağını bildirmiştir. Daha sonra ülkede korona salgınından dolayı çok 

büyük risk ve ölümlerle karşı karşıya kalınca karantina uygulamaya başlanmıştır.  

Korona pandemisine karşı tüm dünyada alınan tedbirler bazı ülkelere tam olarak yarar 

sağlarken, bazılarına ne kadar çabalasalar da çok büyük krizlere (Şeker ve diğerleri, 2020: 223-

249)  neden olmuştur. AB gibi devletlerin teknolojik yönden ileri düzeyde olmaları, söz konusu 

salgın karşısında fayda etmemiş, salgına karşılık yeterli bir sağlık sistemine sahip olmamaları 
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kendilerini büyük kayıplara uğratmıştır.  İlber Ortaylı’nın ifadesine göre, “Avrupa bir suni 

büyümeye sahip olduğu için yıkılmaya mahkûmdur”(Yılmaz, 2020). ABD’de de insan 

sağlığının ekonominin gerisinde olması, sağlık hizmetlerini dumura uğratmış ve sigortası 

olmayan hastalar, tedavi olma şansından mahrum olmuşlardır. Sağlık sistemini tam teşekkül 

sağlayarak, şehir hastaneleri gibi hazırlıklarla kriz dönemini başarıyla göğüsleyen Türkiye; 

Avrupa ve Amerika’nın tam tersine tedbirli ve hâkim bir tutum sergilemiştir. Türkiye, 2021 

yazında aşı üretme çalışmalarına da katılarak TURKOVAC Aşısının üretimini tamamlayarak 

hem halkına hem de diğer ülkelere yaptığı koruyucu tedbir ve hizmetlerle dünyada örnekle 

gösterilen bir başarının altına imzasını atmıştır. 

Pandemi Sürecinde Türkiye 

Türkiye’de ilk vaka 11 Mart’ta Sağlık Bakanlığı tarafından tespit edilerek kamuoyuna 

duyurulmuştur. Bu tarihten itibaren pandeminin topluma yayılmasını engellemek amacıyla ülke 

bazında yerel tedbirler alınmaya başlanmıştır. Dolayısıyla Türkiye’de ilk vaka tespit edildikten 

sonra; Çin’den gelen tüm uçuşların durdurulması, ülke dışından gelenlerin termal kamereler 

aracılığıyla tespitlerine başlanması, Türkiye ile İran arasındaki hudut kapılarının kapatılması, 

okulların tatil edilmesi, kamuya açık toplu etkinliklerin kısıtlanması, Cuma namazı ve vakit 

namazlarının kılınmasına ara verilmesi, insanların toplu bulundukları yerlerin geçici olarak 

kapatılması, umreden gelenlerin bir süre gözlem altına alınması, elektif ameliyatların ve diş 

hekimliği uygulamalarının ertelenmesi, kamu kurumlarının esnek çalışmaya geçirilmesi, toplu 

taşıma araçlarının kapasitesinin %50’ye düşürülmesi, 65 yaş üstü ve 20 yaş altı vatandaşlara 

sokağa çıkma yasağı, 20-65 yaş arası vatandaşlara ücretsiz maske dağıtımı uygulanması, hafta 

sonu sokağa çıkma yasağı gibi önlemler alınmıştır. Bu önlemler toplumsal yaşamlarda hayatın 

normal akışını durdursa da ekonomik ve sosyal haklara zarar vermeden yürütülmüştür. Aynı 

zamanda Milli Eğitim Bakanlığı ve YÖK tarafından alınan eğitime zorunlu ara verilme kararı 

kısa süre sonra uzaktan çevrimiçi eğitimin yürütülmesi ve esnek akademik takvim 

uygulamasına geçilmesine dair mevzuatta düzenlemeler gerçekleştirilmiştir.  

Türkiye bu süreçte kendi gereksinimleri yanı sıra talepler üzerine sağlık açısından uluslararası 

dayanışma stratejisi çerçevesinde farklı ülkelere  (İtalya, İspanya, İngiltere, İran, Bosna Hersek, 

Sırbistan, ABD, Çin, Pakistan, Somali, Sudan, Libya, Suriye, Afganistan ve Türk 

Cumhuriyetler vb.) yardım desteği sağlamıştır (Şeker ve diğerleri, 2020: 29-31). Dolayısıyla 

Türkiye, pandemi süreci içerisinde yürüttüğü bu kucaklayıcı ve istikrarlı siyaset ile uluslararası 

camiada liderlik konumunu sağlamlaştırmıştır. Türkiye’nin bu ağır yükün altından kalkıp 
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onlarca ülkeye yardım edebilmesinin nedenini; sağlık sisteminin iyi olması, Cumhurbaşkanı ve 

Sağlık Bakanı başta olmak üzere devlet personelinin süreci çok iyi yürütebilmesi ve sağlık 

personellerin özveriyle çalışması olarak gösterebiliriz. Aynı zamanda bu başarıda Türk halkının 

Sağlık Bakanlığına ve personeline göstermiş olduğu maddi ve manevi desteğin de büyük 

katkısının olduğunu da söyleyebiliriz. Bu izahtan sonra akla gelen soru, pandemiye karşı kararlı 

önlem alan ve almayan ülkelerin pandemi süreci sonrasında, pandeminin toplumsal ve gündelik 

yaşamlarında nasıl bir iz bırakacağı sorusudur.  Dünyanın, pandemi sonrası değişen yüzü 

insanlığı nasıl etkileyecek? Şimdi bu araştırmaya bu cihetten bakalım.   

Pandemi Sonrası Dünya 

Tüm dünyayı etkisi altına alan ve küresel bir sorun haline gelen korona virüs salgını 

devamlılığını sürdürmektedir. Salgının seyri ilk zamanlara göre azalsa da henüz etkisini 

yitirmiş değildir. Tüm dünyada bilim insanları aşı üzerinde gerekli çalışmalar 

gerçekleştirmektedir. ABD, Çin, Almanya, Rusya ve Türkiye başta olmak üzere diğer ülkelerin 

ortaya koyduğu koruyucu aşılarla salgın durdurulmaya çalışılmakla beraber, virüsün mutasyon 

değişimi ve delta dalgalanmasının önüne geçilememiştir. Bu sebeple şu ana kadar 100% 

koruyucu bir aşının olduğundan bahsedemeyiz. Ancak, aşı vurulmayanların daha çok 

mutasyona ve delta dalgalanmasına yakalanmış olduklarına da şahit olmaktayız.  

Covid-19 dönemine geniş bir perspektiften bakıldığında salgın hastalıklarla başa çıkmayı 

başaran ülkelerin krizin sonunda tıp ve eczacılıkta, siyaset ve iktisatta, sanayi ve teknolojide 

hızla ilerledikleri görülecektir. Çünkü bu salgın ve akabinde doğan aşı ihtiyacı ilmi gelişmelerin 

ve buluşların yolunu açacaktır. Bu durum bize gösteriyor ki belki de salgınlar olmasaydı 

antibiyotik ilaçlar gelişmezdi. Şuan yaşadığımız pandemiden sonra insanların yeni yeni tıbbi 

bilgilere ve ilaç teknolojilerine ihtiyaç duyacağı aşikârdır. Bununla da kalmayıp salgın 

psikolojik ve sosyal açıdan da değişime ve sorunlara neden olacaktır. Sosyal mesafenin 

korunma mecburiyeti, insan ilişkilerinde bir uzaklaşmaya sosyal etkinliklerin azalması ve 

insanların yalnızlaşması gibi derin ruhsal problemlerin ortaya çıkmasına sebep olma ihtimali 

vardır. Bu da psikolojik açıdan da reçeteler üretilmesi gerekliliğini ortaya çıkaracaktır. 

Pandemi sürecinde eve hapsedilen insanlarda maddi manevi sorunların ortaya çıktığını da 

söylemek gerekmektedir. Eve kapanan kişilerde bunalım ağırlıklı psikolojik sendromlar baş 

göstermiş ve özellikle de genç ve çocuklarda hareketsizliğe bağlı şişmanlık, damar hastalıklar 

meydana gelmiştir. Bu süreçten olumlu yönde faydalanmak isteyenler de olmuş ve eğitimi 

online ortama taşıyarak her türlü alanda verimli dersler verme fırsatı yakalamışlardır. Özellikle 
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üniversitelerin online eğitim seferberliği başlamış bu anlamda Ankara Yıldırım Beyazıt 

üniversitesi, İSLAMER programını oluşturmuş ve bu programı EDUSERE girişimiyle yalnız 

kendi bünyesinde değil gerek öğrenci ve de gerek öğretim görevlisi bakımından verdiği eğitimi 

genele açık ulusal bir eğitim seferberliğine dönüştürmüştür. 

Salgının bitmemesi için alınan tedbirlerin aksine hareket edenler de saptanmakta ve 

görünmeyen ellerin komplo teorilerinin işleyişi için virüsün yayılmasını sağlayıcı faaliyetlerin 

önü alınmaya çalışılmıştır. Dünya’nın sağlıkla imtihanı olan bu virüsün yok ettiği hayatların en 

başta bilim adamlarıyla başlaması da işte bu çevrelerin zaferinin nişanesi olmuştur. Dünya 

halklarını doktorsuz, hemşiresiz ve çaresiz bırakmak isteyenlerin insanlığa olan düşmanlığı da 

iyice öğrenilmiştir. 

Görüyoruz ki salgın sonrası başlayan süreçte bizi birçok değişim, gelişim ve dönüşüm 

beklemektedir. Dünyada zaten var olan rekabet önümüzdeki dönemlerde daha çok kızışacak, 

izlenilecek stratejiler, üretilecek fikirler, iyileştirilecek sistemler, geliştirilecek teknolojiler,  

kurulacak ağlar, ikna edilecek dini düşünceler, ışık olabilecek yöntemler ve uygulanabilir 

taktikler insanlığın geleceğini belirleme de etkin roller oynayabilir. 

Son olarak şunu herkes biliyor ki hangi millet kendini yenileyebilir, yenidünyanın hızına 

değişimine ve gelişimine ayak uydurabilir, uluslararası alanda daha iyi rekabet edebilirse 

varlığını koruyacak ve medeniyet yarışında en önlerde yer alacaktır. Fakat hangi millet bu 

değişime ve hıza ayak uyduramazsa yok olacak ya da silikleşecektir. Biz Müslümanlar olarak 

hiç vakit kaybetmeden küçük düşünceleri bir tarafa bırakıp birliğimizi, dirliğimiz ve 

beraberliğimizi pekiştirmeli, insanları bilinçlendirmeli, ortak akla kulak vermeli, eğitim 

öğretimimizi düzene kavuşturmalı, ekonomimizi güçlendirmeli, sanayi ve teknolojide 

devrimler yaratabilmeliyiz (detaylı bilgi için bk. Gül, 2020). 

Pandemi sonrası dünyada ortaya çıkacak değişikliklere ek olarak; sağlık sistemi kamulaşacak 

ve şehirler değişime uğrayacaktır. Makalemizin başında belirttiğimiz gibi pandemiler tarihte 

her zaman kentleri şekillendirmişlerdir. Online çalışma yöntemi gelişecek, online perakende 

alışveriş daha yaygın hale gelecek ve benzeri değişimler ortaya çıkacaktır. Velhasıl, bu salgın 

bize teknolojinin önemini daha belirgin hale getirmiştir. Geçirdiğimiz bu kadar karantinaya 

rağmen gelişmiş teknolojiye sahip ülkelerin yapacağı işlerin çoğunu internet üzerinden 

aksatmadan yapmaya devam etmiştir. Örneğin uzaktan eğitim ve konferanslar vd… dolayısıyla 

yüksek teknoloji içeren sektörler bu süreçten sonra daha büyüyecek ve önem kazanacaktır. 
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Sonuç  

Tarih boyunca hak ile batıl hep bir mücadele içerisinde olmuştur. Bu kıyasıya mücadele de 

Hakkı savunan insanlara bahşedilen İslam medeniyeti, peygamberlerin ve onların yolunda 

giden önder şahsiyetlerin mücadelesi ile hâkim olmuştur. Gece ile gündüzün döndüğü gibi 

“adetullah ve sünnetullah”a uygun olarak hakkın hâkim olduğu dönemden sonra batılın hâkim 

olduğu dönem gelmiş, insanlar yozlaşmış ve inançlarından uzaklaşıp batıla dalmışlardır. 

Neticede şeytanı takip edenlerin düşünceleri ve zihniyetleri revaçta olmuştur. Ancak bu 

merhaleden sonra Cenab-ı Allah, Âdem peygamber ile başlattığı tebliğ dönemini devam 

ettirmiştir. İbrahim (a.s)'ın gelmesine Nemrut’un zulmü vesile olmuştur.  

Nemrut’un zulmüyle geçen bir karanlık dönemin arkasından İbrahim'in dönemi aydınlık bir 

medeniyet gelmiştir. Bu aydınlık medeniyet İbrahim'in Hanif Müslüman özelliği ile tevhid 

inancının temelini oluşturmuştur. O yüzden ki Peygamberimiz (sav) “Benim babam 

İbrahim'dir” demiştir. Her dönem bir zulümle ve zulmün ayyuka çıkması ile İslam medeniyeti 

başlamış ve yükselmiştir. Musa (as), getirdiği aydınlık medeniyeti Firavun ’un karanlık 

düzenini yıkmıştır. Daha sonraki dönemlerde Hz. Muhammed (sav)’i müjdeleyici olan İsa (as)  

gelmiştir. İsa Nebi’de yine o karanlık medeniyetin zulmünü tıp ilmindeki dehası ve ölüleri 

diriltme mucizesi ile yıkmış ve tebliğ ettiği ayetlerin ihtişamıyla onların karşısındaki 

medeniyeti âtıl duruma getirmiştir. Daha sonra Ebu Cehillerin olduğu, karanlık cahiliye dönemi 

gelir ki; Hz. Peygamber’in gelmesine teşne bir zamandı. Onların yaptığı zulüm ve şerlerden 

dolayı insanların ruhları katılaştıkça katılaşmıştı. Çorak topraklar gibi dikenli, katı gönüllü 

müşrikler Müslümanlara İslam inancını seçmelerinden dolayı eza ve cefa ederken, Allah 

tarafından getirdiği beliğ ayetlerle onları hayrete düşürmüş ve meydan okumuştur. 

Zamandan zamana parlayıp yükselen medeniyetler yıldızlar gibi biri aşağı inerken öbürü de 

parladıkça parlayıp yukarı çıkmıştır. İşte şimdi bu korona virüs dönemi de yine bir parlak 

medeniyetin habercisidir. Kanaatimize göre çok parlak bir yıldız doğacak ve o parlak yıldız da 

Rum Suresi'nin haber verdiği zafer, olacaktır. Nasıl ki 96 yaşında olan Ebû Eyyûb el-Ensari, 

Bizans’ı yıkmak ve Peygamberin “İstanbul mutlaka feth olunacaktır. Onu fetheden asker ne 

güzel askerdir. Onu fetheden kumandan ne güzel kumandandır” hadisinin müjdesine nail 

olabilmek için İstanbul surlarına gelerek orada şehit olmasına vesile olduğu gibi, bugün de 

pandemi sonrası dünyanın birçok büyük gelişmelere sahne olacağına inanıyoruz. Bu yeni 

inkişafın, bu yeni medeniyetin kurulmasında Allah-u Teâlâ insanları çaresiz bırakan bir virüsle, 

insana acziyetini ve çaresizliğini hissettirecek kendini büyük gördükçe kibirlenen uluslara 

dersini verecektir. Çünkü biliyoruz ki hiçbir şey zirvede kalmaz, bu sünnetullah gereğidir. 
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Salgın hastalıkların tarihi eşrefi mahlûkat olarak nitelenen insanoğlunun tarihi kadar eskidir. 

Bu salgınlar insanlık tarihinin mihverini derin bir şekilde değiştirebilme kapasitesine sahiptir. 

Salgınların, coğrafya, iklim, sağlıklı ve yeterli beslenmeyle çok yakın bir ilişkisi vardır. Salgın, 

hastalıkların ortaya çıktığı coğrafyalarda milyonlarca insanın ölümüne ve toplumun ekonomik, 

iktisadi, kültürel ve siyasal yönden değişime uğramasına sebep olduğu bilinmektedir. Araştırma 

konusu olan Covid-19’dan önce milyonlarca insanın ölümüne sebep olan pandemiler geçmiştir. 

Covid-19 Çin’in Hubei eyaletine bağlı Wuhan şehrinde ortaya çıkmış ve çok kısa zamanda ülke 

dışına sıçrayıp bütün dünyayı sarsmış ve sarsmaya da devam etmektedir. Üzüntüyle ifade 

edelim ki, aşı çalışmaları nihayetlenip hastalığa yakalanma riski kontrol edilmeden pandemi 

krizi sona ermeyecektir.  

Makalemizde söz konu salgın sonrası dünyada nasıl bir yenilik olacağı üzerine durulmuştur. 

Salgın hastalıkların tarihte öldürücü sonuçlarının yanı sıra önemli gelişmelere de neden 

olduğunu, günümüzde yaşamakta olduğumuz pandeminin de yeni bir dünyanın başlangıcı 

olabileceği ihtimaline işaret edilmiştir. Bu itibarla, basit bir salgına benzemeyen Covid-19’un 

tıbbi, iktisadi, bireysel, toplumsal, siyasal ve eğitsel pek çok gelişmenin fitilini ateşleyeceği 

gözükmektedir.  

Dünya durmadan değiştiği için belki de gelecekte silahla savaşmak yerine biyolojik savaşlara 

geçilecek ve insanlar biyolojik silahlarla öldürülecektir. İnsanlık tarihinde korona virüs ne ilk 

ve ne de son olacaktır. Dolayısıyla İslam âlemi olarak, sağlık sistemlerini küresel çapta, böyle 

krizlerle mücadele stratejimizi belirlemek ve ona göre önlem almak zorundayız. Öyle ki, 

teknolojiye sahip olan ülkeler geçirmekte olduğumuz karantinalarda yapacağı işlerini 

aksatmadan yapabilmiştir. Bu da bize teknolojinin insan hayatındaki önemini göstermektedir. 

Biz teknoloji, fen, tıp ve sağlık alanlarında ilerleme kat etmediğimiz sürece önümüzdeki süreçte 

geçmişte parladığımız gibi ihtişam bir güce sahip olmamız çok zor olacaktır.  

Sonuçta; Covid-19 pandemisi ile tüm dünyayı ani olarak etkileyen salgınların yönetilmesinde 

yurt içinde sağlık alanında faaliyet veren kurumlarda laboratuvar ağırlıklı ve koruyucu 

hekimliği destekleyici çalışmalarla aktifleştirilmeli ve DSÖ gibi küresel ve çok uluslu kurumlar 

güçlendirilerek, sağlığın önemi ve sağlığın sadece sağlık sektörünün işi olmadığı ortaya 

konulmalıdır. 
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Multivariate Analysis of Personal and Social Factors of 

Academic Cheating and Prevention Strategies at Exams in 

Higher Education Institutions, Ethiopia  

Endris Assen Ebrahim1 

Abstract 

Academic cheating on examinations is a universal problem in higher education institutions. 

When academic cheating happens, it has severe consequences for human life, social values, and 

the economy. A cross-sectional study was conducted to determine the prevalence of cheating, 

cheating methods and prevention strategies among students of different levels at Ethiopian 

public universities in 2020. A pretested self-administered questionnaire was used to collect 

primary data supported by document analysis on academic cheating. Ethical clearances and 

consents were obtained from universities and data analyses were done using SPSS 25 

and MLwiN 3.05. Multilevel regression results showed that students who cheated in high 

school were more likely to cheat in universities. Lack of confidence and interest to study, 

previous cheating background, complexity of exams, inconsistency of exam questions with the 

syllabus, unclear assessments, and invigilators bad complain and lack of clarifications of exam 

rules and regulations were statistically significant factors. Use of multiple invigilators per class, 

randomized assigned seating, test administration with small class size, label the classroom 

chairs in numbers and arrange students per seating, and have students take all items off their 

desks were suggested techniques of exam cheating prevention. It can be concluded that personal 

and societal factors could cause cheating at exam sessions and the society is likely to suffer 

from non-ethical graduates who could be employees of the service sectors in the future. 

Therefore, the government and other stockholders should pay attention to prevent cheating in 

order to carry out quality education and community development. 

Keywords: Exam, Cheating, Prevalence, Factor Analysis, Multilevel, Variation 
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1. Introduction 

1.1. Background of the Study 

A distinguished and persisting problem in modern education is academic dishonesty [1]. There 

are various forms of such corruption, like plagiarism, which is often occurred in investigation 

and educational materials checked by diverse systems, but cheating in written examination 

continues, and remains one of the oldest and most impactful forms of changing one's 

educational outcome and diminishing an institution's reputation [2]. 

Studies identified some effects of cheating like discouragement of candidates from studying 

hard, denial of admission to deserving students, underachievement in labor market and overall 

reduction in quality of education[3]. Previous research suggests a link between academic 

cheating and corruption [4]. 

In Ethiopia, Higher Education Institutions are faced with a plethora of problems of which 

academic dishonesty is one, 89% of teacher respondents reported perceived incidences of 

students’ academic dishonesty in their respective Faculties with a magnitude ranging between 

once and more than ten times[5]. Intending to abolish, if not to reduce such problems, the 

harmonized academic policy of Higher Education Institutions (2013) briefly stipulates that lack 

of academic integrity is forbidden and when committed leads to punishment [6].  

1.2. Statement of the Problem 

Studies affirm that academic dishonesty is an international problem that is facing several 

schools, colleges or higher education institutions. Studies suggested that the first problem is 

that of equity and efficacy of instructions[7]. In other words, it is difficult to measure 

effectiveness of instruction basing on the examination as an assessment tool when students have 

copied or cheated [8]. The second problem is that cheaters reduce their level of learning and in 

future be less prepared for advanced study or operating in their fields of specialization [9]. 

Moreover, there are evidences that exam cheating correlates with corruption at the latter ages. 

This is particularly true in engineering where, according to previous research, engineering 

undergraduates are among the most likely to cheat in college [10]. 

In Universities, where lack of infrastructural facilities and experience is an eminent challenge, 

exam cheating can have rampant consequences unless properly managed and studied [11]. 

Moreover, in parallel with students’ enrollment and universities expansion in Ethiopia, students 

are in low academic progress, universities show high dismissal rate and attrition. In other words, 

the study tried to find out the prevalence of examination cheating, the basic cheating strategies 
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students’ use, the significant factors influencing students to cheat, and the possible management 

strategies that can be employed to reduce exam cheating in the University.  

1.3. Objectives of the Study 

The general objective of this study is to identify the reasons that persuade students in public 

Universities to cheat using possible strategies of exam cheating. Specifically the study intends 

to: 

1. Identify significant factors that influence the prevalence/incidence/ of cheating in 

examinations. 

2. Identify the possible and substantial exam cheating strategies that students’ using. 

3. Quantify the cheating incidence variations among students within departments within 

faculties or between universities 

4.  Analyze the possible management strategies that can be employed to reduce exam 

cheating? 

2. Review of Related Literature 

In this part of the research, theoretical arguments and research findings related to exam cheating 

were presented. Academic integrity and exam cheating were highlighted first followed by 

factors impeding and enhancing exam cheating and the strategies of exam cheating and 

controlling exam cheating. The final section summarizes the review indicating the gaps to be 

bridged. 

2.1. Academic Integrity and Exam Cheating 

Public Higher Education Institutions are usually understood as foundations of truth and honesty 

[12] where students are shaped not only academically but also ethically. In contrast, in a system 

of mass public universities that results in high unemployment levels, graduating with higher 

grades has become a key factor of success to get well paid job and an opening to start graduate 

program[13]. As a result, dishonest activities like copying or attempting to copy from another 

student's work, using crib notes on examination, falsifying research or laboratory data, using or 

attempting to use unauthorized information from the internet, notes, and study aids are 

frequently practiced as lack of academic integrity [14]. 

2.2. Factors Impeding and Enhancing Exam Cheating 

The basic motivation factors of cheating in examinations can be attributed to decreasing quality 

in academic preparation that is directly and indirectly related to the worsening in the quality of 
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teaching and learning in all educational institutions[15]. Although all students are extremely 

pretentious by the exam-room misconduct, capable students are suggested as ones who are part 

of the common problems [16]. 

Other studies, like [14], revealed that the major factors influencing examination cheating 

include: examination anxiety, lack of facilities, stiff competition, poor preparations, and 

inadequate invigilation of the examinations. 

Supervisors cannot maybe screen all of the students in such large classes, and the students often 

are bored with the material[1]. In general, the motivators for exam cheating can be summarized 

as opportunity, desire to succeed, small or non-existent of penalties, reluctance of many 

invigilators to prosecute student cheaters, growing trend to redefine what constitutes cheating 

and moral code of the students [17]. 

Other study indicative shows that societal preference for paper qualification, lack of positive 

self-concept, lack of effective study skills, inadequate preparation and laziness are some of the 

causes of examination malpractice among university students. Thus, based on this, studies 

concluded that personal and societal factors could cause examination malpractice and the 

society is likely to suffer from low productivity because of this malaise, examination 

malpractice [4]. 

2.3. The Strategies of Exam Cheating and Controlling Exam Cheating 

Practically speaking, students who decide to cheat on in-class exams should invention new 

strategies to avoid the supervision of invigilators[15]. Distracting the invigilator is a strategy 

that students use most frequently that refers to different activities distracting the invigilator to 

enable others to cheat. Though cheating control strategies vary in different contexts, [2] 

recommended that imposing severe penalty (these include suspension, fining, imprisonment) 

for cheating, creating a situation where the chances of succeeding by cheating is lower and strict 

invigilation, large classes and smaller spaces between seats and the   ratio of invigilator to 

student in an examination venue may deter cheating. Whenever possible, some has 

recommended installing surveillance cameras in large examination venues[14].  
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3. Methodology 

3.1 Place of the study and Target population 

This research was conducted at Debre Tabor University, one of the third generation universities 

in Ethiopia, found at South Gondar Zone, Amhara Regional state. There are seven Higher 

Education Institutions in the region. Two of them are First generation (University of Gondar 

and Bahir Dar University); three of them are Second generation (Debre Markos University, 

Wollo University and Debre Birahan University) and the other two are third generation (DTU 

and Woldiya University). This study focused on regular university students and some selected 

academicians in 3 selected public universities of 6 colleges/faculties of the department students 

in each batch that was registered in 2020/2021(2012 E.C.). 

3.2 Study Plan and Procedure 

This study used a cross-sectional study design with mixed-methods. Both quantitate analysis 

and qualitative analyses were done with triangulation. 

3.3 Study Participants, Sampling Procedure and Sample Size 

The target population of this study was students, instructors, department heads and quality 

assurance officers of governmental institutions of the selected higher education, universities, in 

Amhara regional state. Six collages/faculties (FNCS, FT, FBE, FAgri, CHS and FSS) in the 

selected 3 universities are all proportionally allocated to the department students respective of 

the batches, and at the lowest stage simple random sampling is used to each class of the batch 

in a department. 

      

 

Figure 1: Simple diagrammatic representation of sampling design 

From All Batches and All Departments Random Sample of the Allocated Students 
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The targeted population sizes were 15,000 students for the selected first generation university, 

10,000 for the selected second generation university and 8,000 for the selected third generation 

university. Then the population, 000,33000,8000,10000,15 N . 

The sample size can be determined using the following formula below; taking %50%,50  qp

, d=3%= 0.03,  zα/2 =1.96   α= 0.05 (level of significance).
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 (Cochran, 1977). 

The sample size for the selected universities based on generation was allocated proportionally 

to the size as
n

N

N
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j 
. For first generation (UoG):
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 for second 

generation (DMU): 
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 and for third generation (DTU): 
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Hence, the sample size for this study was 
1035321  nnnn

.  Using equal allocation at each 

stage sample for each batch of each faculty/college was allocated. At the last, simple random 

samples of students considering faculty, department and gender variability was applied. The total 

and final sample size for this study incorporating all the targeted population samples was

1296182431035  . 

3.4 Data Gathering Tools and Procedures 

The primary data is collected using self-administered questionnaire. The questionnaire was 

developed by the researcher and further evaluations were made by colleagues. Based on the 

collected data from document analysis and questionnaires, semi structured interview items 
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through which department heads, quality assurance officers and other officials were 

interviewed, was developed. The researcher takes notes during the interview.  Focus group 

discussion is highly recommended and plan when studying issues that require discussions. 

Accordingly, the researcher was moderate focus group discussions in each band taking notes 

during discussions. 

3.5 Study variables  

Dependent variable: The current study requires a scale that results in a report of actual 

incidence/prevalence of cheating. By modifying the portion of the questionnaire designed to 

measure motivation for academic dishonesty used by[18], researcher asks students/learners if 

they had engaged in exam cheating and ascertains student motivation for the engagement. 

Students were provided the rate at which they had engaged in academic exam cheating because 

of the motivation indicators listed. The rate for the scale is “0=never” to “4=always.” A rate 

closer to the zero end of the scale indicates less incidence of cheating due to the corresponding 

motivation. Of the 31 items used by [13], 19 were chosen for this study due to the educational 

system and universities situation; then the factors composite of the high loading items or as an 

aggregate cheating score rates were taken as a composite measure of the dependent variable as 

cheating report. Therefore, the outcome/ response / variable is exam cheating report indexed as 

composite of 19 items (Appendix A :). 

Independent variables: The explanatory/predictor/ variables are personal background, attitude 

and perception, and socio-economic and demographic characteristics; 

institutional/college/faculty/department related, courses related and invigilators’ related 

characteristics, and other factors which are found at each level. 

3.6 Methods of data analysis 

Afterwards quantitative data from the questionnaire was first entered to SPSS version 20 and 

analyzed using simple descriptive statistics like frequency, percentage, and mean scores. 

Moreover, inferential statistical methods/models (factor analysis and multilevel multiple linear 

regression) with tables and figures were used to display data. While the qualitative data from 

documents were analyzed through a comparison checklist, the interview and focus group 

discussions data were analyzed through the generation of categories by quoting. A coding 

scheme was devised for interview data. 
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3.6.1 Factor Analysis Model and Estimations 

Factor analysis is a multivariate statistical technique for modeling observed variables, and their 

description as the covariance relationships structure, in terms of a smaller number of underlying 

unobservable (latent) quantities called “factors.”  

Estimation of Rotated factors with Varimax rotation method and factor score values for the 

unobserved random factor vectors were obtained, and used for further analysis in binary logistic 

regression model. 

3.6.2 Multilevel Multiple Linear Regression Model 

A regression model of nested data which show both fixed effect and random effect in a linear 

prediction is known as hierarchical /mixed-effect or multilevel model. For this study the model 

is fitted using four-levels of hierarchy: students within departments (teachers) within 

college/faculty within university, which involves different steps for estimation: null and final 

models (random intercept and random slope models) 

4. Result and Discussions 

 Cheating rate score is a composite variable in which the data scores are obtained from 19 

observed indicators (Appendix A) of cheating using transformation in SPSS software. 

4.1 Descriptive Results 

Most of the students always cheat in written examinations due to the need to get employed soon, 

fear to fail in exams due to strict and harsh grading system and to be eligible for scholarship 

(Table 2, below). 

Table 1: Cheating rate variations and distribution among universities by faculty or college 

Cheating Rate Score (composite) 

University College Size Mean Variance SD % of Total N 

Debre Tabor 

(DTU) 

Engineering 96 12.60 134.663 11.60 9.3% 

Natural Sciences 33 7.76 122.189 11.05 3.2% 

Agriculture 31 18.06 246.996 15.70 3.0% 

FBE 70 15.02 168.275 12.97 6.8% 

Social Sciences 14 9.21 79.412 8.91 1.4% 

Health Sciences 6 6.33 30.267 5.50 0.6% 

Total 250 12.98 158.136 12.57 24.2% 

Debre Markos 

(DMU) 

Engineering 167 12.31 130.322 11.41 16.1% 

Natural Sciences 31 2.33 7.026 2.65 3.0% 
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Agriculture 3 6.33 32.333 5.68 0.3% 

FBE 28 15.43 169.439 13.01 2.7% 

Social Sciences 65 8.12 73.348 8.56 6.3% 

Health Sciences 20 6.60 26.463 5.14 1.9% 

Total 314 10.31 114.042 10.67 30.3% 

Gondar 

(UoG) 

Engineering 212 14.98 138.256 11.75 20.5% 

Natural Sciences 113 11.27 157.447 12.54 10.9% 

Agriculture 24 13.92 190.775 13.81 2.3% 

FBE 19 11.21 165.398 12.86 1.8% 

Social Sciences 90 12.54 87.015 9.32 8.7% 

Health Sciences 13 4.38 67.090 8.19 1.3% 

Total 471 13.12 138.191 11.75 45.5% 

Overall Total Engineering 475 13.56 135.817 11.65 45.9% 

Natural Sciences 177 9.04 135.043 11.62 17.1% 

Agriculture 58 15.74 217.107 14.73 5.6% 

FBE 117 14.49 167.338 12.93 11.3% 

Social Sciences 169 10.56 84.771 9.20 16.3% 

Health Sciences 39 5.82 39.467 6.28 3.8% 

Total 1035 12.23 137.037 11.70 100.0% 

From Table 1 above, there are observed cheating rate variations among faculties/colleges of the 

three public universities. From Debre Tabor University and University of Gondar, summary 

values showed that faculty of agriculture have a highest cheating rate score followed by faculty 

of Business and Economics (FBE). On the other hand, results of Debre Markos University 

showed that the highest cheating rate score variation is observed in faculty of Business and 

Economics (FBE) followed by Faculty of Technology (Engineering). 

From Table 2 and Figure 2 below, the rate of students cheating attempt/practice/ is increasing 

as seniority increases. In all the universities the highest cheating rate is observed at year 5.  

Moreover, there were cheating rate variations among batches within the universities. 

Table 2: Cheating rate variations and distribution of universities by students year of study (batch)  

Cheating Rate Score 

Name of the University Year of study N Mean % of Total Sum 

Debre Tabor Year I 55 16.85 7.3% 

Year II 73 10.39 6.0% 

Year III 79 11.72 7.3% 

Year IV 30 12.87 3.0% 

Year V 13 18.92 1.9% 
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Total 250 12.98 25.6% 

Debre Markos Year I 66 9.89 5.2% 

Year II 62 9.29 4.5% 

Year III 114 7.69 6.9% 

Year IV 46 13.63 5.0% 

Year V 26 19.38 4.0% 

Total 314 10.31 25.6% 

Gondar Year I 104 8.20 6.7% 

Year II 180 14.63 20.8% 

Year III 91 10.53 7.6% 

Year IV 65 13.03 6.7% 

Year V 31 28.74 7.0% 

Total 471 13.12 48.8% 

Total overall data Year I 225 10.81 19.2% 

Year II 315 12.59 31.3% 

Year III 284 9.72 21.8% 

Year IV 141 13.19 14.7% 

Year V 70 23.44 13.0% 

Total 1035 12.23 100.0% 

 

 

Figure 2: Boxplot showing cheating rate distribution by year of study. 

Form appendix C, Table 4, among the expected reasons of exam cheating lack of students’ 

confidences in university; unclear punishment measurement of cheaters in the university, 
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students eagerness to get grade point average and Universities have no enough educational 

facilities (laboratory, library, internet access and pedagogical center).  

On the other hand, among the methods of exam cheating teachers /invigilators/ respond that the 

highest percentage of students were students used internet, cellular phones and other personal 

devices in exam rooms, students used crib notes during exam, and students used direct 

observation or copying during examinations. Moreover, the frequency of using cheating 

techniques like copy the answers from your friends, agreement of friends(s) copy answers from 

their sheet, receive the answers from friends’ signal or hand gestures and smuggle clip notes 

with some answers to copy. 

4.2 Results From Factor Analysis 

The overall consistency of the instrument as Cronbach’s alpha .843 shows that the items of 

study were reliable. The sample is enough for Principal Component Factor Analysis. 

The result shows that experiential variables were adequately associated, which means the 

observed variables were not totally uncorrelated, and it is possible to do factor analysis. All 

factor loadings less than 0.333 were blocked in the output. Thus, the larger factor loadings were 

suitable and easy for explanation. Moreover, from the factor analysis, all 26 observed variables 

(items) as motivating factors of cheating can be expressed (composed in to) by 8 component 

factors. 

4.3 These eight component factors, latent variables, (Table 3, Appendix C) cover a total 

84.67% of the total variation explained in the data from the original observed 26 variables. 

The original observed variables (items) have 5 likert scales starting from 1=strongly disagree 

to 5= strongly agree. The extracted component factors can be named as teachers-learner 

related factor which contains 9 observed items; classroom related factor which contains 3 

observed items; background factor which contains 2 observed items; teaching-learning related 

factor which contains 4 observed items, exam nature related factor which contains 2 observed 

items, exam Results of Multilevel Multiple Linear Regression 

4.3.1 Model Fitting and Selection 

Multilevel multivariate linear regression is appropriate model for cluster nature or nested data 

to study the influence of input features on the output feature, i.e. exam cheating rate. Three 

different models were fitted: Null model, random intercept model and random slope model. 
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To define a multilevel structure, in this case a Univariate 4-level model, treat universities as 

level- 4, colleges (faculties) as level-3, and departments as a level-2 and students within 

departments of different batch taken as level-1 units. 

Form the intra class correlation coefficient (ICC), about 1.3% of the exam cheating variations 

was due to level-1 or student’s effects and 98.7% of the exam cheating rate variations were 

university effects. On the other hand, the intra-class correlations also show that the largest 

variations were observed due to the university effects. Moreover, there is a relatively similar exam 

cheating tendency between two randomly selected students from a university than taking two 

randomly selected students from two universities. 

Specifically, from the multilevel empty models, one can understood that there is none zero 

variation of cheating rate between universities, within universities (colleges/faculties) and 

within departments (among students). However, there were a no exam cheating variation 

between departments or there is no sections /departmental/ level variation as the overall data 

(Appendix-E, Fitted Equations 1 and 2). 

Table 4: Multilevel Linear Regression Models and Their Deviance-Based Chi-square Test. 

Fitted Models Null/Empty Models Random Intercept (fixed 

slope) Model 

Random Slope (fixed 

intercept) Model 

-2*Log likelihood 8015.250  6526.87 6496.830  

Deviance-Based Chi-

Squared Value 

13.411 1488.38 30.04 

P-value 0.00382* 0.000000* 0.00020796* 

The deviance-based chi-square value for multilevel empty model shown in Table 4 above is the 

difference in log-likelihoods between a multilevel empty model for analysis of exam cheating 

rate without random effect and a multilevel empty model for that analysis exam cheating rate 

with random effect (Appendix-E, Fitted Equations 1 and 2), which is to be compared with the 

critical value from the chi-squared distribution with additional parameters as degree of freedom. 

This implies that multilevel empty models with random effect, universities and faculties level 

are better than a multilevel empty model without random effect which shows the significance 

of testing the random part as multilevel model fitting for the overall data sets. 
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4.3.2 Fixed Slope With Random Intercept Model 

The fixed portion of the multilevel analysis (Appendix-E: Equation 3), shows that birth place 

(urban), lack of interest to study, previous cheating background, lack of confidence, complexity 

of exams, inconsistence exam questions with syllabus, unclear assessments, loose disciplinary, 

invigilators bad complain and lack of clarifications of exam rules and regulations were 

statistically significant explanatory variables on exam cheating rate of students. On the other 

hand, there are statistically significant exam cheating variations among students followed by 

among universities. However, there were no variations in exam cheating among faculties/ 

colleges and among departments. 

4.4 Qualitative Analyses (Popular Cheating Strategies and Suggested Preventions) 

From the document analysis and focus group discussions held in the universities lots of ideas 

were raised. These were about exam cheating for quality education, motives of cheating, 

cheating strategies and preventions methods. Currently in Ethiopian universities cheating at 

examination isn’t a big issue (being it is already adapted more) and let alone the students (the 

proponent) of the shameful activity even teachers and instructors are not this much sensitive to 

reduce and kill the opportunities which let students cheating at examination. It already becomes 

a culture! Surprisingly, those who have self-confidence, those who fight cheating at exams and 

expose such things are insulted and called the local word “FARA” to mean untrained. The 

proliferation of sophisticated electronic technology, however, has added a new dimension to 

cheating such as use of internet and scanned notes in mobile devices.  

     

Figure 3: Cheating techniques used by students (from FGD). 

The focus group discussion (FGD) and interview results showed that among the strategies of 

students used in exam cheating use of piece of papers, body parts and use of technology 

(mobile) devices are the common once. The participants of the discussion groups and interviews 

suggested the following techniques of exam cheating preventions in universities. These are 

using randomized assigned seating, give open book tests or allow students to bring notes or 
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study guides, make advance communication about the exams, test administration with small 

class size, label the class room chairs in numbers and arrange students per seating and have 

students take all items(mobile, exercise book, books, etc.) off their desks. 

4.5 Discussions 

This study assessed the drivers / the reasons/ that persuade students in public universities to 

cheat using possible strategies of exam cheating in 2020/2021, 2012 E.C. Various reasons or 

drivers have been mentioned by selected respondents from students, instructors/ lecturers/ and 

academic officials in the universities. The variations of students exam cheating attempt among 

universities, among faculties/ colleges/ within universities, among departments within 

faculties/colleges/ and among students within departments were assessed.  A bulky of exam 

cheating variations was observed in agriculture faculty students followed by business and 

economics faculty students of the public universities [19]. 

From the multilevel regression random parts and fixed part coefficients (B), there were huge 

amount of exam cheating variations among students with in departments. However, there was 

no college/ faculty/ level cheating prevalence variations. From the mass of expected factors 

which motive students to cheat in examination were birth place (urban), lack of interest to study, 

previous cheating background, lack of self-confidence`, complexity of exams, inconsistence 

exam questions with syllabus, unclear assessments, loose disciplinary, invigilators bad 

complain and lack of clarifications of exam rules and regulations, many previous studies were 

consistent [20][11]. 

Distinguishing students cheating behaviors is often a matter of being extremely aware of where 

the students are looking, which implies a need to watch their eyes almost constantly (this may 

also prove to be the most effective method of prevention, as they will be aware of the extra 

attention). It becomes the bottleneck problem for quality education. As a result it is a necessity 

to tackle this problem[8]. Hence, this research was assessing cheating problems by identifying 

different cheating mechanisms and developing management strategies through interview and 

focus group discussion. The study revealed that most commonly used cheating mechanisms 

were written materials (writing on a piece of paper) and copying from others (consistence with 

[18][4]). Hence universities should developed stoppage strategies based on the study to control 

the cheating problems by assigning two invigilators’ in one room and placing clever students 

at the back rows/ benches of the examination room. This strategy minimized the number of 

students participating in cheating from 10% to nil in the public universities [21].  
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5. Conclusion and Recommendations 

5.1 Conclusion 

This study infers that 1 in 10 students of Public Amhara Regional State University cheat in 

examinations; nevertheless it is a common understanding that it as an unacceptable conduct. 

Students’ exam cheating in universities appears to be both a pervasive and growing 

phenomenon. Moreover, the current examination cheating in the university is very strongly 

associated with exam cheating in high school backgrounds, cheating on the regional and 

national examination, field of study, instructors’/lecturers/ behaviors, year of study and study 

habit. This trend is of particular concern to university students of Business and Economics, 

Engineering and Agriculture. The fundamental question of interest to the author was not “do 

university students cheat” (which, unfortunately, appears to be well-answered in the 

affirmative), but “why do university students cheat in examination and the deviations?”  A mass 

of random variation occurred among students followed by universities, but no more deviation 

among departments and faculties/ colleges/. Generally the study revealed that most commonly 

used cheating mechanisms were written materials (writing on a piece of paper), use of 

technology and devices, and copying from others. Thus, for these techniques of exam cheating 

like chewing gum and misdirection of invigilators stoppages of cheating problems by assigning 

two invigilators’ in one room and placing clever students at the back rows/ benches/ of the 

examination room must be used.  

Recommendations 

These findings would be assistance to create interventions that discourage exam cheating as 

positive attitudes toward cheating at Universities as well as other higher institutions. Institutions 

that train the future leaders, officials and professional should not behaved bad. The findings 

have important implications for development of an institution’s policies on academic integrity 

and quality education. By extension, they affect the policies the educational system and on 

wards while the working environments for good governance. Clarification of exam rules and 

regulations, use open punishments for cheaters, mandated attendance at lectures, identification 

of student’s status for exam seating, and reduction of substance use are likely to reduce 

cheating.  

 

6. Appendixes 

Appendix A: Questionnaire to be Filled by Students 
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Dear Respondents: 

I would like to appreciate your willingness to participate in the current study. The main objective 

of the research is to identify factors or reasons that push students in public Universities to cheat 

using possible cheating strategies. The questionnaire is designed to collect information for the 

research. So, the success of this study largely depends upon your honest response. Hence, you are 

very kindly requested to reply all the questions faithfully.  You are not expected to write your 

name. We guarantee that your personal information will be kept confidential.  

Part I: Background information 

1.1 Name of the University 1). Debre Tabor University 2). Debre Markos University 3). 

Gondar University 

1.2 Faculty/ College___________________________________________ 

1.3 Department_______________________________________________ 

1.4 Year of study/Batch________________________________________ 

1.5 Sex         1). Male       2). Female 

1.6 The school area you completed your preparatory education   1). Urban   2). Rural 

1.7 Birth place                   1). Urban   2). Rural 

1.8 Region you came from________________________________________________ 

1.9  The type of school that you completed your preparatory education    

                              1). Governmental/ public/        2). Private              3). Other____________ 

During the previous academic years, did you cheat on any written quiz, tests, or final exam for 

any of the following reasons? Rate on a 0 (never) to 4 (always) scale. 

Indicators for the reasons to cheat (Exam 

cheating report) 

Never 

(0) 

Rarely 

(1) 

Sometimes 

(2) 

Often 

(3) 

Always 

(4) 

I want to score high grades      

I want to maintain eligibility for a scholarship       

To get employed       

The presence of too many tests per a day makes me 

busy. 

     

University courses and workload are too heavy       

Cheating is easier than studying       
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Others’ cheating puts me at a disadvantage      

Teachers’ demands are unreasonable       

The material learnt is not important       

I need to excel at any cost       

Teacher did not adequately explain the material 

learnt 

     

I don’t have the ability to do well in the class 

without cheating  

     

Pressure from partners.        

Job leaves no time for studying       

My health problem prevents me not to adequate 

preparation  

     

Unfair teacher       

I fear not to fail exams due to strict and harsh 

grading system  

     

Lack of effort to study.          

Inattentiveness or absenteeism in class push me to 

cheat 

     

Part II: Factors influencing students to cheat on exam. Put a tick () to rate the scales, which 

are true for you. 

 

You/students/ cheat on the exam because  

Rating Scales 
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I  don’t want to study again and again (Modify F or FX)       

You used to cheat in high school and entrance exams       

I lack confidence to do by my own.         

I believe that  exams are too hard and complex       

Exams do not measure what we have learnt.      

The test instructions are not clear       

Loose disciplinary measure as a result of cheating.       

I do not prepare well before exams       
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I do not pay attention to study in class since you know that you can 

eventually cheat when an exam comes  

     

I think that  invigilators will never complain even if they see me 

cheating   because they used to  cheat as well  

     

Some teachers prefer to let students revise the lesson at home than 

revising it in class.   

     

The presence of too many assignments and home works by 

teachers does not allow me to read.     

     

I believe that passing  exams is more important than getting   

knowledge  

     

The high expectation and responsibility my family have on me 

makes me worry   and forced me to cheat.      

     

Pressure & expectation to work in a good place pushes me to cheat.      

Teachers attempt to leave the exam room triggers me to cheat.       

I think that everyone in the exam room is cheating.       

I’m not confident in the teacher’s professional competence, so I 

cheat  

     

Lack of orientation about the seriousness of cheating increases 

cheating.     

     

There is no serious rule and sanction about cheating rather than 

declaring that cheating is wrong. 

     

The emergency of new technologies, such as mobile phone, copy 

machine, etc. open rooms for cheating. 

     

The saying “study to get knowledge, take exams to get scores” 

aggravates cheating. 

     

The saying “passing the exams dirtily are better than failing 

cleanly” can lead me to cheat.  

     

Fear of failure or dismissal due to low grade pushes me to cheat.       

Large crowded classrooms fostered cheating       

Other students cheat so I need to cheat      

Part III: Frequency and methods students use to assist cheating on the exams. Put a tick () to 

rate the scales, which are true for you.  

 

How often you /students/ do these things when taking exam   

Rating Scales 
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Copy the answers from your friends       
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Let your friends(s) copy answers from your sheet       

Use hands gestures or signal to tell your friends(s)       

Receive the answers from your friends’ signal or hand gestures       

Smuggle clip notes with some answers to copy       

Use mobile phone to help in cheating such as: looking up for 

meanings of words, store some pictures, texts. 

     

 I change my answers since the student said this is right that is 

wrong  

     

 I sit at the corner of the class so as not to be seen by the 

invigilator.   

     

Write major points on the table, wall, learning equipment’s such 

as ruler, pen and so on  

     

 I copy from other students without realizing the answer.       

I hurriedly look friends or books to find answers when the 

invigilators tell us to hand in the sheets. 

     

I hurriedly write the answers for my friends when the 

invigilators tell us to hand in the sheets. 

     

Appendix B: Questionnaire for Teachers, Officials and University Managements 

Dear Respondents: 

I would like to appreciate your willingness to participate in the current study. The main objective 

of the research is to identify factors (characteristics) or reasons that persuade students in public 

Universities to cheat using possible strategies of exam cheating. The questionnaire is designed to 

collect information for the research. So that, the success of this study largely depends upon your 

honest response. Hence you are very kindly requested to reply all the questions faithfully with full 

information as accurate as possible. You are not expected to write your name. We guarantee that 

your personal information will be kept 

Part I: Background Information  

1.1  Name of the university you work       1). Deber Tabor    2) Debre Markos       3) Gondar  

1.2 Gender                                                         1). Male                 2).Female  
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1.3 Your position in the university: ___________________________________________      

1.4 Years of experience in university 1) 1-3 years  2) 4-5 years    3) 5-6 years   4) More than 

6  

1.5 The Faculty or college you are working in_______________________ 

1.6 How many cheating attempts you had got within a semester when you are assigned as 

invigilator? _______________________(in numbers) 

Part II: Specific Information  

 Please, read the following questions carefully and indicate the extent to which each of the 

causes for cheating is common in your university.  Please tick () on the alternatives given from 

1-5.   

1= Never, 2=Rarely, 3= Sometimes, 4= Often, 5=Always or Almost Always.  

The major causes of student’s cheating during examination  Rating Scales 

1 2 3 4 5 

There is poor time management in our university during exam       

There is lack of students confidences in our university      

There is no clear  punishment measurement of cheaters in the university      

There is lack of students interest in the course contents       

Our students are too eager to get grade point average      

Some of university community promote cheating during national examinations      

Our University has no enough educational facilities (laboratory, library, internet access and 

pedagogical center) 

     

The major types of cheating methods during examinations       

In our university the students used crib notes during exam       

During examinations our students used direct observation of exam copying      

Writing some notes on shoes, hands and body to use  during exam      

In our university students used Internet, cellular phones and other personal devices in exam      

 

Appendix C: List of Appendix Tables 

Table 3: The extracted 8 Component factors of cheating 

Rotated Component Matrixa 

Component Factors 1 2 3 4 5 6 7 8 
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I’m not confident in the teacher’s professional 

competence, so I cheat 

.79        

The saying “Passing the exams dirtily is better 

than failing cleanly” can lead me to cheat. 

.73        

Teachers attempt to leave the exam room triggers 

me to cheat. 

.68        

Fear of failure or dismissal due to low grade 

pushes me to cheat. 

.67        

Other students cheat so I need to cheat .66        

The high expectation and responsibility in family 

makes me worry and forced me to cheat. 

.65        

Loose disciplinary measure as a result of cheating. .65        

Pressure & expectation to work in a good place 

pushes me to cheat. 

.56        

I believe that  exams are too hard and complex .42  .40 .41     

Large crowded classrooms fostered cheating  .80       

Emergency of new technologies, such as mobile 

phone, copy machine, etc open rooms for cheating. 

 .79       

The saying “Study to get knowledge, take exams 

to get scores” aggravates cheating. 

.36 .71       

I lack confidence to do by my own.   .72      

You used to cheat in high school and entrance 

exams 

  .71      

Some teachers prefer to let students revise the 

lesson at home than revising it in class. 

   .76 .36    

The presence of too many assignments and home 

works by teachers does not allow me to read 
.34   .65     

I believe that passing  exams is more important 

than getting   knowledge 

.38   .51     

I  don’t want to study again and again (Modify F 

or FX) 

.37  .35 .42     

The test instructions are not clear     .81    

Exams do not measure what we have learnt. .38   .45 .65    

Invigilators will never complain even if they see 

me cheating   because they used to  cheat as well 

     .61   
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There is no serious rule and sanction about 

cheating rather than declaring that cheating is 

wrong. 

 .49    .55   

I do not pay attention to study in class since you 

know that you can eventually cheat when an exam 

comes 

  .49   .55   

I do not prepare well before exams       .86  

Lack of orientation about the seriousness of 

cheating increases cheating 

       .85 

I think that everyone in the exam room is 

cheating. 

   -.33    -.34 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.843 

Bartlett's Test of Sphericity Approx.                  Chi-Square 1.946E3 

Degree of freedom (p-value) 231(0.0000) 

Table 5: Respondent students count (percentage) on cheating rate observed items (Students). 

Indicators for the reasons to cheat (Exam 

cheating report) 

Never (0) Rarely 

(1) 

Sometimes 

(2) 

Often (3) Always 

(4) 

Frequency (percentage) Frequency (%) 

I want to score high grades 665(64.3) 136(13.1) 127(12.3) 19(1.8) 88(8.5) 

I want to maintain eligibility for a scholarship  710(68.6) 115(11.1) 59(5.7) 19(1.8) 132(12.8) 

To get employed  693(67) 156(15.1) 38(3.7) 35(3.4) 113(10.9) 

The presence of too many tests per a day makes 

me busy. 
552(53.3) 225(21.7) 167(16.1) 31(3) 60(5.8) 

University courses and workload are too heavy  653(63.1) 169(16.3) 96(9.3) 57(5.5) 60(5.8) 

Cheating is easier than studying  928(89.7) 81(7.8) 9(0.9) 7(0.7) 10(1) 

Others’ cheating puts me at a disadvantage 722(69.8) 180(17.4) 77(7.4) 27(2.6) 29(2.8) 

Teachers’ demands are unreasonable  724(70) 198(19.1) 90(8.7) 13(1.3) 10(1) 

The material learnt is not important  696(67.2) 214(20.7) 84(8.1) 5(0.5) 36(3.5) 

I need to excel at any cost  781(75.5) 130(12.6) 73(7.1) 27(2.6) 24(2.3) 

Teacher did not adequately explain the material 

learnt 

541(52.3) 259(25) 140(13.5) 56(5.4) 39(3.8)  

I don’t have the ability to do well in the class 

without cheating  

874(84.4) 75(7.2) 28(2.7) 49(4.7) 9(0.9) 



7. Uluslararası Öğrenci Sempozyumu 

 53 

www.internationalstudentsymposium.com 

Pressure from partners.   753(72.8) 129(12.5) 95(9.2) 38(3.7) 20(1.9) 

Job leaves no time for studying  728(70.3) 115(11.1) 106(10.2) 80(7.7) 6(0.6) 

My health problem prevents me not to adequate 

preparation  

692(66.9) 133(12.9) 115(11.1) 47(4.5) 48(4.6) 

Unfair teacher  537(51.9) 223(21.5) 181(17.5) 54(5.2) 40(3.9) 

I fear not to fail exams due to strict and  harsh 

grading system  

583(56.3) 138(13.3) 158(15.3) 38(3.7) 118(11.4) 

Lack of effort to study.     739(71.4) 88(8.5) 97(9.4) 35(3.4) 76(7.3) 

Inattentiveness or absenteeism in class push me to 

cheat 

656(63.4) 131(12.7) 121(11.7) 45(4.3) 82(7.9) 

 

Table 6: The major reasons of exam cheating and methods of cheating as instructors 

/invigilators /observation and experience. 

The major causes of student’s cheating 

during examination  

Never (1) Rarely (2) Sometimes (3) Often (4) Always 

(5) 

Frequency (percentage) Frequency (%) 

There is poor time management in our university 

during exam  

46(17.6%) 94(36%) 69(26.4%) 37(14.2%) 15(5.7%) 

There is lack of students confidences in our 

university 

4(1.5%) 58(22.2%) 78(29.9%) 69(26.4%) 52(19.9%) 

There is no clear  punishment measurement of 

cheaters in the university 

40(15.3%) 68(26.1%) 67(25.7%) 64(24.5%) 22(8.4%) 

There is lack of students interest in the course 

contents  

58(22.2%) 102(39.1%) 75(28.7%) 26(10%) 0(0%) 

Our students are too eager to get grade point 

average 

63(24.1%) 57(21.8%) 57(21.8%) 50(19.2%) 34(13%) 

Some of university community promote cheating 

during national examinations 

118(45.2%) 73(28%) 40(15.3%) 16(6.1%) 14(5.4%) 

Our University has no enough educational 

facilities (laboratory, library, internet access and 

pedagogical center) 

58(22.2%) 36(13.8%) 53(20.3%) 79(30.3%) 35(13.4%) 

The major types of cheating methods during 

examinations  

             Frequency (%)  

In our university the students used crib notes 

during exam  

5(1.9%) 44(16.9%) 27(10.3%) 116(44.4%) 69(26.4%) 
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During examinations our students used direct 

observation  

of exam copying 

0(0%) 34(13%) 50(19.2%) 79(30.3%) 98(37.5%) 

Writing some notes on shoes, hands and body to 

use  during exam 

8(3.1%) 59(22.6%) 91(34.9%) 66(25.3%) 37(14.2%) 

In our university students used Internet, cellular 

phones and other personal devices in exam 

21(8%) 55(21.1%) 70(26.8%) 77(29.5%) 38(14.6%) 

Appendix-D: Graphs for Checking Multilevel Regression Models Adequacy. 
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Figure 4: Residuals with associated standard errors ordered by rank and normal plots for levels four 

and one: 

 

 

Figure 5: Scatter plots at level: 4 and batches 

 

Appendix-E: Fitted Multilevel (single-level) Regression model Equations. 

Equation 1: Multilevel Empty Model with single level. 

 

 

Equation 2: Multilevel Empty Model with 4 levels. 
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          Equation 3: Multilevel Random Intercept (fixed slope) Model with explanatory 

variables 
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Equation 4: Multilevel Random Slope Model with explanatory variables varying batch at all level. 
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Caffeine as a Green Inhibitor for Copper Corrosion in Sodium 

Sulfate Media 

Hiba Messaoudi1, Maamar Slimane2, Bahadır Keskin3 

Abstract 

In the last decades a huge intrest is turned towerd the use of natural products as green corrosion 

inhibitors instead of chemical and toxic inhibitors already present and hazardous for the 

inviroment. Their availabality, cheepness, and enviromantal freindly aspect gave them the 

priority to be used as green corrosion inhibitors world wild. They has attracted extreme interest 

in the scientific and industrial community, due to their high properties in the field of corrosion 

protection. Caffeine is one of them, it has been investigated and proven to be a good corrosion 

inhibitor for copper corrosion. In this work, we tend to study the protective effet of caffeine on 

the copper corrosion in aqueous sodium sulfate solution (Na2SO4 0.5 mol.L-1). Caffeine was  

added in the corrosive electrolyte at ambient conditions in different concentrations and has  been  

investigated and confirmed by electrochemical and thermodynamic methods together with 

surface analysis, so that it was demonstrated the strong protection offered by caffeine on the 

copper surface. 

Keywords: Corrosion, Caffeine, Green Inhibitors, Copper, Sodium Sulfate. 

 

1. Introduction 

Corrosion is an important economic, environmental and safety issue that affects many 

structures, particularly metallic materials. It is one of the main causes of the alteration and 

destruction of most installations and equipment [1]. The aggressive environment constitutes a 

particularly favorable environment for the deterioration of metallic materials. Factors inherent 

in the environment can influence their course and can also be a source of significant variations 

in corrosion kinetics: high ion content (chloride, sulfate, nitrate, ammonium, carbonate, etc.), 

dissolved oxygen, pH, aeration, hydrodynamic conditions etc [2]. Copper is often used for its 

corrosion resistance property. However, this metal is not completely immune to corrosion and 
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degradation by pitting is frequently observed [3]. The damage of many installations caused by 

corrosion, the decommissioning of some of them and their operating cost, as well as water 

pollution if the material is used in the pipes justify the efforts made to prevent and control the 

deterioration of metallic materials. Corrosion problems are increasingly taken into account and 

mastered. The articles and works published on this subject bear witness to a great technological 

and scientific development in terms of inhibition [4]. Our work falls within this issue. In the 

last two decades, research in the field of green corrosion inhibitors has been directed towards 

the use of non-toxic inhibitors [5]. Unfortunately, many corrosion inhibitors harmful to health 

are still on the market [6]. Though there is still increased attention directed to the development 

of environmentally friendly, non-polluting corrosion inhibitors. Thus, in recent years, green 

corrosion inhibitors have been developed. The objective of this work is to study the inhibition 

of copper corrosion by caffeine in sodium sulfate medium 0.5 mol.L-1 by mean of 

electrochemical, thermodynamic and surface analysis methods 

2. Experimental 

2.1. Chemicals and solutions 

The working electrode used for the electrochemical tests consisted of a copper sheet 

(99.99% pure) coated in a chemically inert resin. In order to obtain reliable results, the 

working electrode underwent mechanical polishing using emery paper (up to 4000) 

before each test. The electrode was then rinsed with distilled water, acetone and then 

again with distilled water. Finally, the electrode was dried with pulsed air. All experiments were 

carried out in an aerated sodium sulfate solution (0.5 mol.L-1) at a temperature of 293 K (20°C) 

and atmospheric pressure. Caffeine was added to the solution in concentrations of between 

2×10-3 and 10×10-3 mol L-1. 

2.2. Electrochemical system  

The experimental setup used for the electrochemical tests was a conventional three-electrode 

assembly containing a study cell, consisting of a copper working electrode, a KCl 

saturated calomel reference electrode (SCE) and an auxiliary platinum electrode. A 

potentiostat-galvanostat of type Varsastat 4 for the potentiodynamic and EIS assembly was 

driven by versastudio software. The scanning speed used in this study was 0.2 mV/s. In these 

conditions, the stability of the free potential was ensured in all experiments. The amplitude of 

the sinusoidal voltage applied to the polarization potentials was 10 mV, with a variable 
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frequency of between 100 KHz and 100 mHz. The results obtained were processed using 

ZVIEW® software. 

2.3. Surface characterization  

Pure copper sheets (1.5×1.5 cm) were dipped in 0.5M Na2SO4 solution at 293 K, both 

without and with the optimum concentration of caffeine (10-2mol L-1), and polarization 

was applied. A Zeiss EVO LS 10 SEM was used to observe the surface morphologies of the 

samples. All samples were sputtered with a gold layer to provide surface conductivity for SEM 

analysis. 

3. Results and discussion 

3.1. Polarization study 

Regarding the behavior of copper in a 0.5 M Na2SO4 medium, the observations reported in the 

literature are similar to those obtained in the case of copper in a 3.5% NaCl medium [7]. 

Therefore, for the reaction in the cathodic field, the water and oxygen reduction reactions take 

place according to the reactions (1) and (2), while in the anodic field we find the dissolution of 

Cu into Cu+ and Cu2+ according to reactions (3) and (4).  

2H2O + 2 e- → H2 + 2 OH-     (1) 

O2 + 2H2O + 4 e- → 4 OH-    (2) 

Cu → Cu+ +e- (Fast)     (3) 

Cu+ → Cu2+ + e- (Slow)    (4) 

Figure.1 illustrates the polarization curves of copper immersed in a 0.5 mol.L-1 sodium sulfate 

solution Na2SO4 at different concentrations of caffeine at a temperature kept constant 

throughout the experimental procedure, pH = 9.8, in order to determine the optimum caffeine 

concentration that best protects the copper in this solution; Table 1 summarizes the results 

deduced from the polarization curves obtained. 
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Figure 1. Polarization curves of copper in Na2SO4 at 0.5 M, with different concentrations of 

caffeine. 

Examination of the polarization curves shows that the general shape of the curves is the same 

for systems without and with different concentrations of the inhibitor, indicating that the 

electrochemical processes are identical for all metal/solution pairs.  The anodic curves show a 

high current density plateau reflecting the dissolution of copper, while the cathodic curve is 

steeper and the current densities are lower indicating that the oxygen and water reduction 

reactions are more important, which is in agreement with the literature [8]. 

Table 1. Electrochemical parameters of copper in 0.5 M Na2SO4 with different concentrations 

of caffeine. 

C 

(mmol. L-1) 

- E 

(mV/ECS) 

Tafel constants Icorr 

(µA/cm²) 

Ei (%) 

bc 

(mV/dec) 

ba 

(mV/dec) 

Blanc 85 248 47 19.6 0 

1 64 294.5 54 11.1 43 

2 44 251 55.5 9.24 53 

5 49 339 57 8.92 54.5 

7 62 275 66 7.2 63 

10 60 249 75 3.89 80 
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The addition of different concentrations of inhibitor in solution induces a significant decrease 

in the partial anode and cathode current densities, this decrease is attributable to the formation 

of the film which acts as a barrier layer which limits or inhibits the corrosion of copper. Caffeine 

works by altering both the anodic and cathodic processes. Indeed, for the solution of Na2SO4 

without inhibitor we find the corrosion current equal to 19.6 µA/cm², while for the 

concentration of 10 mmol.L-1 of caffeine it is equal to 3.89 µA/cm², offering a rate 80% 

inhibition. The displacement of the corrosion potential (Ecorr) in the presence of caffeine 

molecules as well as in their absence provides information on the type of inhibitors. In fact, the 

change in the Ecorr value of more than -85 mV suggests that the inhibitor has a certain specific 

inhibiting behavior for anodic or cathodic reactions. However, if the offset is less than -85 mV, 

then the inhibitor can be defined as the mixed type. Caffeine showed the maximum shift in the 

Ecorr value of -25 mV. Shifting the Ecorr values in negative directions indicates that the caffeine 

molecule acts as a mixed-type inhibitor with little cathodic predominance behavior [9]–[12]. 

Careful observation shows that the slopes of the anodic Tafel lines Ba remain almost unchanged 

under the inhibited conditions (in the presence of caffeine) compared to the slopes of Tafel in 

the uninhibited situation; indicating that the presence of the inhibitor in the solution has no 

effect on the copper dissolution mechanism, tough the inhibitor molecules block active 

corrosion sites on the copper surface. 

3.2. Impedance data (EIS) 

In order to elucidate the inhibition mechanisms of copper in a 0.5 M Na2SO4 solution, we 

undertook a study by electrochemical impedance spectroscopy.  Figure 2 shows the Nyquist 

and Bod representation impedance diagrams, plotted after the stability of the dropout potential, 

for the copper electrodes immersed in 0.5 M Na2SO4 in the presence of different concentrations 

of caffeine.  
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Figure 2: Impedance diagrams in representation: (a) Nyquist, (c) and (d) Bode, and their 

equivalent circuit (b) of copper in Na2SO4 at 0.5 M, with different concentrations of caffeine. 

The shape of the EIS diagrams relating to copper in Na2SO4 are characterized by a depressed 

semi-circle (the second loop is not visible on the Nyquist diagram, its existence will be proved 

by the Bode diagram), in the whole frequency domain, whose center is under the axis of the 

real numbers. This behavior is characteristic of a frequency dispersion of the impedance data 

of the metal electrodes [13], which is generally attributed to the porosities and in homogeneities 

of the metal surface. The well-defined capacitive semicircles suggest that the corrosion process 

is governed by a pure activation regime   [14]. In this behavior of solid electrodes, where an 

inhibitor is present, a parallel network charge transfer resistor/double layer capacitance is 

established. For the description of a frequency independent phase shift between an applied 

alternating potential and its current response, a constant phase element (CPE) is used which is 

defined in the impedance representation as in equation (5)  

(b) 
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 𝑍𝐶𝑃𝐸 = 𝑄−1(𝑗𝜔)−𝑛    (5) 

It is obvious that the shape of the diagrams, in the complex Nyquist plane, remains unchanged 

without or with caffeine. On the other hand, the size of the semicircles increases with the 

addition of different concentrations of caffeine, resulting in the blocking of the charge transfer 

reaction by the presence of the inhibitor film: this film is increasingly resistant to active 

dissolution of copper. The Bode diagram shows the existence of two-time constants, which 

results in two poorly defined capacitive loops on the Nyquist diagram, for inhibitor 

concentrations it can be associated with the film. This diagram also shows a broadening of the 

phase which suggests a strong inhibition of the dissolution process occurring on the surface of 

copper. These observations show that the inhibitor forms a compact film that adsorbs on the 

surface of the copper, which will be proven by surface analysis. The values of the 

electrochemical parameters and of the inhibition efficiency of the different concentrations of 

caffeine against the corrosion of copper in Na2SO4 at 0.5 M obtained by electrochemical 

impedance spectroscopy (EIS) are gathered in Table 2.  

Table 2. Electrochemical impedance parameters of copper immersed in 0.5 M Na2SO4 at 

different concentrations of caffeine. 

C
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-n] 

n
2  

X
2  

(×
1

0
-3) 

E
i 

(%
) 

Blanc 7.831 104.3 143 0.829 739.2 150.4 9800 0.508 2 / 

1 12.55 353 67.71 0.764 652.8 1125 623 0.557 5 70 

2 19.93 468.6 61.72 0.7683 141.7 927.1 337,3 0.760 0.6 77 

5 20.78 498.8 46.158 0.768 68.5 1269 337,83 0.570 0.1 79 

7 23.16 655.4 28.19 0.704 45.54 1374 681,6 0.683 1.2 84 

10 23.44 1003 22.286 0.724 18.80 1826 267.55 0.746 1 90 

From the data summarized in Table 2, we find that the value of the charge transfer resistance 

increases with the addition of caffeine. This high value can be explained by a thickening of the 

film, which also results in an increase in the values of its resistances. Resulting in an inhibition 

rate of up to 90% for the concentration of 10 mmol.L-1 in caffeine. Examination of the values 
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of Rct and Cdl shows that they have an opposite tendency with respect to the whole range of 

concentrations (Rct increases and Cdl decreases with the concentration of the inhibitor). The 

decrease in this capacitance with increasing caffeine concentrations can be attributed to the 

formation of a protective layer on the surface of the electrode.  In fact, the increase in the values 

of the resistance of the film (Rf) compared to 0.5M of Na2SO4 and to the inhibitor concentration 

can be explained by a certain decrease in the surface heterogeneity, due to the adsorption of the 

inhibitor molecules on the most active adsorption sites. 

3.3. Surface characterization analysis  

Based on the electrochemical results, it is clear that caffeine inhibits the corrosion of copper in 

sodium sulphate medium by the formation of a complex protective film based on caffeine. The 

formation of this film on the surface of the copper is further confirmed by Figure 3, which 

shows the representative SEM micrographs recorded for a sample of copper, after immersion 

in a 0.5M Na2SO4 solution in the absence and in the presence of 10 mmol.L-1 of caffeine.  

     

Figure 3. SEM micrographs for different copper surfaces (a) Cu + Na2SO4, (b) Cu + Na2SO4 

+ Caffeine. 

The surface morphology of copper immersed in aqueous Na2SO4 solution was followed in the 

absence (Figure 3 (a)) and in the presence of the optimal concentration of caffeine 10                

mmol.L-1 (Figure 3 (b)). It has been reported that the corrosion behavior of the patinas formed 

on the surface of copper is more affected by their morphology than by their chemical 

composition [15]. As shown in Figure 3(a) it can be seen that the deposition of the corrosion 

products of spherical shape encompasses the surface of the copper with the formation of more 

or less adherent clusters. The surface of the coupons became dull but without a change in color. 

(a) 

 

200nm 

 

200nm 

(b) 
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In general, pitting corrosion is not observed. The presence of caffeine (Figure 3 (b)) masked the 

local imperfections due to corrosion products. The atomic terraces were still visible at some 

sites, showing that the surface was partially covered by caffeine. The morphology of the surface 

did not change significantly during the measurement; only the stepped structure has become 

less visible with the formation of the protective film considerably reducing the penetration of 

corrosive products on the surface of the copper, which was previously proven by 

electrochemical techniques. This result can be explained by the reorganization of the caffeine 

molecule on the surface of copper. 

3.4. Absorption mechanism of caffeine on the copper surface 

It has been recognized that molecules create their inhibitory action through adsorption of the 

inhibitor to the metal surface. Adsorption can be described by two types of interaction: physical 

adsorption and chemical adsorption. The adsorption processes of inhibitors are influenced by 

the chemical structure of organic compounds, the nature and surface change of the metal, the 

charge distribution in the molecule, and the type of the aggressive medium [16]. The 

effectiveness of caffeine as a corrosion inhibitor generally depends on its adsorption capacity 

at the metal/solution interface, therefore it is essential to know the adsorption mode and the 

adsorption isotherm which can give valuable information regarding the interaction between the 

inhibitor and the metal surface. The relative efficiency of inhibition depends on: the rate of 

coverage of the metal surface by the inhibitor molecules; binding of the inhibitor molecule to 

the metal; and the stability of the complex which depends on the flatness of the molecule. The 

recovery rate (θ) values for different concentrations of caffeine at 20 ° C were used to determine 

the isotherm corresponding to the caffeine absorption process. Thus, different isotherms 

including Langmuir, Modified Langmuir, Temkin, and Frumkin were tested in order to find the 

suitable adsorption isotherm. For this, the value of the recovery rate of the metal surface by 

caffeine is defined by the relation (6): 

 Θ =
Icorr

° − Icorr

Icorr
°      (6) 

Where: Icorr
°  and Icorr represent the current densities in the absence and in the presence of the 

inhibitor. The values of Θ are presented graphically according to a given absorption isotherm. 

The surface coverage of different concentrations of inhibitor in 0.5M sodium sulfate Na2SO4 

was evaluated from electrochemical measurements, the data obtained from the Tafel method 

were tested with several adsorption isotherms. The "Frumkin" adsorption isotherm [17] has 

been shown to be well suited to the experimental data (Table 3). 



7th International Student Symposium 

70 

www.internationalstudentsymposium.com/en/ 

Table 3. Correlation coefficients for different adsorption isotherms of caffeine at the copper 

surface in Na2SO4. 

For the sake of brevity, we call the Frumkin-Fowler-Guggenheim isotherm just the Frumkin 

isotherm. The Frumkin isotherm, which takes in consideration the interactions between 

adsorbed species, has become a development well-known and important of the Langmuir 

isotherm. To create a realistic adsorption model, Frumkin assumed that there was some 

interaction between the adsorbate particles [18]. The Frumkin adsorption isothermal 

relationship is represented by the following equation [19]: 

 Ln [
θ

C(1−θ)
] = Ln K + 2aθ    (7) 

 Log [
θ

1−θ
] = Log K + a LogC  (8) 

Where θ is the surface coverage, C is the concentration of inhibitor in the solution, a is the 

lateral interaction coefficient describing the molecular interactions in the adsorption layer and 

the heterogeneity of the surface and is a measurement of the slope of the adsorption isotherm. 

K is the binding constant of the adsorption reaction. To simplify the presentation, we can expect 

a line with slope 2a and intersection Ln K. 

 Ln k =  −∆Gads
0 /RT   (9) 

The fit of the curves of the data obtained from potentiodynamic polarization measurements to 

the Frumkin adsorption isotherm for copper caffeine in a 0.5 M Na2SO4 solution at 20°C 

containing various concentrations of caffeine is shown in the Figure 4. 

Adsorption 

Isotherme 
Langmuir 

Modified 

Langmuir  
Temkin Frumkin Frundlich 

Flory-

Huggins 

Correlation 

coefficient (R2) 
0,91726 0,67057 0,72447 0,95348 0,79791 0,43062 
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Figure 4. FRUMKIN isotherm of copper in 0.5 M Na2SO4 in the presence of different 

concentrations of the inhibitor at 20 °C. 

The parameter a is the interaction coefficient, it is positive for attraction and negative for 

repulsion; its zero value indicates that no interaction between the adsorbed species takes place, 

in this case the Frumkin equation coincides with that of Langmuir  [20]. The value of a obtained 

in the present case is positive (+2.4826) indicates that there is attraction between the adsorbed 

inhibitor molecules.  

Table 4. Thermodynamic parameters relating to the adsorption of caffeine on copper in 0.5M 

Na2SO4. 

C (mmol.L-1) θ K (L/ mol) Ln K ΔG°
ads (KJ/mol) 

1 0.43 103.44 4,639 -15.4 

2 0.53 40.57 3.703 -12.28 

5 0.545 16.07 2.777 -9.22 

7 0.63 10.65 2.365 -7.85 

10 0.80 7.530 2.019 -6.7 

The spontaneity of the caffeine adsorption process on the copper surface under the conditions 

mentioned above is confirmed by the negative values of the Gibbs free energy of adsorption 

∆G°
ads. In fact, caffeine is physically adsorbed on the surface of copper in 0.5 M Na2SO4 media, 

according to the values of ∆G°
ads around -20 KJ.mol-1 [21]. 



7th International Student Symposium 

72 

www.internationalstudentsymposium.com/en/ 

4. Conclusion 

The study was directed towards the use of caffeine a natural product for the protection against 

corrosion of copper in sodium sulfate medium, by electrochemical, thermodynamic and surface 

analysis methods, The path followed during this work leads to the following main conclusions: 

Caffeine acts by blocking cathodic and anodic sites thus lowering partial reduction and 

oxidation currents, it can be considered as a mixed inhibitor with cathodic tendency. The density 

of the corrosion current decreases whatever the quantity of caffeine added, the lowest value of 

icorr recorded is measured at the optimum concentration of 10 mmol.L-1 of caffeine; representing 

a maximum inhibitory efficiency rate of 90%. SEM analyses confirmed the presence of a 

caffeine-based protective layer. The mechanism of adsorption of caffeine to the surface of 

copper was modeled following the isotherm of Frumkin.A calculation of 

Gibbs free energy of adsorption ΔGads confirmed the physical spontaneous adsorption 

of the caffeine on the copper surface. 
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Use of Yellow Mealworm and Black Soldier Fly in Poultry 

Production 
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Abstract 

The increasing population of human beings, changing dietary patterns, and increasing rivalry 

between food and feed production highlight the urgent need for the exploration of new 

sustainable food production chains. The poultry industry has been more popular with others, 

having superior environmental and economic benefits which require innovation and refinement 

along the value chain to increase further sustainability. To mitigate protein scarcity, new food 

sources of protein are being discovered. The yellow mealworm (Tenebrio Molitor) and black 

soldier fly (Hermetia illucens) have a tremendous potential to replace typical protein sources 

for poultry diets. One of the key features of these flies is that their larvae can transform low-

quality organic waste streams into a precious body mass with high protein and fat contents. 

Larvae, due to their bioactive substances and poultry instinct interests are claimed to have health 

and welfare-promoting benefits. They contain a high protein (yellow mealworm contains 47-

60%; Black solider fly contains 37-63%) and amino acid profile and are therefore regarded as 

a very sustainable source of protein to replace soy meal or fish meal. They are easy to breed 

and have no need for larger areas for their production. Their 10% supplementation demonstrated 

better growth performance, carcass characteristics, gut morphology, immunity, caecal 

microbiota, fatty acid profile, and digestion of amino acids in poultry than traditional animal 

proteins. They are sometimes deficient in some essential amino acids and calcium (depending 

on substrate composition), which can be supplemented in feed. In laying hens, supplementation 

of insect meal resulted in darker yolk color. In conclusion, yellow mealworm and black soldier 

fly can be used in the poultry diet as a partial replacement for soybean and fish meal without 

any negative influence on production parameters. In the future, there is a dire need to find an 

appropriate level of their supplementation according to the stage of production with optimal 
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production performance. 

Keywords: Yellow Mealworm, Black Soldier Fly, Alternative Protein Sources, Poultry 

Production. 

 

1. Introduction 

Several predictions suggest that by 2050 the world's population will reach more than 9 billion 

[1]. This population expansion demands almost double the present food output [2]. Alarmingly, 

the area utilized for food production globally steadily declines as a result of global warming 

[3]. The climatic change, the devastation of the environment, and industrial growth affect the 

production of food [4]. Given the growing scarcity of resources, numerous food alternatives 

were available as options offered with the most emphasis given to insects [5]. 

Insects are recognized institutionally and historically ingested in many places and have 

sufficient nutritional value for humans [6]. But the enormous growth in food production due to 

advances in technology has virtually removed insects from our meals [7]. The re-emergence of 

insects as a viable food category is due to their nutritional, environmental, and economic 

importance [8]. The enhanced inspection of foodstuffs is part of a comprehensive approach to 

global food safety [9]. Insects usually have a high protein content as compared to other 

traditional food categories and great production efficiency [10]. This feature is particularly 

important because of the projected rise in future protein demand, while food supply decreases 

[5]. Europe and the United States now have the fast-growing food insect business with a high 

meat intake trend [11]. It is also acknowledged that the insect industry is steadily increasing its 

worldwide market size by using food, the creation of materials and drugs [12]. 

Poultry meat production involves a large quantity of grain feed [13] including a huge 

proportion of soybean meal (SBM), the most used protein in the production of poultry. One 

difficulty is that in 2017/2018 over 98% of crude protein (CP) was produced by SBM, which 

was largely imported from South America for feed usage in the European Union (EU) [14, 15]. 

This shows the serious 'protein gap' in SBM manufacturing and demand and depicts those 

imports of high protein feed are very dependent on the EU. There have been considerable efforts 

to develop alternate and more sustainable sources of protein with little competition for feed. 

The interest in insects as food and feed has developed in this regard [9, 16]. Particular scientific 

research interest regarding the suitability of insects in poultry feed has been aroused in the EU 

[17]. Currently, only insect fat and live insects are permitted as feed for farmed animals, while 

non-hydrolyzed proteins are prohibited. Nevertheless, an exception was made in 2017, 
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authorizing the use of seven insect species as feedstuff for aquaculture in the EU [18]. However, 

insects may soon be used in pig feed and poultry feeds since a revised European Food Safety 

Authority risk profile is planned soon. This article aims to highlight the use of yellow mealworm 

and black soldier fly meal along with their oil as separate entities use in poultry diet as a 

substitute of conventional feed resources (soybean meal (SBM), fish meal (FM)), and its 

influences on performance, production quality, and meat characteristics. 

2. Black Soldier Fly 

Hermetia illucens (HI) may be recognized to have a nutritional constituency of about 2000 

edible insect species worldwide, as HI feed is metabolizable, apparently have the right energy 

content for poultry (Apparent metabolizable energy) with nitrogen (AMEn) and digestible 

amino acids (AAs). The nutrient value of HI, however, is strongly dependent on both the rearing 

substratum [19, 20] and the development of larvae during harvest [21]. However, HI larvae, 

coupled to a crude fat content of between 7 and 39%, had a high CP concentration range of 37 

to 63% in dry matter. As a result of increased fat concentration in poultry, processed insect 

products are more important to poultry nutrition, such as fat-reduced diets [22, 23]. Suggestions 

on the best inclusion rate in broiler feed of HI larvae meal still do not correspond to the 

recommendations of up to 15 to 50 percent of the diet [24, 25]. Higher doses of HI appear to 

adversely influence animal performance [26] and maybe similar in comparison with plant 

protein sources to high N as an amino acid in larvae [27]. Based on the above data, it would 

appear that low-rate HI larvae may be incorporated without difficulty in poultry diets. But to 

the best knowledge of the authors, there is restricted digestion of various larval diets, whose 

findings are rather incoherent. Furthermore, the digestive processes for HI larvae in poultry 

feeds are less characterized. As part of the gut's major activities, digestion and absorption are 

of special significance to animal health, either directly or indirectly [28] and the absorptive 

epithelium of the small intestine is particularly important for proper nutrient digestion and 

absorption [29]. Its villi-crypt association seeks to maximize the absorption of nutrients by 

optimizing the area of absorption [30]. Consequently, when HI larvae in diets increase, it 

predicted a link for their efficacy and intestinal morphology.  

Besides morphologic alterations in the epithelium of the gut, there may also be a variation in 

the microbial activity in the gut's nutritional value. Ceca, as previously well known, is the major 

site of microbial fermentation in poultry as it is 100–1000 times greater than ileal digesta, due 

to its high bacterial density [31]. Protein and carbohydrate fermentation create microbial 

metabolites. The protein fermentation microbial metabolites produced include amines, indoles, 

phenols, cresols, and ammonia and can have a detrimental influence, when present in high 
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quantities, on poultry development and performance [32]. Besides microbial and endogenous 

proteins, the ceca are also flowing resistant nitrogen-based proteins such as N, which is found 

in chitin. The amount of ileal undigested protein entering ceca is thus governed by the diatribe's 

ileal digestibility. The more digestibility it indicates, the less dietary protein is resistant to ceca 

and, as a consequence, the more bacterial fermentation is putrefactive [31]. It is therefore 

particularly important, to learn the nutritional-physiological backdrop of large meal digestive 

systems, examine cecal fermentation processes and compare apparent ileal digestibility (AID) 

data. 

3. Performance 

The HI larvae feed is the most commonly utilized one of the numerous insect species and also 

the extensively researched source of insect protein for poultry feeding [33]. In this first 

investigation, chickens have eaten a meal that contains dried HI larvae, (as a replacement for 

SBM), however, they only had 96 percent (significant) of weight growth compared to birds 

who are fed a control diet. Most research on broiler chickens and quails has shown that the 

growth performance of birds is not influenced by insect meal [34, 35, 36, 37], although broiler 

quails are reported to prefer diets, including HI larva meal [35], compared with a diet containing 

traditional protein sources. In a recent study of broiler chickens, Dabbou et al. [26] have found 

that including up to 10% of HI larva meal in partial SBM substitution improved final live weight 

(LW) and FI during the beginning of the trial, even though HI birds (especially those fed at a 

15% inclusion rate) had a deteriorating FCR during the growing and finishing phases (15%). In 

contrast, Barbary partridges (Alectoris barbara) have been used for dietary inclusions with 

greater LW and better FCR than the control group, with 100 g/kg HI larva meal, replacing 25 

and 50 percent of SBM, respectively [38].  

No substantial divergences were detected in the laying of hens as a partial or total substitute 

for diets comprising partially defeated HI larva meal from dried HI larvae [39]. In the laying 

hens, a diet supplemented with 1 or 5 percent HI larva meal, Al Qazzaz et al. [40] observed 

uninfluenced or enhanced development and productivity. Laying hens given diets in which the 

SBM has been entirely substituted by the HI larval meal have shown that the FCR is better than 

control birds, but the FI, mean egg mass, and egg mass are reduced [41]. The addition of 

defatted HI larva meals in maize–SBM diet pullet-fed (19-27 weeks of age) in the maize diet 

has been shown to boost FI and FCR to a maximum level of 7.5%. No changes in egg weight, 

FI, or FCR were found in HI-fed layers, whereas the egg weight and the laying percentage were 

influenced favorably by the least HI-larva diet [42]. Hens' diets with HI have also been observed 

to produce and weigh more than the ones being fed a control diet [43]. Widjastuti et al. [44] 
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observed the improved impact on FI, FCR, and egg weights with FM's replacement with HI 

meal in the diets of Japanese female quail, but egg production remains unchanged by the 

addition of insect meal diet. Recent work by Gariglio et al. [45] found no FI or FCR differences 

in the different feeding phases in broiler ducks, fed with up to 9% HI larva meal, as a 

replacement for gluten meal. 

No difference between control and two levels of BSF larvae (BSFL) feed on productivity, breast 

meat weight and yield has been observed for studies with broiler quails in Coturnix Japonica 

[35]. After BSFL supplementation, the sensory features and flavor perceptions, oxidative status, 

or composition of cholesterol have not been affected and have been improved in meat's amino 

acid content to enhance nutritional value (aspartic acid, glutamic acid, alanine, serine, tyrosine, 

and threonine). However, saturated and unsaturated fatty acids were less desirable [46]. In 

Gallus gallus domesticus, a BSFL addition was reported to minimize deleterious effects on fatty 

acid profiles utilizing a broiler hens' diet. In both cases, BSFL was identified as a viable chicken 

feed protein source [47] and authors concluded, "inclusion ensured good productive results, 

carcass features and overall quality of meat". The BSFL supplement (50%) or overall 

substitution of soybean cake in laying hen diets had no effects on the health or performance of 

hens and had little or no influence on the eggs themselves [39]. The BSFL is also very appealing 

to fowl; laying hens are looking for BSFL from feeders instead of eating wheat–soy diet 

supplied ad libitum [48]. Therefore, BSFL is a possible part as a substitute for poultry feed. It 

gives an additional protein, the benefit to enhance the use and recycling of BSFL on the dung 

of the same birds who consume it. 

4. Carcass Characteristics 

The carcass characteristics of broilers and quails have not been altered by the HI diet, and the 

addition of Tenebrio Molitor (TM) larva meals [35, 36, 37, 49, 50, 51]. The addition of up to 

10 percent of HI larvae meal, in part substituted of SBM, increased live and carcass weights for 

broiler chickens were shown by Schiavone et al. [24]. In the Barbary Partridge (Alectoris 

barbara) Loponte et al. [38] have found increased carcass weights as a partial replacement 

(25% or 50%) in HI and TM-based diets than in the control group. The broiler chicken studies 

[36, 49, 51, 52] had no significant color variations concerning broiler meat and fed a variety of 

HI and TM meal inclusions. In contrast, the HI larva diet influenced the meat colors of broiler 

and meat pigs, according to Cullere et al. [35], Schiavone et al. [24], and Pieterse et al. [51] 

respectively. The color of Barbaria partridge meat, given the HI and TM meals by Secci et al. 

[53] has not been affected but there has been an increase in the yellowish index of cooked meat. 

The chemical composition of broiler quails [46], cooked chicken [51], or barbary partridges 



7th International Student Symposium 

80 

www.internationalstudentsymposium.com/en/ 

[53] meat has not however been affected with dietary inclusion of HI and TM [54]. Schiavone 

et al. [24] noticed a gradual decrease in moisture content and rise in crude protein in breast meat 

of broilers fed 5, 10, and 15% of the HI larva meal diet. 

Regarding the influence of insect feed on the fatty acid profile of poultry meat, the higher 

saturated fatty acid (SFA) level of HI diet indicated, increased and declined SFA (mostly lauric 

acid, C12:0) and important polyunsaturated fatty acid (PUFA) (both n-3 and n-6) respectively 

[46]. In a similar respect, Schiavone et al. [24] have shown that the broiler chickens had greater 

SFA and monosaturated fatty acid (MUFA) and lower PUFA levels, those fed with varying 

amounts of HI larvae meal. The same results were obtained by Secci et al. [53], which found 

that Barbary partridges supplied 25 or 50% of HI and TM diets with a greater level of SFA, 

MUFA, and reduced PUFA. Feeding broiler, a diet with whole-fat TM meal led to an increase 

in C12:0 and C14:0, but the qualitative indices, such as the PUFA n6/n3 ratio or the indexes of 

atherogenicity and thrombogenicity, were not different [38]. There is little evidence of the 

influence of an insect-based diet on the sensory qualities of meat. In broiler quail [46] and 

chickens [37, 51], HI larva meals were provided, the sensory profile of the meat (smell, taste, 

aroma, texture, juiciness, and sensitivity) was unaltered. But, instead, Altmann et al. [52] found 

that broilers' breast meats given HI-meal diets had a stronger taste than declined with time. 

The broiler chickens fed with HI larvae resulted in breast meat with a greater metallic fragrance, 

aftertaste, and more maintained juiciness value in a research conducted by Pieterse et al. [51] 

than that fed soya bean and fish meal diets. Khan et al. [55] observed that different insect meal 

products have no effect on the flavor and taste of meat, but in the TM group, softness and 

juiciness have been greater than in the control and other diets. Al-Qazzaz et al. [40] noted that 

the texture, appearance, taste, and odor of hen-producing eggs have improved significantly 

compared to the basal diet with increasing levels of the HI larva in the feed. As for the impact 

of insect meals on quality characteristics of eggs, Mwaniki et al. [56] reported that the intensity 

of the color yolk, as well as the strength and thickness of the egg breaking, have grown, 

including up to 7.5 percent of de-fatted HI-larva in corn–SBM pullet diet (19 to 27 weeks old). 

The same findings have been obtained from Secci et al. [53] who has recently tested and 

reported a high proportion of yolk in eggs and a higher percentage of tocopherol, lutein, 

carotene, and total carotenoids in the eggs, as the effect of total replacement of SBM by HI 

larva in hen diets (Lohmann Brown Classic). The egg weight, shell weight, and thickness 

decrease along with the intensity of the yolk color in the free-range laying hens by feeding HI 

larva feed, shown by Ruhnke et al. [48]. Scarce research has been carried up to far to evaluate 

the influence of insect lipids on chicken diets. Schiavone et al. [47] observed no changes in 
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carcass properties and quality indices, but increased SFA, at the expense of the PUFA fractions, 

after feeding broiler diets containing 3.45 or 6.9 percent of HI fat in partial or entire substitution 

with soybean oil. 

In laying hens, yolk color increases as HI is being fed in their diet, which is due to the high 

proportion of tocopherol, carotene-like pigmenting molecules in the substrate of flies.  

5. Digestibility of Insect-Derived Products in Diets 

De Marco et al., [57] found equal apparent digestibility coefficients for the total tract (CTTAD) 

on DM, CP, and GE in the first published investigation on full-fat HI and TM digestibility in 

broiler chicks, whereas the EE was more digestible with HI meal than with TM meal (0.99 and 

0.88, respectively). In contrast, the study found AA apparent ileal digestibility coefficients 

(AIDC) were greater in TM (0.86) than in HI meals (0.68). The same authors were the first to 

provide data on HI and TM's apparent Metabolizable Energy (AMEn), which is important for 

broiler diets formulation (AME = 17,38 and 16,86 MJ/kg DM; AMEn = 16,60 and 16,02 MJ/kg 

DM, respectively). Manufacturers have started producing defatted larvae meals to ease and 

improve the use of insect meals in feed formulations. In reality, the defatted meal can be an 

ideal means of supplying high-protein and lipid or fat by-products that, in turn, have a large 

alternatives potential [58]. 

Following De Marco et al. [57], Schiavone et al. [47] gave fresh data on the partial and highly 

defatted HI larva (HIp and HIh) meal for broiler chicks, as a substitution of 250g/kg baseline 

diet, for CTTAD, AME, AMEn and AIDC. The EE and GE ADCs were found to be both greater 

in HIp (0.98 and 0.61, respectively for EE and GE) than in HIh (0.93 and 0.50, respectively). 

However, CP CTTAD has not been shown to have a substantial difference. They demonstrated 

furthermore that both the partial and the substantially defatted HI meals (77–80 percent for both 

HIp and HIh AIDC) and that AIDC is not in the overall process of de-fatting (excluding 

glutamic acid, proline, and serine) could be used by the animals. Moreover, the HIp meal 

showed greater AME and AMEn levels (16.25 and 14.87 MJ/kg DM, respectively) in the 

different defatting processes than the HIh meal (11.55 and 9.87 MJ/kg DM) [21]. De Marco et 

al. [57] and Schiavone et al. [57] hypothesized from a broad point of view that chitin can 

adversely impact protein digestibility and impair overall DM digestion. However, the authors 

have indicated that TM and partially or fully defatted HI meals, independent of the existence of 

chitin, are a great power source with a digestible AA profile for broiler chicks. 

Concerning the various defatting techniques used for the manufacture of insect meal, Uushona 

[34] was the first person to study the combined effects of heat and the defatting methods on HI 

digestion in broiler chickens. The author found that diets with reduced-fat in pre-pupa HI dried 
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at 65ᵒ C had greater CTTAD and AME nutrients than those with full fat pre-pupa HI dried at 

65ᵒ C. Cockcroft [59] has also been focusing on two distinct diets in defatted HI larva (namely 

dry rendered (DR) and extruded) and comparing its effects with those in full-fat HI and control 

diets. They found that CCTADs for CP, EE, ash, and crude fiber were greater for DR as 

compared with extruded HI. Cullere et al. [35] observed increased CTTAD of dietary inclusion 

EE supplied 15% (89.6%) of the defatted HI larva diet in developing broiler quails as compared 

with broilers fed 10% (82.5 percent) HI diet. In the study using HI, Woods et al. [60] recently 

reported a greater AME for larva-fed layer mash as compared with those fed an equal 

combination of layer mash and fish offal. The same layer mash and fish offal combination of 

quails demonstrated greater CTTAD for DM and OM. However, there were no substantial 

changes for DM, OM, or CP CTTAD. High amounts of TM meal (29,6%) have been observed 

to decrease the AIDC of DM and CP, OM [49] in the diets of broiler chickens. 

Bovera et al. [42] also found declines in the AIDC levels of DM, OM, and CP in HI-feed laying 

hens as the insect rate increases, especially when HI larva meal was added in their diets at 

14.6%, with negative effects being particularly apparent. Cutrignelli et al. [61] similarly 

received analog findings for laying hen-given diets with significant inclusion (17%) of HI 

larvae meal in terms of nutrient digestibility. Gariglio et al. [62] found that CTTAD of CP 

dropped over the starting phase in broiler ducks given 3, 6, and 9% of HI larva diet in the place 

of gluten meal and that the lowest CP level had been recorded with 9% HI inclusion. However, 

the EE CTTAD was enhanced during the grower and finisher phases, with increasing levels of 

HI inclusion. 

6. Mealworm 

Various scientific trials have demonstrated how yellow mealworms can be utilized as 

alternatives for protein in animal diets [16, 63, 64, 65, 66, 67]. Most insects are collected by 

conventional unsustainable ways from the wild [68]. Mealworms, however, do not need a huge 

area for manufacturing and marketing, simple to be reproduced. Mealworms lay an average of 

400-500 eggs, their incubation time is 4–34 days, and their eggs' hatching rate is around 70% 

[63]. In addition, the larva can be collected and given to hens in feed with other materials before 

turning into a pupa. There are several substrates for the rearing of mealworms. The most 

frequent substrate used in the production of mealworms is wheat bran [69]. In the climate-

controlled facility, the mealworms may be produced, regulated, and monitored by light, relative 

humidity, and temperature. Furthermore, mealworms have a nutritional value equivalent to that 

of soybean, which is an excellent source of amino acids, fatty acids, and micronutrients [64]. 

Mealworms are Coleoptera Tenebrionidae larval stage (darkling beetles). Mealworms are 
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detrimental to stored grains, yet in many countries, their larvae are frequently utilized as pet 

food. The TM is also located in food storage facilities and is a pest of meal and grain, according 

to Ramos- Elorduy et al. [70]. Its larvae, however, are full of protein. They are already made as 

feed to animals, for example, reptiles and birds on a commercial basis. Mealworms are cheap 

and easy to grow with fewer negative environmental impacts [71]. Convenient animal 

production is connected with harmful environmental impacts, such as global warming, 

biodiversity loss, and land damages [72]. Insects are poikilothermic and do not use energy to 

maintain a steady body temperature. This energy is instead invested in growth and development 

and so less food is needed to increase their bulkiness [73]. Mealworms create fewer greenhouse 

gas and use far less land than animal products like cows, pigs, and chickens [74].  

7. Carcass Characteristics and Protein Content 

In broiler chickens, TM diets fed at a 2 percent inclusion level, Ballitoc and Sun [65] also 

showed improvement in slaughter, eviscerated weights, and dressed carcass. Such an evaluation 

of the carcass characteristics of female broiler chickens was also conducted by Biasato et al. 

[75] and an increase of carcass weight, abdominal fat weight, and abdominal fat percentages 

were observed with an increased level of TM meal utilization (from 5 to 15 percent). The lipid 

content of broiler chickens may be affected by the TM-based diets if high TM larvae are added 

to their meals [65]. 

Mealworm meal (MWM) includes 25–60 percent high quantities of crude protein (CP) and 15–

40 percent fat. The CP has been shown to have 47% (DM) [76], 53.8% (DM) [77], 46.44% 

[78], 54.4% [50], 53% [55], 45.83% [79] and 51.9% [38, 75] with different latest figure. The 

MWM protein is rich in critical amino acids in particular and is greater or equivalent to 

soybeans and even higher than fishmeal on the essential amino acid index (EAAI). Fresh MWM 

was utilized in fish diets successfully [80] however fresh MWM for poultry diets was not 

documented. Additionally, live maggot feeding increased growth rates, clutch size, egg weight, 

and hatchability of free-range chickens [81], reducing stress in young chickens [82]. In recent 

research, the results of broiler chicken [55, 75, 79, 83, 84], Japanese quails, and barbarian 

partridge [38] were substantially enhanced in terms of growth, immune system, villus height, 

crypt depth, carcass, and meat quality. Insect meals in the diet of broiler chicks can improve the 

quality of meat due to the insect's functional ingredients [85]. In addition, diets with full-fat 

MWM can decrease the cluster of Bacteroides–Prevotella and Clostridium perfringens in 

broiler chicks [76]. 

Carcass characteristics of poultry fed TM notably influenced, indicates partial TM inclusion in 

poultry diet as an alternative source can be a solution to fulfill the future high demand of food.   
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8. Performance 

The introduction of TM meal into the broiler and free-range chicken diets, respectively, has 

been reported not to influence the growth performance of the animals [66, 70]. On the contrary, 

in female and male broiler chickens fed increasing levels of full-fat TM meal inclusion (50, 

100, and 150 g/kg) as partial replacement of SBM, corn gluten meal, and soybean oil, Biasato 

et al. [50, 75] showed an improvement in LW and FI, but the feed efficiency was observed to 

be partially impaired. The FCR of broiler chickens fed a corn-SBM-based diet in which TM 

larva meal was included at 29.65% as a total replacement of SBM was instead positively 

affected by dietary insect meal inclusion [67, 86]. Khan et al. [55] showed reduced feed 

consumption and FCR, as well as increased BWG, in broiler chickens fed diets in which TM 

larva meal was used to completely replace SBM. In the same context, Ballitoc and Sun [65] 

pointed out that an inclusion level of 10 g/kg TM in broiler chicken diets had a great impact on 

the growth performance of the animals, in terms of improved final LW, FI, and FCR. 

On the other hand, Kieronczyk et al. [87] in a first trial reported a decrease in FI and FCR, but 

no effect on BWG, when broilers were fed diets containing TM oil in substitution of soybean 

oil. Nevertheless, in a second trial, the same authors used TM and Zophobas morio oils and 

reported no effects on the performance parameters when considering the whole rearing period 

(28 days of trial), but with differences in BWG between treatments for intermediate periods 

(14–21 days and 21–28 days). Kieronczyk et al. [87] showed that TM addition had a positive 

effect on the PUFA, MUFA, and SFA contents. The authors observed that the AI and TI values 

in the breast of broiler chickens were both reduced by dietary TM oil inclusion. 

Growth performance of poultry fed TM positively influenced or remains unaffected, shows 

that TM inclusion in poultry diet as an alternative source can be a solution to gain optimal 

output. 

9. Conclusion 

It can be concluded from the above-discussed literature that black soldier fly (Hermetia 

illucens) and yellow mealworm (Tenebrio Molitor) can be an alternative source as partial 

replacement of conventional protein sources (soybean meal, fish meal, corn gluten meal) in the 

poultry diet. In laying hens, supplementation of insect meal resulted in darker yolk color. Insect 

meal influence on growth performance, carcass characteristics, fatty acid profile, and 

digestibility is discussed in the manuscript but data on ileal digestibility, immunity, cecal 

microbiota, and gut morphology is scarce. In the future there is a dire need to set optimal levels 

of insect meal required for maximum output from poultry, considering negative consequences 

of anti-nutritional metabolites coming from the infected substrate.  
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Deprem Sonrası Crush Sendromu: Olay Yerinden Hastaneye 

Hemşirelik Bakımı  

Jasmina Hoxha1 

Özet 

Türkiye’de deprem gerçeği ve oluşturabileceği sonuçlar son yıllarda sıklıkla tartışılmaktadır. 

Düzensiz kentleşme ve artan nüfustan dolayı depremlerin zararı artmıştır. Bu zararı azaltmak 

için depremlere yönelik transdisipliner bir yaklaşım gerekmektedir. Afet tıbbi, deprem gibi 

afetlerin yönetiminin ayrılmaz bir parçasıdır. Bu yaklaşım, afet öncesi sağlık personelinin “afet 

tıbbi eğitimi” alması, sağlık sisteminin afetin getireceği olası yükle başa çıkabilmesi için yeterli 

kapasitesinin olması, afet değerlendirme araçlarının geliştirilmesi; afet sırasında acil 

girişimlerin uygulanması ve afet sonrasında rehabilitasyon faaliyetlerin sürdürülmesi gibi 

adımlar içermektedir. Afet yönetiminin her aşamasının (afet öncesi, sırası ve sonrası) başarısı 

birbirine bağlıdır. Örneğin, tıbbi personelin önceden aldığı felaket eğitimi, afet sırasında 

vereceği acil yardımın daha kaliteli ve başarılı olması ve afetin olası komplikasyonlarını 

önlemek için uygulamaları bilmesine yönelik oldukça önemlidir. 

Crush/ezilme sendromu, depremden sonra en sık gelişen komplikasyonlardan biri olup, erken 

ve sıkı bir tedavi ile kontrol altında alınmadığı sürece ölümcül olabilir. Crush sendromu enkaz 

altında uzun süre sıkışıp kalan kişilerde gelişmektedir. Ezilmeden dolayı iskelet kası hücreleri 

zedelenmekte ve normal metabolik parametreleri değişmektedir. Bu durum akut böbrek 

yetmezliği, kardiyak arrest, akut respiratuar distress sendromu (ARDS) gibi vital organların 

ciddi komplikasyonlarına sebep olmaktadır. Enkaz altında olan her kişi crush sendromu gelişme 

riskini taşımaktadır. Bu nedenle ezilme sendromunun tedavisi enkaz altındayken 

başlatılmalıdır. Bu vakalarda en kısa zamanda potasyum içermeyen intravenöz sıvı verilmeli ve 

tedavi durdurulmadan hastanede devam etmelidir. Bazı vakalarda, cerrahi girişim 

gerektirmektedir. 

Bu çalışma, crush sendromu gelişen hastaların olay yerinden hastaneye tedavi ve bakımın 

yöntemlerini bir araya getirmek amacıyla, derleme makalesi olarak hazırlanmıştır. 

Anahtar Kelimeler: Crush Sendromu, Afet Yönetimi, Akut Böbrek Yetmezliği. 

                                                
1 Uludağ Üniversitesi Sağlık Bilimleri Enstitüsü Hemşirelik Bölümü Yüksek Lisans Öğrencisi. 
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1. Giriş 

Türkiye doğal afetler açısından riskli bir konumda bulunmaktadır [1]. Özellikle deprem olayları 

son yıllarda artış görmüştür. AFAD (Afet ve Acil Durum Yönetimi Başkanlığı) tarafından 

yayınlanan 2020 Yılı Deprem Aktivitesi raporuna göre, Türkiye’de deprem oranı bir önceki 

yıla göre %44 artış görmüştür. Aynı yıl mal ve can kaybına neden olan Elazığ (Mw 6.8) ve 

İzmir (Mw 6.6) depremleri, önceden alınması gereken önlem ve tedbirlerin önemini bir daha 

ortaya koydu [2]. Büyük hızla artan nüfus ve düzensiz kentleşme, depremlerin getirdiği zararın 

artmasına neden olmuştur. Deprem gibi afetlerin sebep olabilecek bütün zararları önlemek ve 

azaltmak için afet yönetimi geliştirilmiştir [3]. Afet yönetimi transdisipliner bir yaklaşım 

gerektirmektedir. Disiplinler arasında afet tıbbi yaklaşımı da yer almaktadır. Afet yönetiminin 

amacına ulaşılmak için alınan önlemler ve yapılan çalışmalar afet öncesi, afet sırası ve afet 

sonrası olmak üzere 3 aşamada uygulanmaktadır. Afet yönetimi sürecinin her aşamasının 

başarısı birbirine bağlıdır [4]. Örneğin, tıbbi personelin önceden aldığı felaket eğitimi, afet 

sırasında vereceği acil yardımın daha kaliteli ve başarılı olması ve afetin olası 

komplikasyonlarını önlemek için uygulamaları bilmesine yönelik oldukça önemlidir [5]. 

Yıkıcı depremler büyük ölçüde can kaybına sebep olmaktadır. Bu tarz depremlerde ilk ölüm 

nedeni vital organların penetran travmalarıdır. İkinci sıraya gelen ölüm sebebi ise, enkaz 

altından çıkarılan insanlarda gelişen ezilme sendromudur [6]. Ezilme sendromu crush sendromu 

olarak da adlandırılır. Uzun süre aynı pozisyonda sıkışıp kalan insanlar ezilmeye maruz 

kalmaktadır. Bu durum ilerleyen saatlerde böbrek yetmezliği gibi ciddi komplikasyonlara yol 

açmaktadır. Crush sendromu gelişme riskini taşıyan vakaları belirtmek, semptomları bilmek ve 

müdahale edebilmek konusunda sağlık personelinin afet öncesi aşamasında eğitim alması 

oldukça önemlidir [7]. 

2. Crush Sendromu 

Yıkıcı depremlerde enkaz altında kalan insanlar, uzun süre hareket etmeden aynı pozisyonda 

kaldıkları için, kaslarda ezilme oluşmaktadır. Bu durum kısa bır zaman içerisinde birbirini takip 

eden komplikasyonlara sebep olmaktadır. Bütün bu tablo ezilme/crush sendromu olarak 

adlandırılır [8]. 

2.1.  Crush Sendromunun Patofizyolojisi 

Crush sendromu, crush hasarından dolayı oluşmaktadır. Crush veya ezilme hasarı, enkaz altında 

baskıya maruz kalan özellikle iskelet kaslarında görülmektedir [9]. İskelet kasının hücreleri 

miyositlerdir. Bu hücrelerin membranı ise sarkolemadır. Kas zedelenmesinden sonra 
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miyositlerin uğradığı harabiyete rabdomiyoliz adı verilmektedir [10]. Rabdomiyoliz oluştuğu 

zaman sarkolemanın bütünlüğü bozulmakta ve hücrenin içinde olan potasyum, fosfat, 

miyoglobin ve sulfat kana geçerken, hücre dışından su, kalsyum ve sodyum hücre içine 

girmektedir. Bu, sıkıştırma kuvvetlerinin kaldırılmasıyla oluşan reperfüzyon sırasında 

gerçekleşmektedir [11]. Bu durumda hastada hipovolemi, hiperpotasemi, miyoglobinüri, 

hipokalsemi ve metabolik asidoz ortaya çıkmaktadır. Hızlı müdahale edilmediği zaman bu 

anormallikler vital organları tehdit eden komlikasyonlara yol açmaktadır. Bu 

komplikasyonlardan en sık görülen akut böbrek yetmezliğidir. Bazı vakalarda pulmoner ve 

kardiyovasküler komplikasyonları da görülmektedir [12]. 

2.2.  Renal Komplikasyonlar 

Crush sendromunda en sık oluşan ciddi komplikasyon akut böbrek yetmezliğidir (ABY) [13]. 

Akut böbrek yetmezliği, böbrek fonksyonlarının kısa bir zaman içerisinde sınırlanması ve 

vücutta üremik toksinlerin birikmesiyle sonuçlanan bir durumdur [14]. Patofizyolojisi henüz 

tamamen bilinmeyen bu komplikasyon, oluşma ihtimali olduğu her durumda aranmalıdır [15]. 

Bu komplikasyon crush sendromlu hastalarda çeşitli sebeplerden dolayı gelişmektedir. 

Genellikle ABY patojenezinde önemli rol oynayan iki sebep; hipovolemi ve böbrek dokusunda 

biriken miyoglobindir. Öncellikle kaslarda ödem gelişmesiyle birlikte ortaya çıkan hipovolemi, 

böbrek perfüzyonunu azaltmaktadır. Ayrıca hipovolemi renin-anjiyotensin sistemini aktive 

etmektedir; bu ise sempatik sinir sistemini aktive edip vazokonstriktör etkisi olan hormonların 

ve sitokinlerin salınımına neden olmaktadır. Açığa çıkan hormon ve sitokinler ABY’i 

arttırmaktadır [16]. Akut böbrek yetmezliğin bir diğer sebebi ise kaslardan dolaşıma çıkan 

miyoglobindir. Miyoglobin, toksik etkisini taşırken, aynı zamanda böbrek tübüllerinin 

tıkanmasına sepeb olmaktadır. Miyoglobinden çıkan demir iyonları ve hiperfosfatemi bu 

tabloyu daha da kötüleştirmektedir [17]. 

2.3.  Kardiyovasküler Komplikasyonlar 

Crush sendromunda kardiyovasküler patofiziyoloji farklı anormalliklerin (hipovolemi, şok, 

hiperkalemi, hipokalsemi, hiperfosfatemi ve asidoz) sonucudur. Hipovoleminin sistemik 

etkileri, elektrolitlerin doğrudan etkileri ve bunlara bağlı salınan toksinler kardiyotoksiktir. 

Araştırmalara göre hipovolemik şok ezilme yaralanmalarından sonra ilk 4 günde olan ölümlerin 

en yaygın sebebidir. Hipovolemi, ezilmiş kas tarafından büyük miktarlarda sıvı emildiğinde 

ortaya çıkabilir. Hipovolemi, ezilme sendromunun kardiyak instabilitesini güçlendirebilir. 

Ayrıca kardiyovasküler komplikasyonlar hiperkaleminin ve asidozun neden olduğu aritmilerle 
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ilişkilidirler. Hiperkalemiye bağlı olan komplikasyonlar, crush sendromlu vakaların ikinci ölüm 

sebebidir. Potasyumun en büyük miktarı iskelet kasında depolanır. Sarkolema hasarı sonucu 

hücrenin içinde olması gereken potasyum serbest bırakıldığında, böbrek fonksiyonu normal 

olursa da bu kadar büyük miktarda potasyumun idrar yoluyla atılması mümkün değildir. Aynı 

zamanda hiperfosfatemi disritmilere sebep olup, kardiyak arreste yol açmaktadır. 

Hipoperfüzyon ve elektrolit dengesizliği, hastanın enkazdan çıkarılmasından sonraki 1 saat 

içinde kardiyak arreste neden olabilir [18]. 

2.4.  Pulmoner Komplikasyonlar 

Pulmoner etkilerin çoğu, enkaz altında kalma olayı ile ilişkili travmaya ikincildir. Bu 

yaralanmalar hemen belli olmayabilir, ancak özellikle hastanın solunum durumu kötüleşirse, 

bu komplikasyonların potansiyeli düşünülmelidir. Olası komplikasyonlar; kaburga kırıkları, 

hemotoraks, pnömotoraks, travmatik asfiksi ve pulmoner kontüzyon olabilir. Pnömoni acil bir 

sorun değildir, ancak kurtarmadan birkaç gün sonra ortaya çıkması mümkündür. Pnömoni 

bazen kaburga kırıkların sonucu veya sepsis belirtisi olabilir. Akut respiratuar distress 

sendromunun (ARDS) gelişimi, crush sendromunda en ciddi pulmoner komplikasyonlardan 

biridir. ARDS’nin yaralı hücrelerden veya doğrudan travmadan inflamatuar medyatörlerin 

salınmasıyla tetiklendiğine inanılmaktadır [18]. Bir çalışmada gösterildiği gibi çok fazla 

transfüzyon, sepsis sendromu, oksijen toksisitesi, pnömoni, sürekli renal replasman tedavisi, 

kronik böbrek yetmezliği, hemodiyaliz, mekanik ventilasyon, böbrek yetmezliği, kan 

temizlemesi ve intravasküler pıhtılaşma ARDS'ye neden olabilir [19]. 

2.5.  Belirti ve Bulgular 

2.5.1. Klinik Bulgular 

Crush sendromlu hastaların klinik bulguları, crush hasarına bağlı lokal bulgular ve crush 

sendromuna ilişkin sistemik bulgular olarak ayrılır. Lokal bulguların en önemlisi kompartman 

sendromu ve ona eşlik eden diğer bütün semptomlardır [7]. Kompartman sendromu, 

mikrovasküler bozulma, miyonöral disfonksiyon ve ikincil doku hipoksisi ile sonuçlanan kapalı 

fasyal kompartmandaki interstisyel basıncın yükselmesidir. Perfüzyon basıncının 30 mmHg’yi 

aştığında ortaya çıkan kompresif hasar, bu kas gruplarında lokal şişme ve kanama ile 

sonuçlanmaktadır. Fasyal kompartmanın esnek olmamasının bir sonucu olarak, içe doğru şişme 

meydana gelir, bu da kan damarlarının, sinirlerin ve kas hücrelerinin sıkışmasına ve çökmesine 

neden olmaktadır [20]. Hipoksi devam ederse, hücreler nekroza uğrayacaktır. Kompartman 

sendromunun belirtileri olarak miyalji, şişme, solgunluk, parestezi, nabızsızlık ve bazen felç 
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görülmektedir [21]. 

Sistemik bulgular ise genellikle rabdomiyoliz sonucu olarak dolaşımda su ve elektrolit 

dengesizliğinden dolayı ortaya çıkmaktadır. Crush sendromlu vakalarda akut böbrek 

yetmezliği, oligüri, hipovolemik şok, ateş,  hipotansyon, kalp ve pulmoner yetmezliği 

görülmektedir [7]. 

2.5.2. Laboratuvar Bulguları 

Laboratuvar değerlendirilmesi, klinisyenin idrar miyoglobinini, serum kreatin fosfokinazını ve 

serum elektrolitlerini izlemesini gerektirir [18]. Kan tahlillerinin patolojik bulguları 

rabdomiyolize bağlı açığa çıkan maddelerin göstergesidir. Bu bulguların en önemlisi 

hiperkalemidir. Aynı zamanda hiperfosfatemi, hipokalsemi, hiperüremi, anemi ve serum 

kreatin fosfokinaz (CK) düzeyinde artış tespit edilmektedir. Serum CK pratik uygulamada 

rabdomiyolizin tipik bulgusudur. İdrar tahlilinde miyoglobinüri tespit edilmektedir. 

Miyoglobinüri sebebiyle idrar kirli-kahverengi görünmektedir [7]. 

Genellikle crush sendromunda şu bulgular görülebilir: kreatin kinaz >10.000 U/L, oligüri (idrar 

çıkışı <400 mL/24 saat), yüksek kan üre nitrojeni (>40 mg/dL), serum kreatinin (>2 mg/dL), 

ürik asit ( >8 mg/dL), potasyum (>6 mg/dL), fosfor (>8 mg/dL) ve serum kalsiyum (<8 mg/dL) 

[18]. 

3. Olay Yerinde İlk Yardım 

Deprem durumlarında, acil aramanın ve kurtarma operasyonlarının zamanlaması çok kritiktir. 

Deneyimler, altı saat sonra yapılan kurtarmaların hayatta kalma olasılığının düşük olduğunu 

göstermektedir. 1 saatten fazla süren kompresyonun ezilme sendromuyla sonuçlanması 

muhtemeldir, ancak aynı durum 20 dakika gibi kısa bir sürede görülmüştür. Bu sebeple enkaz 

altında olan her birey için crush sendromu gelişme olasılığı düşünülmelidir. 

3.1.  Enkaz Altında Olan Hastanın Yönetimi 

Günümüzde, enkaz altında olan hastanın birincil yönetimi, birleşik ve koordineli hasta tahliyesi 

ile erken sıvı tedavisidir. Ezilme sendromunun komplikasyonları çok erken ve intensif tedavi 

ile önlenebilir. Sıvı replasmanı bu tedavinin anahtar parçasıdır, çünkü ezilme sendromunun en 

ciddi komplikasyonu olan ABY’nin patojenezinde hipovolemi rol oynamaktadır. Hastane 

öncesi en önemli hedef, baskı kuvvetlerini ortadan kaldırmak ve en kısa sürede hastayı hidrate 

etmektir. Sıvı replasmanı, kurtarma tamamlanmadan önce olay yerinde başlamalıdır [18]. Bu 

aşamada bir ekstremiteye ulaşıldığı zaman izotonik salin yetişkinlerde saatte 1000 mL ve 
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çocuklarda saatte 15-20 mL/kg hızında verilmelidir. İki saat sonra bu miktar yarıya indiriliyor 

(Şekil 1). Akut böbrek yetmezliği gelişimine karşı profilaktik bir tedavi olarak intravenöz sıvı 

infüzyonu, özellikle izotonik salin solüsyonunun hızlı infüzyonu önerilmiştir. Hiperpotasemi 

tehlikesi bulunduğu için az miktarda olsa potasyum içeren solüsyonlardan kaçınılmalıdır 

(ringer gibi). Periferik venöz erişim mümkün olmadığında, intraosseöz infüzyon veya 

hipodermokliz (deri altı infüzyon) düşünülmelidir (1mL/dk). Sıkıştırma altındaki kasın serbest 

bırakılmasından sonraki 10 saat içinde agresif sıvı infüzyonunun başlamasıyla böbrek 

yetmezliğinin başarıyla önlendiği bildirilmiştir [19]. 

Bazı araştırmacılar reperfüzyonu ve böylelikle crush sendromu ertelemek amacıyla olay 

yerinde turnike kullanımı tavsiye etmektedir [22]. Ancak böyle bir girişim hastayı diğer 

komplikasyonlara maruz bırakmaktadır (örn. palsi, miyonekroz, tromboz, sertlik, apse, 

abrazyon ve kontüzyonlar.) Ayrıca turnike açıldıktan sonra hasta artmış miyoglobinüri ve ABY 

riskine maruz kalmaktadır. Bu nedenle, özellikle ekstremiteyi kurtarma olasılığı varsa, ezilme 

sendromunu önlemek için turnike uygulanmamalıdır. Doğrudan basınç veya diğer hemostatik 

önlemlerle kanamayı kontrol edememe durumunda turnike yalnızca son çare olarak 

kullanılmaktadır [23]. 

3.2.  Enkazdan Çıkarılan Hastanın Erken Yönetimi 

Kurtarma işleminden hemen sonra hayati belirtileri kontrol edilmekte ve gereken tıbbi 

müdahalelerin kapsamını ve türünü belirlemek için birincil bir muayene yapılmaktadır. Tedavi 

için öncelliği kimin alması gerektiğini ve hayatta kalma potansiyeli düşük olanları belirlemek 

için triyaj yapılmaktadır. Birincil muayene, A.B.C.D.E. (havayolu, solunum, dolaşım, bilinç 

durumu, dışarıdan kontrol etme) yaklaşımına dayanan iyi kurulmuş bir protokole göre 

yapılmaktadır [24]. Daha sonra, mümkün olan en kısa sürede ikincil bir muayene aracılığıyla 

her bir hasta için genel travma tabloyu değerlendirilmelidir. Küçük yaralanmalardan sonra da 

ezilme sendromu ortaya çıkabilir; böylece enkazdan çıkarılan her hasta risk altında 

sayılmaktadır. Hafif yaralanmaları olan ve başlangıçta ezilme belirtileri göstermeyen hastalar 

bile, ezilme sendromunun geç belirtileri (azalmış idrar çıkışı, koyu renkli idrar, üremi belirti ve 

semptomları) açısından izlenmelidir [25]. 

Hasta enkazdan çıkarıldıktan hemen sonra gerekli sıvı hacmini belirlemek için hidrasyon 

durumu değerlendirilmektedir. Kurtarmadan önce intravenöz sıvı verilmemişse, kurtarmadan 

sonra mümkün olan en kısa sürede yetişkinler için 1000 mL/saat hızında (çocuklar için 15–20 

mL/kg/saat) intravenöz izotonik salin başlatılmaktadır. Hasta, altı saatlik bir süre boyunca 
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düzenli olarak kontrol edilmeli ve bu süreçte 3-6 L sıvı verilmelidir. Amaç, idrar hacmini 50 

mL/saatin üzerinde tutmaktır. Sıvıların hacmi, demografik özellikler, tıbbi belirti ve 

semptomlar, çevresel ve lojistik faktörler dikkate alınarak kişiselleştirilmelidir. Bunun için idrar 

hacmi ve hemodinamik durum değerlendirilmektedir. Mümkün olan en kısa zamanda mesane 

sondası takılmaktadır. İdrar çıkışı olmayan hastalarda hipovolemi düzeltildiği zaman sıvı 

yüklenmesinden kaçınmak için verilen sıvıların hacmi azaltılmaktadır (Şekil 2) [26]. Yıllardır 

hastane öncesi idrar alkalizasyonu için bikarbonat ve böbrek hasarını önlemek için mannitol 

yaygın olarak kullanılmıştır. Ancak bu iki tedavinin bir sürü kontrendikasyonları olduğu için 

araştırmacılar tarafından desteklenmemektedir [27]. 

 

Şekil 1: Afetlerde Mahsur Kalan Hastalar İçin Kurtarma Öncesi ve Kurtarma Sırasında 

Yetişkinlerde Sıvı Uygulama Protokolü [26]. 
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Şekil 2: Enkazdan Çıkarılan Hastalarda Kurtarmadan Hemen Sonra Ezilmeye Bağlı ABY'yi 

Önlemek İçin Sıvı Resüsitasyon Algoritması. Kısaltmalar: IV, İntravenöz; L, litre [26]. 

Bu aşamada hava yolu tıkanıklığı, solunum sıkıntısı, ağrı, hipotansiyon, hipertansiyon, 

miyokardiyal iskemi ve enfarktüs, kalp yetmezliği, kırıklar ve kontamine yaralar gibi ABY ile 

ilgili olan veya olmayan ek sorunlar tedavi edilmektedir [26]. Aynı zamanda bu aşamada tıbbi 

kayıtlar çok önemlidir, eksiksiz doldurulmalı ve nakil sırasında hasta ile birlikte gönderilmelidir 

[18]. 

4. Hastanede Bakım 

Ölüm oranını azaltmak için hastalar, yaralanmanın ciddiyetine ve hastaların tıbbi durumuna 

göre renkli kodlarla triyaj edilmektedir: 

 Kırmızı bölge; yaşamı tehdit eden ancak potansiyel olarak iyileştirilebilen durumlar için 

ayrılmıştır. 

 Sarı bölge; geciktirilebilir acil sorunlar için belirlenmiştir. 

 Yeşil bölge, hafif yaralanmaları olan ve yürüyebilen hastalar içindir. 

 Gri bölge; terminal hastaların gözlendiği bölgedir. 

 Siyah bölge; varışta ölmüş hastalar için ayrılmıştır. 

Triyaj saatlik aralıklarla tekrarlanmaktadır ve hastalar değişen klinik durumla birlikte uygun 

triyaj bölgesine sevk edilmektedir. 
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“Advanced Trauma Life Support” (ATLS)’ye göre hastanede yeniden birincil bir muayene 

yapılmaktadır ve şok, asfiksi, kanama gibi acil durumlar tedavi edilmektedir. Aynı zamanda 

acil EKG çekilir, laboratuvar incelemeleri için hastadan kan örneği alınır ve sıvı durumunu 

değerlendirmek için fizik muayene yapılmaktadır [26]. 

Susuzluk, mukozal membranların kuruması, kapiller dolum süresinin bozulması, alın ve 

sternum üzerinde cilt turgorunun azalması, kalp hızının artması, kan basıncının düşmesi ve 

ortostatik hipotansiyon gibi semptomlar hipovolemi varlığını göstermekte ve böbrekleri tehdit 

eden bu durum hemen tedavi edilmesi gerekmektedir [28]. Sıvı tedavisi devam edilmelidir; 

kişisel sıvı hacmine göre Şekil 2’deki algoritmada belirtilen genel prensipler aynı şekilde 

izlenmektedir. 

Bu aşamada da potasyum içeren sıvılardan kesinlikle kaçınılmalıdır. Serum potasyum 

seviyeleri mümkün olan en kısa sürede belirlenmelidir. Laboratuvar olanaklarının bulunmadığı 

veya laboratuvar test performansının gecikeceği durumlarda, bir bakım noktası cihazı (örn. 

iSTAT) kullanılır veya hiperkalemiyi saptamak için elektrokardiyogramdan faydalanmaktadır. 

Hiperkalemi acil bir durum olduğu için hemen tedavi edilmekte ve acil önlemler alınmaktadır. 

Ardından ikinci basamak müdahaleler edilmektedir. Acil önlemler arasında intravenöz 

kalsiyum glukonat, glukoz-insülin ve b-2 agonistleri yer almaktadır. Diyaliz yöntemleri ise 

ikinci basamak önlemlerdir. Hiperkalemi tedavisinin amacı miyokardı korumaktır. 

Üretral kanama ve/veya yırtılma olmadıkça, idrar akışını takip etmek için tüm hastalara mesane 

kateteri takılmaktadır. Hasta oligoanürik ABY oluşturduğunda veya normal böbrek 

fonksiyonunu geri kazandığında kateter çıkarılmaktadır. Genellikle aksini gerektiren bir durum 

olmadıkça, enfeksyonu önlemek amacıyla idrar kateteri 48 saatten fazla bırakılmaması 

gerekmektedir. 

Miyoglobinüriyi tespit etmek için dipstik testi ile idrar tahlili yapılmaktadır. Rutin dipstik testi 

ve idrarın mikroskopik analizi ABY'nin nedenini belirlemede yardımcı olmaktadır. Eritrosit 

bulunmaksızın kan için pozitif olan bir dipstik reaksiyonunu, miyoglobinüri veya 

hemoglobinüri tarafından indüklenen ABY için tipiktir. Oligürik hastalarda aşırı sıvı hacmi 

varsa, sıvı uygulaması kısıtlanmaktadir ve bireysel ihtiyaçlara bağlı olarak diyalizli veya 

diyalizsiz ultrafiltrasyon başlatılmaktadır. Hemodiyaliz hem medikal hem lojistik bakımdan en 

verimli ve en uygun diyaliz yöntemidir. 

Asidoz, alkaloz, semptomatik hipokalsemi ve enfeksiyonlar gibi eşlik eden acil durumlar tedavi 

edilmektedir [26]. Sodyum bikarbonat sadece sistemik asidozun düzeltilmesi için gerekliyse 
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uygulanmalıdır [29]. 

5. Cerrahi Müdahale 

Bazen ezilme sendromlu hastaların yönetiminde cerrahi girişimler de gerekmektedir. En yaygın 

olan cerrahi girişmler fasyotomi, amputasyon ve debritmandır. Açık yaralarda nekroz veya 

önemli enfeksiyon varlığında antibiyotiklere ek olarak cerrahi debridman tavsiye edilmektedir 

[26]. 

Ezilme hastalarında doku nekrozu, miyoglobin ve potasyum salınımıyla, enfeksiyonla, sepsis 

ve nihayetinde ölümle sonuçlanır. Ampütasyonlar, nekrotik dokuyu temizleyerek bu 

komplikasyonları önleyebilir; bu nedenle bazı afetlerde tüm ezilme hastaların %59'una 

kadarında amputasyon uygulanmıştır [30]. Bununla birlikte, ampütasyonlar ezilme sendromunu 

önlemek için yapılmamalı, bunun yerine yalnızca yaşamı tehdit eden sepsis veya sistemik 

inflamatuar yanıt sendromu nedeniyle kurtarılamayan bir ekstremite gibi açıkça endike 

olduğunda yapılmalıdır [31]. 

Fasyotomi, kompartman içi basıncı azaltmada ve kompartman sendromunu tedavi etmede 

etkilidir, ancak sıklıkla diğer komplikasyonlara yol açmaktadır. Rabdomiyolizin kötüleşmesini 

ve akut böbrek yetmezliğini önlerken, enfeksyona, sepsise, ampütasyona, hastanın 

hemodinamik durumunun kötüleşmesine ve uzun süreli ciddi duyusal ve motor rahatsızlıklara 

neden olmaktadır. Bu sebeple, birçok yazar tarafından fasyotomi rutin bir tedavi olarak 

önerilmemektedir. Kompartman içi basınç ölçümü, fasyotomi yapma kararını destekleyen tek 

objektif kriterdir. Basınç 30 mmHg'yi aştığında ve 6 saat içinde azalma eğilimi göstermediğinde 

acilen cerrahi fasyotomi yapılmalıdır [26]. 

6. Hemşirelik Bakımı 

Hemşireler deprem gibi afetlerde görev alan sağlık ekibinin bir parçasıdır. Hemşire, crush 

sendromunun erken tanılanmasında ve hasta bakımında önemli rol oynamaktadır. Felaket 

yerinde olan dinamiğin takip edilmesinde, komplikasyonların önlemesinde, crush sendromunun 

semptomlarını bilmesinde ve acil müdahaleleri yapmasında hemşirenin önemli sorumlulukları 

vardır [32]. Hastanede hemşirelik bakımının unsurları şu şekildedir: 

 Hastaya kendini tanıtmak ve her girişim için hastadan veya ailesinden izin almak. 

 Hastanın kişisel bilgilerini toplamak ve kayıt etmek. 

 Acil durumları tespit edebilmek ve müdahale etmek. 

 Hastanın bilinç durumunu ve yaşam bulgularını sık sık kontrol etmek ve her değişiklik 
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hekime bildirmek. 

 Hastanın mücevheratları, protezleri, sıkıştıran kıyafetleri çıkarmak. 

 EKG yapmak, kan örneği almak, kateter takmak gibi ilk girişimlerde bulunmak. 

 Laboratuvar sonuçları ve idrar bulguları takip etmek. 

 Hastanın böbrek fonksyonlarını kontrol etmek. 

 Hastanın pozisyonunu sık sık değiştirmek ve ezilen kasın vaskülarizasyonunu 

sağlamak. 

 Hastanın aktivite toleransını takip ederek aktif ve pasif egzersizleri yaptırmak ve erken 

rehabilitasyona teşvik etmek. 

 Hastanın aldığı çıkardığı takibi yapmak, ödem izlemi yapmak ve cilt bakımı yapmak. 

 Hastanın beslenmesine ve diyetine dikkat etmek, potasyumdan ve fosfattan fakir, 

karbonhidrat ile zengin diyet uygulamak. 

 Enfeksyonu önlemek, yara bakımı yapmak ve kateterleri belli aralıklarla değiştirmek. 

 Ağrıyı değerlendirmek. 

 Hastanın bulunduğu ortamda (oda, ameliyathane) hipotermiden kaçınmak. 

 Hastanın ağız bakımı gibi kişisel bakımına dikkat etmek. 

 Hastanın anksiyete durumunu değerlendirmek ve azaltmak. 

 Taburcu olmadan önce hastayı ve ailesini evde devam edilmesi gereken bakımdan 

bilgilendirmek [33] [34]. 

7. Sonuç 

 Ezilme sendromunun yönetimi, sağlık personelinin yüksek bir uyanıklığını 

gerektirmektedir. Olay yerindeki tedavi, kurtarma koşullarıyla sınırlı olabilir ve bu nedenle ilk 

yardımın yetersiz olduğu ortaya çıkabilir. Sahada temas anından ve acil servisten yoğun bakım 

ortamına kadar mortalite ve morbiditeyi azaltmak için genel olarak agresif tedavi gereklidir. 

Rabdomiyolizin akut fazındaki tedavi, renal, kardiyak ve pulmoner komplikasyonları önlemek 

için yeterli dolaşım hacmini ve yeterli diürezi korumaktan oluşmaktadır. 

 Deprem açısından riskli olan bölgelerdeki tıbbi personeli sürekli “afet tıbbi eğitimi” 

almalıdır. 
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 En deneyimli personel, daha karmaşık durumları olan hastaların beklendiği durumlarda, 

genellikle bir afetten sonraki ilk günlerde görevde olacak şekilde planlanmalıdır. 

 Ezilme sendromu birçok organ ve sistemi etkileyebileceğinden, çeşitli uzmanlıklardan 

sağlık profesyoneller her bir permütasyona yanıt verecek şekilde eğitilmelidir. 

 Gelişmiş lojistik planlama ve tıbbi müdahalelerin yerel ve uluslararası koordinasyonu, 

bir doğal afete etkin bir müdahale için hayati öneme sahiptir. Bu nedenle afetlerin hazırlık 

aşaması, hastaları en uygun sağlık tesislerine nakletmek, sınırlı tıbbi personel ve kaynakları 

etkin bir şekilde yönetmek ve ek personel ve tıbbi malzeme elde etmek için gerçekçi taleplerde 

bulunmak için lojistik planları içermelidir. 

 Ezilme sendromunun geleneksel tedavileri henüz klinik ihtiyaçları karşılamamıştır. 

Etkili ve kullanışlı yeni tedaviler geliştirmek gereklidir. Crush sendromunun patofizyolojik 

mekanizmaları nedeniyle, deneysel araştırmalarda yeni antioksidan ve antienflamatuar 

tedavilerin etkinliği gösterilmiştir. Bu açıdan yeni araştırmalar yapılması gerekmektedir. 
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The Use of Geographic Information System (GIS) Tools for 

Sustainable Development, Jordan Adventure Tourism  

 Khawla Kloub1, Maysa AlHajahjah2, Tala Majdalawiyeh3 

Abstract 

in recent years, there has been considerable growth in adventure tourism groups in Jordan; 

however, planning, cooperation   and examination resources to regulate adventure tourism 

groups limited, A spatial suitability. evaluation system for adventure tourism was developed 

via the integration  between geographic information system(GIS) , remote sensing and 

photogrammetry ; The evaluation system parameters included resource conditions, difficulty 

levels, safety conditions, and ecological sensitivity that Represented as geographical and 

topographic maps, This map is excellent for determining terrain, elevation change, places where 

you will be challenged, as well as helping you locate road crossings and other points of 

reference. in conclusion each parameter contained several indicators that can be quantified and 

visualized in ArcGIS, can reversed as dynamic trail maps and interactive interior maps. 

 Keywords: GIS, Trail Maps, Evaluation System, Adventure Tourism, Safety. 

 

1. Introduction 

Adventure sports and natural forms exploration activities have thrived in Jordan in the recent 

years as hundreds of trips were organized to places where people can explore nature, do hiking, 

climbing, camping and many other adventure themed activities in the wild.  

With this sort of sports being new at some level for Jordan, many challenges have raised 

themselves to the surface, as the lack of safety measures, planning, infrastructure to support this 

kind of tourism, trained personnel to handle the trips and activities, and most importantly, 

integrated cooperation between different agencies related as the tourism governmental 
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institutions, the local guides, the tourism companies, the engineers and mapping experts, the 

hostels and eco camps owners and other safety agencies such as the civil defense department.  

In 2019 there has been a painful incident where over 20 school students and personnel were 

lost, as they got stuck in a rain storm in one of the adventure themed locations. They were 

having a field trip to a location that is known by the locals for being a low altitude site where 

rain water gets collected during the storms, however, due to the lack of coordination and 

sufficient information about the site, those people lost their lives after having a very hard and 

painful experience that could have been avoided if they had better information before going 

there.  

This incident made the key players in this tourism form, pay attention to more details as creating 

clear, informative and useful maps that can guide the explorers in their adventures towards the 

safest, yet most amazing trails all across Jordan. From there Jordan Trail association cooperated 

with the Royal Jordanian Geographic Centre to create Jordan Trail map, that covers the 

adventure trails from Irbid in the north to Aqaba in the South.  

Maps have always proven themselves of giving valuable information linked to spatial location 

of everything, from defining the political borders of countries to creating tracking systems for 

highly sensitive procedures as plains, satellites and other services. And also, maps always 

played a key role on sustainable development by providing a variety of options and methods to 

display, classify and present the information.  

In [2] they discussed the fact that, the mapping and visualization of topographic setting is 

paramount for the understanding and management of the physical environment. Based on this, 

sophisticated method that produces accurate result must be adopted to ensure that the right 

decision is made during planning. GIS technique has proved itself to be a force for sustainable 

development that is why researchers worldwide frequently apply its procedures in their 

investigations. The application of GIS in landscape mapping and visualization has increased 

the confidence ascribed to contemporary cartographic output. However, the primary objective 

of this paper is to demonstrate how GIS method can be used to simulate topographical data by 

applying various cartographic techniques in Edo State. DEM-based topographic data of the 

study region was entered into various GIS software and algorithms for manipulation and 

extraction of terrain features. Progressively, vital topographic features were automatically 

extracted and generated, these were used to build a GIS-assisted topographical database 

consisting of such physical features as the stream network of the region, stream catchment, 
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contour and spot height, slope and relief direction etc. From this database, suspicious landscape 

structure was identified in the region. These digital derivatives are essential for the 

understanding of the region’s landscape for the purpose of further investigation, planning and 

policy making. 

Moreover, in the publication made by University of Arkansas, Department of Agriculture they 

discussed details related to the mapping trails creation and management in details, as below. 

Nature trails are popular for wildlife viewing, walking, hiking, horseback riding, bike riding 

and other outdoor activities. Land managers often design and maintain trails in expansive public 

use areas. There is increasing interest from home owners, business owners, wildlife enterprise 

entrepreneurs, school teachers, boy scouts, hospital personnel, parks department staff and others 

to develop and maintain nature trails on smaller landholdings. The purpose of this publication 

is to provide an introduction to trail design for those who intend to develop trails for nature 

walking, hiking, horseback riding or ATVs on less than 40 acres. Some technical aspects are 

presented for those planning to expend resources for constructing trails such as around 

schoolyards or community facilities or as part of a wildlife enterprise. Many trails design and 

maintenance features are the same regardless of property size. With proper planning and 

construction, nature trails can be designed to minimize human disturbance and impacts on 

wildlife, plants, soils and waterways. A well-designed trail can aid in land management, such 

as through simplifying timber evaluations or creating fire breaks. Properly built trails also 

provide opportunities to teach youngsters about wildlife, forestry and natural resources. [4] 

“A trail map is used to aid in navigation and symbolizes natural and human-made features on 

a landscape. A good trail map ensures that visitors are safe and informed and can increase 

public awareness and use of a recreation area or open space. This project template will provide 

guidance for carrying out a CTP trail mapping project”. [5] 

On their paper published by the Arctic Institute of North America, they stated that: The 

combined use of a GPS receiver and mapping software proved to be a straightforward, flexible, 

and inexpensive way of mapping and displaying (in digital or paper format) 400 place names 

and 37 trails used by Inuit of Igloolik, in the Eastern Canadian Arctic. The geographic 

coordinates of some of the places named had been collected in a previous toponymy project. 

Experienced hunters suggested the names of additional places, and these coordinates were 

added on location, using a GPS receiver. The database of place names thus created is now 

available to the community at the Igloolik Research Centre. The trails (most of them traditional, 
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well-traveled routes used in Igloolik for generations) were mainly mapped while traveling, 

using the track function of a portable GPS unit. Other trails were drawn by experienced hunters, 

either on paper maps or electronically using Fungai mapping software. The methods employed 

in this project are easy to use, making them helpful to local communities involved in toponymy 

and other mapping projects. The geographic data obtained with this method can be exported 

easily into text files for use with GIS software if further manipulation and analysis of the data 

are required. [1] 

Though a journal article published on Springers Journal, the use of GIS-based support of 

recreational trail planning by local governments was studied and concluded as below.: in the 

last decade, multiple GIS-based planning support systems have been developed in order to 

improve the basis for spatial planning. Recent research has focused on problems regarding a 

lack of utilization or barriers to the use of advanced GIS and GIS-based planning support 

systems in planning applications. This paper discusses these research findings in the context of 

outdoor recreational planning by local governments in Denmark. According to a national survey 

of municipal planners, GIS-based planning support is widely used in Denmark, but more GIS 

is needed and is being requested for local outdoor recreation planning. However, considerable 

differences exist between the ways municipalities assess their need for and use of GIS planning 

support. These differences are explored in more detail using a factor analysis of planning 

variables and uses of GIS. Three situations are described: 1) extensive network-based 

collaborative planning associated with extensive GIS use; 2) experienced and older planners 

who are laggards regarding the use of advanced GIS-based planning support; and finally, 3) an 

envisioned need and demand for more GIS which are mainly realized through a GIS department 

in the municipality. These findings contribute to the development and implementation of spatial 

decision support systems and planning support systems in recreation planning. 

Recommendations are provided regarding the future of GIS use in local government planning. 

[6] 

On a project template handled by the university of Connecticut they stated that: Trail maps can 

be created using both traditional and modern mapping techniques. Maps can be produced in 

formats that range from paper PDFs to interactive mobile applications that can be used with 

GPS navigation on the trail. Trail maps give the reader a graphic representation of the 

environment and serve a number of purposes. They can increase awareness of public and private 

lands, providing an important tool for those utilizing the property for recreation, planning or 

monitoring. They can also serve to increase public safety as well as improve the integrity of the 
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landscape for plants and wildlife by providing information about designated recreation areas as 

well as areas that may be inaccessible or closed to the public. [5] 

2. The Study Area 

The Jordan Trail is a long-distance hiking trail in Jordan connecting the length of Jordan from 

Um Qais in the north to Aqaba in the south. Offering 40 days of hiking over more than 675 

kilometers of trail, and traveling through 75 villages and towns on its way. The trail traverses 

the diverse landscapes and vistas of the country, from the rolling wooded hills of the north, 

the rugged wadis, and cliffs overlooking the Jordan Rift Valley, the rose rock of Petra, the 

dramatic sands and towering mountains in Wadi Rum, to the crystal waters of the Red Sea. 

As you walk the Jordan Trail, it becomes a journey through the history of Jordan and an 

encounter with its diverse culture. Traveling the length of the country enables a chance to peel 

through the different layers of culture, to taste the varied cuisines of Jordan, encounter locals 

while walking, and spending your nights in their home-stays. It is also an opportunity to learn 

the history of Jordan, the different civilizations who have made their marks on the land. The 

trail moves through major historical sites in the region such as Um Qais, Jerash, and Petra, 

while also harboring hidden ruins resting amongst the land. [3] 
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Figure 1. Jordan Trail Map Showing the Whole Trail from North to South. 

3. Objectives of the Study 

Based on the previous events, the current situation and the knowledge from the previous work 

conducted regarding trail maps and the use of GIS photogrammetry and field collected geo-

information, this study aims to show the use of these tools to create the Jordan trail map. This 

map contributes on the integration and cooperation of different agencies work to make 

adventure tourism safer, more organized and sustainable to help protecting the adventurers and 

contribute on the economic growth of adventure Jordanian tourism.  

4. Methodology 

The work starts by collecting all kinds of data in its different forms and shapes to 
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build a GIS. The collected data needed to be divided into two main types: spatial and attribute 

data. 

1. The Spatial Data is related to the space and its position on the surface of the earth 

such as: 

 digital aerial photographs with 10cm resolution. 

 satellites imagery with 1- 2.5 m resolution  

 digital pictures, scanned maps and plans. 

 continuous data represents phenomena elevation, slope digital elevation model (DEM 

1-5 m resolution) 

 Ground Control Points (GPS Points) of Bath Trail point from Um_qais to Aqaba by 

Stockholder 

 

 

 

 

 

Figure 2. Raster Data Sources 

(A – aerial photograph, B - satellite imagery, C - DEM, D – scanned topography maps and 

plans, E - conversion and analysis tools e.g., vector to raster, interpolation) 
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Figure 3. Spatial Database 

2. Attribute Data: This is available and collected to the integrated planning of attraction (i.e., 

natural, cultural, manmade), service (e.g., accommodation, restaurants, hotel, hospital, 

pharmacy, camp, homestay, shops, visitor information, tour and travel operations, money 

exchange, medical facilities, postal services, churches, mosques, etc.), and transportation 

facilities (i.e., both material infrastructure and transportation services 

 

 

Table 1. Layers and 

Attributes. 

spatial data collecting and 

processing, as all locations 

and their interrelations 

should be defined and 

analyzed within a spatial 

context. For this purpose, 

GIS can describe and identify 

tourism infrastructure 

elements geometrically, 

thematically and 

topologically. Moreover, GIS 

can deal with both object data (e.g., visitor centers, trails) as well as field data (e.g., humidity, 

altitude) of which both types can be represented in either grid or vector data format. 

Name of Layer  Attributes  

Trail path  Name  

Road  ID, Type, Name, Code 

Contour ID, Type, Code 

Hydro line (underground pumping 

station, water canel, perennial wadi. 

seasonal wadi) 

ID, Name, Type, Code 

Lake  ID, Name  

Railway  ID, Name  

Boundary of District  ID, Name, Area, Code 

Land cover ID, Type, Code 

Hotel  ID, Name, Category, 

Number of Rooms, Property  

Resting house  ID, Name  

Land mark  ID, Name, Property  
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Using ArcGIS 10.6 software. Figure 4, presents the flow chart of the methodology of 

processing. The spatial, attribute data, maps and images were processed as follows; see Fig.5. 

 

 

Figure 4. The Flowchart Diagram 

 Defining the coordinate system and the Ellipsoid. GPS reference points were taken in 

trail path. 

 Scanning of the maps and the satellite image to convert them into digital format in order 

to initiate the Registration of these maps according ground control point. 

 Registering the tourist maps and satellite images to define the coordinate system of the 

image or the photo, using the adjusted coordinates of the defined control points, which 

already exist on the image or the map. 

 Digitizing the maps and the image to convert the features into digital format in order to 

build layers. 
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 Building Geospatial database (Attribute Data) to give more information about features 

in a tabular form to allow analysis with clear presentation and real interaction with the 

needed information. Attribute data such as information about hotels (rank, cost, number 

of rooms, restaurants), roads (width, one way or two, middle island), markets (area, 

number of shops), historic sites, etc. 

 

 

 

 

 

 

 

 

 

Figure 5. Extended Layer 

Mode. 

 Integrates common 

database operations such as query with the unique visualization and geographic analysis 

benefits offered by maps. The integration of tourism data and GIS data is a big challenge 

for the tourism industry, today. 

 Integrated planning of attraction (i.e., natural, cultural, man-made), service (e.g., 

accommodation, restaurants, shops, visitor information, tour and travel operations, 

money exchange, medical facilities, postal services etc.), and transportation facilities 

(i.e., both material infrastructure and transportation services. 

 Using photogrammetry database to create digital elevation model with 1m resolution. 

 data visualization in the graphic representation of data (represent spatial data): 

- represented every vector layer in different method by GIS software e.g.: 

(Single symbol unique values, graduated colors, graduated symbols, charts, dot 

density and heat map) 
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- set other layer display properties such as (DEM and land cover): 

                     transparency (0-100%). 

- labels: names of objects (e.g., names of rivers, streets) and numbers. 

 display scale. 

 After that saved as layer style to fix for all map project. 

Figure 6. The Map Legend 

 Creating maps:  

- Content (select layers: turn on/turn off the relevant layers, add missing thematic 

layers, rename layers) 

- Symbology (choose the method of data visualization, add labels) 

- View setting (determine the scale of map content display, adjust the extent of the 

map window) 

- Map composition (create a new project in the print layout, compose a thematic 

map by adding elements such as map frame, legend, scale etc.) 

- Print (set printout parameters, save print project) 

- Map elements: can be composed of many different map elements. 

- main map body. 

- Inset or location map(s) 

- Legend - a visual explanation of the symbols used on the map 

- Title - a subject of the map 

- Map scale - the ratio of a distance on the map to the corresponding distance on 

the ground 

- Orientation indicator - the relationship between the directions on the map and the 

corresponding compass directions in reality (e.g., north arrow, graticule) 
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- Map source and additional information (text, graphic, data source, credits, 

authors, etc.) 

 

5. Basic principles of map creation 

 

 Balance involves the organization of the map and other elements on the page. The 

various parts of a map layout should be distributed in a way that their weight is centered 

around the visual center of the map. Four types of balance: symmetrical, asymmetrical, 

radial and mosaic. 

 Legibility is the ability to be seen and understood. Legibility depends on good decision-

making for selecting symbols and choosing sizes so that the results are easily seen and 

understood. 

 Clarity is the ease of recognition of map elements. 

6. Analysis of the results 

Using GIS to build spatial geodatabase for tourism to allow more in details additions and 

development in the near future, spatial analysis is identifying trends on the data, creating new 

relationships from the data, viewing complex relationships between data sets, looking at 

geographic patterns which can be simple such as making a map, or complex involving models 

that mimic the real world and making better decisions, In the following we present some of the 

functions of the GIS and examples. 

 

The objective of geographic analysis is to transform data into useful information to satisfy the 

requirements or objectives of decision-makers at all levels in terms of detail, an important use 

of the analysis is the possibility of predicting events in another location or at another point in 

time. Geographic Analysis is an analysis of problems with some Geographic Aspects:  

 

 Alternatives are geographic locations or areas  

 Decisions would affect locations or areas  

 Geographic relationships are important in decision-making or modelling. 

 Identify is the fastest way for getting information about features. Just click on 

the map on the feature which you want to know All attribute data will appear in 

a tabular form; see Figure (7). 



7. Uluslararası Öğrenci Sempozyumu 

 121 

www.internationalstudentsymposium.com 

 

 

 

 

 

 

 

Figure 7. Identify Land Mark Attribute 

The range of geographical analysis procedures can be subdivided into the following categories:  

 Database Query: selected feature using the Standard Query Language (SQL) 

GIS allow query by attribute and query by geometry, such as, querying about 

the location of hotels and pharmacy with fair 3km about trail rout (already this 

rule used to display land mark in map) 

 Network analysis, one example of this is the classic shortest-path between two 

points, which is the quickest way to get from point A to point B. See figure 8. 

 Digital Terrain Model, figure 9. 

 Statistical and Tabular Analysis. 

 Overlay. 

 Proximity analysis. 

 Hyperlink Data is a tool to obtain more information attached to features such 

as photos, video or texts, (see Figure (11)). 

 Statistical Analysis is a representation of the numerical data of the layers into 

charts form. 
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Figure 8. 

 Mathematical functions may be applied to help in decision making such as 

ranking hotels according to cost. 

 Creation and review trail routes from Um Qais in the north to Aqaba in the 

south as 8 region trail rout and 36 sections trail routes. Figure 12. 

 

 

 

 

 

 

 

 

 

 

Figure 9. Determination of the Shortest Path Between Two Points. 
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Figure 10. Digital Terrain 

 

 

 

Figure 11. The Elevation Data for the Study Area. 

 

  

Figure 12. Hyperlink Data 
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A: face 

A: back 
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Figure13. A: all trail routes, B: Region 6: 

dana to Petra routes, C: Section 601: Dana to Wadi Malaga 

 

  

 

Figure 14. A Topographic Map Shows Elevation. The 

More Closely Spaced the Lines, The Steeper The Slope 

 

 

 Figure 15. Paper Jordan Trail Map 
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Figure16. Sample Map Download from Jordan Trail Map Website 
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 Buffer around trail rout as 3km in both directions to display land mark to demonstrate 

the services within a walking distance. 

 Creation of 36 trail maps routes figure (16) show sample (all Jordan trail maps available 

free download from Jordan trail map website:  https://jordantrail.org/discover-the-

jordan-trail/ figure (17) 

 

 

7. Application scenarios 

 As plan for developing the trail map, it is proposed to create an application related to 

 the map to be used as a mobile interactive trail application. Details are below.  

In regards to its function, the application uses a geographic search to perform complex 

geographic queries in geographic context. It allows the combination of touristic attributes, like 

object type (e.g., hotel, restaurant, event location, etc.), object name, category of hotels, etc., 

with geographic criterions like nearness, distance, location (city or province) or objects located 

inside a selected rectangular map region. The user defines a query by selecting tourist criteria 

and choosing a geographic area (e.g., map area  

A thematic mapper is used to integrate tourism information (e.g., object symbol to identify the 

object type, object name, category (stars) of hotels, a link to the object homepage for further 

navigation, etc.) and GIS data to build tourist maps. A hotel search can be a time-based search 

which extends the map with available information of rooms (e.g., the color of the hotel symbol 

emphasizes the availability). 

 To guarantee a sensible use, the user will have the possibility to zoom in/out to change the 

scale of the map, scroll on the map and print as well. When returning the map to the Web-client, 

only queried layers are set to be visible (Fig.18) to give the user a more detailed impression of 

where things are, how they can be reached, and which things are located nearby. SVG offers 

the possibility to turn layers on or off to create the representation which fits to the requirements 

of the user. All layers can be combined without restrictions to achieve the goal of the user. 

 

https://jordantrail.org/discover-the-jordan-trail/
https://jordantrail.org/discover-the-jordan-trail/
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Figure 1. Integrated GIS System 

8. Conclusions:  

 GIS use has so far provided successful results which promote importance of information 

over technology. The reality is that geographic data in actual world come in many different 

formats. In this paper GIS has been established as a tool for collecting, analyzing, modelling 

and visual presentation of tourist data. Also, GIS is used for bringing the georeferenced data 

(spatial and non-spatial) of geographic location trail routes from om Qais - Aqaba into 

digital maps. Each object is assigned to a thematic layer. Each layer combines related 

objects like roads, building, or watercourses land cover, so must be enlarged with additional 

attribute tourism layers like hotels, restaurants, sights and further infrastructure layers.  

 Geographical information system is a rapidly expanding field must use the development our 

work in next phase as applications that manage and use geographic information in 

combination with other media. In the tourism industry, government strategy, decision 

making, GIS is used to provide: digital basic map, digital files for analyzing and mapping, 

digital files for mobile mapping and modelling, digital multimedia, reversed as dynamic 

(tourism, trail) maps and interactive interior maps. 
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On the Conservation Laws of an Extended KdV and Extended 

KdV-B Equations 

Mohanad Alaloush1, Hatice Taskesen2 

Abstract 

In this paper, we consider the conservation laws for the extended KdV equation in the form  

ut + auux + buxxx + K(t)ux = 0 

and for the extended KdV-B equation in the form  

ut + auux + buxxx + K(t)ux + cuxx = 0  

where a, b and c are arbitrary constants.  

Conservation laws are of fundamental importance, especially in nonlinear sciences, and they 

indicate that a particular characteristic (such as mass, momentum, or charge) is measurable in 

an isolated physical system as the system evolves over time. 

In the field of differential equations there are many applications of conservation laws. For 

example, using conservation laws Lax proved theorems of global existence. In order to solve 

evolutionary equations, the study of conservation laws of the KdV equation was a milestone in 

the exploration of some techniques including Miura transformation, Lax pair, inverse scattering 

transformation and bi-Hamiltonian structures.  

By using a variational derivative approach, conservation laws for an extended KdV and 

extended KdV-B equations were constructed. The computations to derive multipliers and 

conservation law fluxes are conducted by using a Maple-based package which is called GeM. 

Keywords: Conservation Laws, Integrable Equations, Extended KdV Equation, Extended 

KdV-B Equation, GeM Package, Multiplier. 

 

1. Introduction 

Many researchers have studied the Korteweg-de Vries equation, written for short (KdV) and 

the Korteweg-de Vries-Burger equation, written for short (KdV-B) where they are a type of 
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nonlinear partial differential equations (PDEs), and these equations forms the dispersion, 

dissipation, nonlinear model and the behaviour of waves in shallow water surfaces [1]–[3]. It is 

well known that many physical phenomena can be described using these equations. Examples 

of applications on the equation are: 

Conditions for the behavior of long waves in water and surface waves in plasmas. It also fits 

into a nonlinear wave pattern of a fluid in a rubber tube that is turbulent due to tiny bubbles 

moving inside it. These equations are a one-dimensional generalization of the typical 

description of velocity and density fields that consider compressive strength as well as viscosity 

and dispersion, the KdV and KdV-B equations may be more flexible tool for physicists than 

the Burger equation [4]–[6]. 

Conservation laws appear in many mechanical, chemical and physical processes and are 

evidence that some properties do not change with the evolution of the system over time within 

an isolated physical system. To find conservation laws there are many powerful methods such 

as the technique of the Noether’s theorem [7], Laplace’s direct technique [8], Steudel’s 

characteristic method [9]. 

The appearance of symbolic computational packages provided a great relief for performing 

complex and arduous computations, so researchers over the past decades have focused on 

developing mathematical symbolic packages that work with either Maple or Mathematica. 

There are several recently developed computational packages that are based on different 

approaches to obtain conservation laws. For instance, condens.m which developed by Goktas 

and Hereman on Mathematica [10], TransPDEDensity.m which developed by Adams and 

Hereman on Mathematica [11], ConservationLawsMD.m  which developed by Poole and 

Hereman on Mathematica [12], Vessiot suite which developed by Anderson and Cheb-Terrab 

on Maple [13], SADE which developed by Rocha Filho and Figueredo on Maple [14] and GeM 

which developed by Cheviakov on Maple [15]–[17]. In this article we will use the GeM package 

[16] to find the conservation laws for extended KdV and extended KdV-B equations. GeM 

package which is based on Maple environment was introduced by Cheviakov [15], [16] in order 

to find symmetry and conservation laws for differential equations.  

In order to obtain the conservation laws of any partial differential equation, first the GeM 

package obtains a determining system of multipliers and then with the Rif package this system 

is simplified. Finally, the fluxes are generated by the direct method,  first homotopy method, 

second homotopy method or scaling symmetry formula once multipliers are obtained for more 
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details see [18], [19]. 

In this paper, we consider the extended KdV equation in the form  

ut + auux + buxxx + K(t)ux = 0, #(1)  

and the extended KdV-B equation in the form  

ut + auux + buxxx + K(t)ux + cuxx = 0#(2)  

which presented by the authors of Bakırtaş and Antar [20].  Eqs. (1) and (2) are called the 

extended KdV equation and the extended KdV-B equation respectively, where in the equations 

(1) and (2),  a and b are constants representing the initial deformation of the tube material, and 

K(t)ux  stands for the contribution of the tapering of tube. The equations (1)  and (2)  are 

obtained in the works of Bakirtaş and Antar [20], Bakirtaş and Demiray [21] by using reductive 

perturbation method. Also the soliton, soliton-like , periodic solutions ,  rational solutions were 

found using extended mapping transformation's method [22]. Moreover,  taking into account 

the elasticity of the wall in addition to the effects of gradient, Eq. (1) describes the models of 

the propagation of the impulse wave through tubes filled with fluid with elastic walls [22]. 

In the present paper, the conservation laws of Eqs. (1) and (2) are computed explicitly by using 

Direct method, first Homotopy method and second Homotopy method and the multiplier of the 

form  λ = λ(t, x, u, ut, ux, uxx, uxt) in GeM Maple routines which is a Maple-based package 

[16]. 

This work is planned as follows: We first review the basic concepts on the multiplier approach, 

then we will use a technique similar to the one we presented in [18], [19] for deriving 

conservation laws and conserved quantities corresponding to the Eqs. (1) and (2) via GeM 

Maple routines. In the third section, we will explain the extended KdV equation in detail along 

with GeM Maple routines which is suggested by Cheviakov [16],[23],[17]. After that, we will 

list the results explicitly for the methods of direct, first homotopy and second homotopy in three 

separate tables. Finally, we discuss and conclude our results. 

2. Basic Concepts on the Multiplier Approach 

Based on the fact that we can remove the total divergence using the Euler operator, we use a 

multiplier approach to calculate conserved densities and fluxes. 

1. Consider an nth-order partial differential equation for dependent variable u and an 

independent variable t, x  
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G(t, x, u, ut, ux, utt, utx, … ) = 0. #(3)  

2. The Euler operator uE  is defined as 

Eu =
δ

δu
=

∂

∂u
‐Dt

∂

∂ut
‐Dx

∂

∂ux
+ Dt

2 ∂

∂utt
+ Dx

2 ∂

∂uxx
‐ …  

where tD  and xD  are the total differentiation operators defined as following: 

 Dt  =
∂

∂t
+ ut

∂

∂u
+ utt

∂

∂ut
+ utx

∂

∂ux
+ ⋯ 

Dx  =
∂

∂x
+ ux

∂

∂u
+ uxx

∂

∂ux
+ uxt

∂

∂ut
+ ⋯  

3. A vector 
 ,t xT T T

 is defined as the conserved vector of (3) if 
D D 0t x

t xT T 
 

holds for all solutions of (3), where 
tT  is conserved density and 

xT  is associated flux. 

The divergence expression 
D D 0t x

t xT T 
 is called the local conservation law for 

(3). 

4. A multiplier   of (3) is a function on the solution space which satisfies 

DtTt + DxTx = λG, #(4)  

 for any function ( , )u x t [24], [25]. 

The multipliers may be determined by taking the variational derivative of (4)  

δ

δu
(λG) = 0. #(5)  

 We can derive the conserved vectors using (4) after computing the multipliers from 

(5). 

3. Applications on Finding Conservation Laws and Multipliers via GeM Maple Routines 

In this section, we use a multiplier approach technique for deriving conservation laws and 

conserved quantities corresponding to Eq. (1)and Eq. (2) via Maple-based GeM package. We 

start with the Eq. (1). Consider the following extended KdV equation: 

ux + a u ux + b ux x x + K(t)ux = 0#(6)  

We will explain the case of extended KdV equation in detail along with GeM Maple routines 
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given in [15], [16]. Dependent and independent variables and Eq.(6) can be defined in GeM by 

the following commands: 

We start by using the following Maple command 

 

Let us take the multipliers as λ = λ(t, x, u, ut, ux, uxx, uxt). The Maple routines used for 

multipliers are 

 

The determining equations for the simplified form of multipliers are as follows 

λxx = 0, λux = 0, λuxxx = 0, λutxx = 0, λuu = ‐
a(a(λutx

)u + K(λutx
)‐λuxx

)

b
, λuuxx

= ‐
2a(λutx

)

3
, λuutx

= 0, λutxuux
= 0, λutxutx

= 0, λt

= ‐λxau + uxxλutx
Kt‐λux

K, λut
= 0, λux

= ‐
a(λutx

ux)

3
 #(7)  

The following Maple command is used to solve the system (7) 

 

and it yields 

 λ = λ(t, x, u, ut, ux, uxx, uxt) = _C1 + _C2u + _C3 (
a

2b
u2 + uxx) 

where _C1, _C2 and _C3 are arbitrary constants. There appear three linearly independent 
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conservation laws from the following multipliers 

λ(1) = 1, λ(2) = u, λ(3) =
a

2b
u2 + uxx#(8)  

The next task is the construction of conservation laws from the multipliers given in (8). The 

direct method is used to compute the flux expressions in the Maple command 

 

We have the conservation law fluxes which are presented in the following table for the 

multipliers (8) : 

Multiplier Fluxes 

λ(1) = 1 Tt = u 

Tx = Ku + buxx +
u2a

2
 

λ(2) = u 
Tt =

u2

2
 

 

Tx =
u2K

2
+ buuxx‐

ux
2b

2
+

au3

3
 

λ(3) =
a

2b
u2 + uxx Tt =

au3‐3ux
2b

6b
 

 

Tx =
3a2u4 + 4Kau3 + 12abu2uxx + 12Kbux

2 + 12uxx
2 b2 + 24butux

24b
 

The homotopy formulas will be employed for the fluxes since the multipliers do not contain 

arbitrary constants. The following Maple command is used for first homotopy formula 

 

to get the expressions for conservation law fluxes which are presented in the following table: 

Multiplier Fluxes 

λ(1) = 1 

Tt = u 

Tx = Ku + buxx +
u2a

2
 

λ(2) = u Tt =
u2

2
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Tx =
u2K

2
+ buuxx‐

ux
2b

2
+

au3

3
 

λ(3) =
a

2b
u2 + uxx 

Tt =
u(u2a + 3buxx)

6b
 

 

Tx =
(4au3 + 12ux

2b)K + 12uxx
2 b2 + (12auxxu2‐12uutx + 12utux)b + 3a2u4

24b
 

For second homotopy formula, the Maple command 

 

yields the expressions for conservation law fluxes which are presented in the following table: 

Multiplier Fluxes 

λ(1) = 1 

Tt = u 

Tx = Ku + buxx +
u2a

2
 

λ(2) = u 

Tt =
u2

2
 

 

Tx =
u2K

2
+ buuxx‐

ux
2b

2
+

au3

3
 

λ(3) =
a

2b
u2 + uxx 

Tt =
u(u2a + 3buxx)

6b
 

Tx =
(4au3 + 12ux

2b)K + 12uxx
2 b2 + (12auxxu2‐12uutx + 12utux)b + 3a2u4

24b
 

Now, by repeating the previous processes for the extended KdV-B equation which was given 

in Eq.(2), we find multipliers and conserved vectors using the direct method which are given 

in Table 1, for first homotopy method the multipliers and conserved vectors that are shown in 

Table 2, and for second homotopy method that are given in Table 3 . 

Table 1: Multipliers and conserved vectors using direct method 

Multiplier Fluxes 

λ(1) = 1 

Tt = u 

Tx =
3u2

2
‐(uxx‐b)u +

ux
2b

4
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Table 2:Multipliers and conserved vectors using the first homotopy method 

Multiplier Fluxes 

λ(1) = 1 

Tt = u  

Tx =
3u2

2
‐(uxx‐b)u‐

ux
2

2
  

 

 

Table 3:Multipliers and conserved vectors using the second homotopy method 

Multiplier Fluxes 

λ(1) = 1 

Tt = u  

Tx =
3u2

2
‐(uxx‐b)u‐

ux
2

2
‐

2utx

3
  

4. Conclusion 

In this paper using the GeM symbolic software, the conservation laws of extended KdV and 

extended KdV-B equations were established. All GeM Maple commands were explicitly given.  

Three multipliers were obtained for extended KdV and one multipliers was obtained for 

extended KdV-B after the definition of second order multipliers using GeM Maple routines. 

Through the direct method and the first and second formulas of homotopy, conservation law 

fluxes are derived for extended KdV and extended KdV-B equation. Derived fluxes here can 

be used to construct solutions of extended KdV and extended KdV-B equations. 
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Ewma Control Charts For Skewed Distributions  

Moustapha Aminou Tukur1 

Abstract 

The classic Shewhart control charts are generally used for monitoring the process mean and 

variability in the characteristics of a random quality variable of interest and are based on the 

normality assumptions. For skewed distributions, in order to demonstrate the changes in the 

population, non-symmetric control limits need to be used. Methods such as the Weighted 

Variance (WV), Weighted Standard Deviation (WSD) and Skewness Correction (SC) are used 

with skewed distributions. In this paper, the Skewness Correction method is applied to the 

EWMA chart, and a control limit called Skewness Correction EWMA (SC-EWMA) for skewed 

distributions is proposed. The performances of the newly proposed method are compared and 

contrasted with those of the Weighted Variance EWMA (WV-EWMA), Weighted Standard 

Deviation EWMA (WSD-EWMA) and the classic EWMA control limits based on the degree 

of skewness and varying smoothing parameters. The comparison is made with respect to their 

type-Ι errors by using the Monte Carlo simulation technique with data generated from the 

Weibull distribution. The new method proposed is expected to produce good results and hence 

used as an alternative to the most commonly used method of Weighted Variance. 

Keywords: Skewed Distributions, EWMA Control Charts, WV method, WSD method, SC 

Method. 

1 General Introduction 

Nowadays, technology has increased drastically that consumers do not take any mistakes in the 

products they consume. Due to the competitive nature of the markets and the demanding nature 

of consumers, producers tend to use the best techniques available at their disposal to produce 

the best quality of goods. Quality is a very complex term to define due to its subjective nature 

but according to the Oxford dictionary quality can be defined as a degree of excellence or better 

still as a characteristic or distinctive attribute of a person, good or service. In our context, quality 

                                                
1 Hacettepe University Institute of Sciences Department of Statistics. 
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can be defined vaguely as one or more desirable characteristics that a product or service must 

have.  

A control chart is a statistical device which is used basically for studying and controlling 

repetitive processes. This concept was brought forward by Walter A. Shewhart of the Bell 

Telephone Laboratories in the 1920s. Shewhart suggests that control charts may serve firstly, 

to define the goal or standard for a process that the management would like to attain; secondly, 

it may be used as an instrument for attaining that goal and thirdly, it may serve as a means of 

judging whether the goal set by the management has been attained or not [1]. Therefore, we can 

rightly say that control charts are instruments used for specification, production and inspection 

in an industrial setting. 

The classic Shewhart control charts are generally used for monitoring the process mean and 

variability in the characteristics of a random quality variable of interest and are based on the 

normality assumptions. However, real life problems in most cases are not normally distributed. 

Using the  X̅ and R charts in such cases produce misleading results because, the increase in the 

skewness of the distributions will obviously lead to a relative increase in the type-Ι error 

produced due to the changes within the population [2]. For skewed distributions, in order to 

demonstrate the changes in the population, non-symmetric control limits need to be used [3]. 

Methods such as the Weighted Variance (WV) proposed by Choobineh and Ballard (1987), 

Weighted Standard Deviation (WSD) proposed by Chang and Bai (2001) and Skewness 

Correction (SC) proposed by Chan and Cui (2003) can be used. Using these methods help the 

experimenter to avoid misinterpretation of results and hence produce a better output.  

The classic X̅ and R control charts and all their derivatives are generally used to detect large 

shifts in the process mean hence making them not too reliable in situations where in small shifts 

are of interest. To solve such problems, the Exponentially Weighted Moving Average (EWMA) 

control charts which was proposed by Roberts (1957) can be used.  

Researchers have developed an interest in the EWMA after its discovery and a lot of work was 

done in its regards. Robinson and Ho (1978); Crowder (1989) and Lucas and Saccucci (1990) 

all studied the properties of the EWMA numerically and proposed vital relations between the 

parameters of the EWMA which are discussed in greater details in the subsequent sections. 
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2 The Weibull Distribution 

The probability density function of a random variable X which is Weibull distributed 

(X~Weibull(γ, α, β)), is given as follows.   

f(x) =
β

α
(

x‐γ

α
 )

β‐1

exp [  ‐ (
x‐γ

α
 )

β

 ] ; x ≥ γ (1) 

The Weibull distribution uses a location parameter γ (‐∞ < γ < ∞), a scale parameter α (α >

0) and a shape parameter β(β > 0) respectively [4]. Taking the location parameter as γ = 0 

and the scale parameter as α =
1

λ
  reduces the Weibull density function to the more prevalently 

used two parameter Weibull density function as follows. 

f(x) = βλβxβ‐1 exp(‐xλ)β  (2) 

3 Exponentially Weighted Moving-Average Control Charts 

The EWMA is a control chart used in detecting very small shifts in the process mean just like 

the moving-average control charts but are more sensitive [5]. It is also used as a control tool. It 

is generally used with individual observations [6].  

The EWMA chart is constructed based on varying weights from previous observations. EWMA 

control charts are also called geometric moving average charts. The exponentially weighted 

moving average when the starting parameters are unknown is defined as follows [4]. 

Gt = λX̅t + (1‐λ)Gt‐1 (3) 

Here, λ which lies in the interval 0 < λ ≤ 1 is a weighting or smoothing constant. The starting 

value which is also the process target is given such that G0 = X̅̅.  

The centreline, upper and lower control limits for the EWMA control chart when the parameters 

are unknown are given below [4]. 

UCLEWMAt
= X̅̅ + K

σ̂

√n
√

λ

(2‐λ)[1‐(1‐λ)2t]
  

CLEWMAt
= X̅̅ (4) 
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LCLEWMAt
= X̅̅‐K

σ̂

√n
√

λ

(2‐λ)[1‐(1‐λ)2t]
  

For large values of t the standard deviation of Gt is given asymptotically by  

σG = √
σ2

n
(

λ

2‐λ
) (5) 

Therefore, the centreline, upper and lower control limits of the EWMA control chart in this case 

when the parameters are unknown are given below [4]. 

UCLEWMA = X̅̅ + K
σ̂

√n
√

λ

(2‐λ)
  

CLEWMA = X̅̅ (6) 

LCLEWMA = X̅̅‐K
σ̂

√n
√

λ

(2‐λ)
  

Here, K is a number chosen by the experimenter which is directly related to the smoothing 

constant. Generally, in a wide range of applications where in individual measurements are 

involved, a well-designed EWMA as a control chart is highly recommended particularly during 

the process monitoring phase [7]. 

3.1 Design and Choice of Parameters for the EWMA  

Crowder (1989) studied the properties of the EWMA numerically and came up with a concise 

method comprising of 4 steps to determine the best ordered pair of (λ, K) satisfying conditions 

for setting up of the EWMA control chart. The main objective of this method is to find the best 

set of (λ, K) which for a given in-control average run length (ARL) minimizes the out-of-

control ARL for a specific shift in the process mean. ARL can easily be defined for type-I error 

as the total number of observations before an out-of-control signal is noticed when a process is 

in-control. To find the ordered pair to be used for the design of an EWMA control chart the 

following steps are followed [6]. 

 For the case in which the process shift is assumed to be zero, the smallest ARL is chosen 

based on the requirements of the management. In other words, the false alarm rate (type-

Ι error) is determined.  
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 The magnitude of shift in the process which must be detected quickly is decided. The 

value of the smoothing parameter λ which produces an optimal (minimum) ARL for 

that size shift is chosen. This choice is facilitated by the graph in Figure 1 below which 

was reproduced from [6]. 

  

      Figure 0.1 Optimal λ for the EWMA 

 The control limit constant K which satisfies the in-control ARL in step 1 is found 

using the values of λ in the previous step. The value of K can easily be obtained from 

the graph in Figure 2 below which was reproduced from [6]. 

 

Figure 0.2 Combinations of λ and K 
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      Lastly, a sensitivity analysis by comparing the out-of-control ARLs (Type-ΙI error) for the 

optimal combination of (λ, K) to other combinations of (λ, K) which produces the same in-

control ARL (type-Ι error) is performed. The best combination of (λ, K) which produces the 

desired results based on the type-ΙI errors is chosen.  

3.2 The EWMA for Skewed Distributions 

As earlier mentioned, the classic EWMA control chart which is used in detecting small shifts 

in the process mean assumes that the distribution of the process is symmetrical. Whenever the 

distribution of the process is skewed, using the classic EWMA control chart might not produce 

desired and reliable results. Hence methods such as the WV, WSD and SC used for skewed 

distributions can be used also with the EWMA to give better results. These methods are 

expatiated below. 

3.2.1 The WV-EWMA Control Chart 

The WV-EWMA method was developed by [8]. The control limits for the WV-EWMA control 

chart when the parameters are unknown are given below [8]. 

UCLWVEWMA
= X̅̅ + K

R̅

d2
' √n

√(
λ

2‐λ
) √2P̂X  

CLWVEWMA
= X̅̅ (7) 

LCLWVEWMA
= X̅̅‐K

R̅

d2
' √n

√(
λ

2‐λ
) √2(1‐P̂X)  

The values of the constants K and λ are obtained depending on the desired conditions of the 

average run length as described in the previous section. The control limits in Equation.(7) tends 

to the standard EWMA control limits if the value of the probability P_X is P_X = 0.5 [9].  

3.2.2 The WSD-EWMA Control Chart  

This method was proposed by [10]. When the parameters are unknown, the control limits for 

the WSD-EWMA control chart are computed using the following formulations [10]. 

UCLWSDEWMA
= X̅̅ + K

R̅

d2
' √n

√(
λ

2‐λ
) (2P̂X)  
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CLWSDEWMA
= X̅̅ (8) 

LCLWSDEWMA
= X̅̅‐K

R̅

d2
' √n

√(
λ

2‐λ
) [2(1‐P̂X)]  

Here, the constant d2
' = PXd2(2n(1‐PX)) + (1‐PX)d2(2PX) where d2(n) is d2 for the normal 

distribution when the sample size is equal to n [9]. The value of this constant is computed by 

Chang and Bai (2001). 

3.2.3 The Proposed SC-EWMA Control Chart  

Given the exponentially weighted moving average defined in Equation.(6), the control limits 

for the SC-EWMA control chart when the parameters are unknown is proposed as follows. 

UCLSCEWMA
= X̅̅ + (K +

4k3

3√n

1 +
0.2k3

2

n

 ) √(
λ

2‐λ
)

R̅

d2
' √n

  

CLSCEWMA
= X̅̅ (9) 

LCLSCEWMA
= X̅̅ + (‐K +

4k3

3√n

1 +
0.2k3

2

n

) √(
λ

2‐λ
)

R̅

d2
' √n

  

Here, the term C4
* =

4

3
k3(X̅)

1+0.2k3
2(X̅)

 is computed for various values of n and given by [11]. 

4 Simulation Study and Discussions  

Here, the newly developed SC-EWMA method is compared with existing heuristic methods of 

WV-EWMA, WSD-EWMA and the classic EWMA using a Monte Carlo simulation under the 

Weibull distribution. The comparison is made based on their type-Ι errors which is the 

probability of detecting an out-of-control situation even though the process is in control. Type-

Ι error is also called the false alarm detection rate. The Monte Carlo simulation program is 

written in MATLAB 2016b 64-bit version 9.1.0. The experimental design, the simulation study 

and the results obtained from the simulation studies are discussed subsequently. 

Throughout the scope of this work, the quality variable under investigation is assumed to be 

Weibull distributed with scale parameter ( λ ) and shape parameter ( β ). For the Weibull 

distribution, the skewness is affected only by the shape parameter (β) hence, the scale parameter 
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(λ) is given a constant value of 1. The skewness values, the varying parameters and their 

corresponding probabilities are given in Table 1 below. The probabilities are taken to two 

decimal places and are also obtained from the Monte Carlo simulation. 

Table 1. Varying Parameters and their probabilities for the Weibull Distribution 

k3 

Weibull 

β PX 

0.50 2.15 0.54 

1.00 1.57 0.57 

1.50 1.20 0.61 

2.00 1.00 0.63 

2.50 0.86 0.66 

3.00 0.77 0.68 

The EWMA statistic is set up following the steps provided in section 2. The in-control ARL 

used for this study is 370 which is equivalent to a type-Ι error (α) of 0.0027 for the classic 

Shewhart method when the process is in-control. In the coding however, type-Ι error of α is 

used because of the relationship existing between ARL and α.  

The optimal ordered pairs of (λ, K)  used for this study are given below. These values are 

obtained from the graphs in Figures 1 and 2 respectively. Some of these optimal pairs are found 

in the interval 0.05 < λ < 0.25 which was studied by Borror, Montgomery and Runger (1999) 

and found to be the best smoothing parameter interval corresponding to the in-control type-Ι 

error of 0.0027 or ARL of 370 for the classic Shewhart charts. 

Table 2. Values of the smoothing and control chart constants 

λ 0.10 0.20 0.30 0.40 0.70 

K 2.6952 2.8537 2.9286 2.9614 3.0000 

The subgroup sizes used for this work are n = {3,5,7,10} which are chosen to represent small, 

medium, and large group sizes respectively.  The WV constant (d2
WV) and WSD constant 

(d2
WSD)  were computed and given by Chang and Bai (2001), the d2 and C4

*  constants used for 

the various subgroup sizes when the distribution is normal were calculated and given by 
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Karagöz (2018). Not that the  P̂X  used for the WV and WSD methods are computed 

simultaneously within the simulation program.  

4.1 Simulation Algorithm  

As earlier mentioned, the Monte Carlo simulation technique is used throughout the scope of 

this work. The algorithmic steps used for the simulation are as follows. 

 N independent identically distributed (i.i.d) pseudo random numbers are generated from 

the Weibull (weibull(1, λ)) distribution for each of the subgroup sample sizes n =

{3,5,7,10}. 

 The above process is repeated 100 times and their mean, grand mean, range, and the 

mean of the range computed. 

 The  P̂X value is then obtained from the randomly generated data in the previous step. 

 The lower and upper control limits for the classic EWMA, SC-EWMA, WV-EWMA 

and WSD-EWMA are computed.  

 The EWMA test statistics Gt is computed for all the 100 subgroups of size n generated 

above. 

 The EWMA test statistics Gt are checked to be within the control limits computed above 

or not for each of the methods and their type-Ι errors are obtained and recorded. 

 The above steps are repeated 10.000 times which is the simulation size and the mean of 

the 10.000 type-Ι errors for each method is computed and recorded. 

 

It is vitally important to note that small changes are made to the program to suit the various 

smoothing parameters. 

5 Results and Discussions  

After successfully executing the programs, the results obtained are tabulated as follows in 

hierarchical order of the subgroup sizes n. 

For n=3, it is observed that when the smoothing parameter was in the interval 0.10 ≤ λ ≤ 0.20, 

the Weibull distribution produced the smallest results which were very close to the expected in-

control value of 0.0027. The WV-EWMA emerged as the most suitable method to be used. As 
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an alternative the WSD-EWMA could also be used if the experimenter feels like doing so 

because it also produced good readings. As the smoothing parameter is increased to the interval 

0.30 ≤ λ ≤ 0.40 the Weibull distribution produced the smallest results for the type-I error. The 

WSD-EWMA gave better readings in most cases as compared to the WV-EWMA especially 

when the skewness was extremely small. These two methods could be used as alternatives to 

each other depending on the obligations put in place by the governing body of the place where 

the experiment is being carried out. As the smoothing parameter was further increased to a 

higher value of  λ = 0.70,the Weibull distribution produced the smallest readings when the 

skewness was less than or equal to 1.50. As the skewness is increased beyond 1.50, the gamma 

distribution overtook the former and produced the smallest results. The WSD-EWMA produced 

the smallest readings when the skewness was smaller than or equal to 1.50. The SC-EWMA 

which was the proposed method emerged as the one with the smallest type-I errors for all the 

distributions when the skewness was greater than 1.50. These two methods could be used as 

alternatives to each other under this circumstance. 

The results obtained are tabulated in Table 3 and represented graphically below. 

Table 1. Table of values when n=3 

lambda Skewness Weibull 

    EWMA SC WV WSD 

0.1 0.50 0.0031 0.0045 0.0029 0.0029 

1.00 0.0041 0.009 0.0031 0.0037 

1.50 0.0065 0.0177 0.0031 0.0056 

2.00 0.0093 0.0273 0.0035 0.009 

2.50 0.0137 0.0378 0.0036 0.0129 

3.00 0.0176 0.0448 0.0032 0.0172 

0.2 0.50 0.0032 0.004 0.0029 0.0027 

1.00 0.0045 0.0067 0.0029 0.0032 

1.50 0.0071 0.0117 0.0027 0.0039 

2.00 0.0109 0.018 0.0032 0.0063 

2.50 0.0154 0.0236 0.0033 0.0084 
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3.00 0.0204 0.0264 0.0034 0.0111 

0.3 0.50 0.003 0.0031 0.0025 0.0022 

1.00 0.0047 0.005 0.0028 0.0026 

1.50 0.0079 0.008 0.0028 0.003 

2.00 0.0121 0.0116 0.0035 0.0043 

2.50 0.017 0.0141 0.0038 0.0052 

3.00 0.022 0.0153 0.0041 0.0068 

0.4 0.50 0.0029 0.0029 0.0025 0.0021 

1.00 0.005 0.004 0.0029 0.0023 

1.50 0.0087 0.006 0.0032 0.0025 

2.00 0.0134 0.0078 0.0042 0.0035 

2.50 0.019 0.0091 0.0048 0.004 

3.00 0.0239 0.0087 0.0052 0.0046 

0.7 0.50 0.0033 0.0022 0.0025 0.0019 

1.00 0.006 0.0022 0.0033 0.0021 

1.50 0.0112 0.0025 0.0045 0.0025 

2.00 0.0166 0.0027 0.006 0.0034 

2.50 0.0228 0.0029 0.0068 0.0041 

3.00 0.0278 0.0031 0.0074 0.0047 

 

For n=5 and n=7, it is observed that when the smoothing parameter was in the interval 0.10 ≤

λ ≤ 0.20, the Weibull distribution produced the smallest results. The WV-EWMA emerged as 

the most suitable method to be used. As an alternative, the classic EWMA could also be used 

if the experimenter feels like doing so because it also produced good readings when the 

skewness was smaller than or equal to 1.50. As the smoothing parameter was increased to the 

interval 0.30 ≤ λ ≤ 0.40, the Weibull distribution produced the smallest results for the type-I 

error. The WV-EWMA gave best results for the type-I error. The WSD-EWMA produced good 

readings when the skewness was less than or equal to 1.50 for the first situation while the SC-

EWMA produced better results for the latter. This method could be used as an alternative to the 
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former when the skewness is less than or equal to 1.50. As the smoothing parameter is increased 

to λ = 0.70, the gamma distribution produced the smallest results for the type-I error. The SC-

EWMA which was the proposed method gave the smallest readings for the type-I error. It was 

closely followed by the WSD-EWMA which could be used as an alternative to the SC-EWMA. 

The results obtained are tabulated in Table 3 and represented graphically below. 

Table 2. Table of results when n=5 

lambda Skewness Weibull 

    EWMA SC WV WSD 

0.1 0.50 0.0031 0.0038 0.0028 0.0032 

1.00 0.0037 0.0062 0.0029 0.0047 

1.50 0.0057 0.0113 0.0031 0.0079 

2.00 0.0079 0.0179 0.0038 0.0126 

2.50 0.0117 0.0261 0.0038 0.0184 

3.00 0.0149 0.0332 0.0037 0.0243 

0.2 0.50 0.0032 0.0034 0.0028 0.0031 

1.00 0.0041 0.0047 0.0028 0.004 

1.50 0.0063 0.0082 0.0028 0.0066 

2.00 0.009 0.0117 0.0032 0.0098 

2.50 0.0129 0.0166 0.0031 0.0138 

3.00 0.0166 0.0206 0.003 0.0185 

0.3 0.50 0.003 0.003 0.0026 0.0028 

1.00 0.0041 0.0038 0.0026 0.0035 

1.50 0.0064 0.0057 0.0024 0.0048 

2.00 0.0096 0.0081 0.003 0.0075 

2.50 0.0137 0.0108 0.003 0.0103 

3.00 0.0181 0.0132 0.0033 0.0137 

0.4 0.50 0.003 0.0027 0.0024 0.0025 
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1.00 0.0043 0.0034 0.0026 0.0032 

1.50 0.007 0.0044 0.0026 0.0041 

2.00 0.0106 0.0059 0.0032 0.0059 

2.50 0.015 0.0076 0.0034 0.0079 

3.00 0.0192 0.0089 0.0038 0.0103 

0.7 0.50 0.0029 0.0022 0.0023 0.0021 

1.00 0.0051 0.0024 0.0027 0.0025 

1.50 0.0089 0.0025 0.0033 0.0029 

2.00 0.0133 0.0028 0.0044 0.0038 

2.50 0.0183 0.0029 0.005 0.0043 

3.00 0.0232 0.0031 0.0056 0.005 

 

Table 5. Table of results when n=7 

lambda Skewness Weibull 

    EWMA SC WV WSD 

0.1 0.50 0.0031 0.0034 0.0028 0.0034 

1.00 0.0041 0.0051 0.0031 0.0052 

1.50 0.0054 0.0088 0.0032 0.0085 

2.00 0.007 0.013 0.0037 0.0133 

2.50 0.01 0.0196 0.004 0.0195 

3.00 0.0123 0.0253 0.0041 0.0257 

0.2 0.50 0.0031 0.003 0.0027 0.0032 

1.00 0.0041 0.0042 0.0029 0.0047 

1.50 0.0059 0.0063 0.003 0.0071 

2.00 0.0077 0.009 0.0032 0.0111 

2.50 0.0106 0.0129 0.0032 0.0158 

3.00 0.0137 0.0164 0.0033 0.021 
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0.3 0.50 0.0029 0.0027 0.0024 0.0028 

1.00 0.0041 0.0034 0.0027 0.0039 

1.50 0.0062 0.0049 0.0027 0.0059 

2.00 0.0084 0.0067 0.0031 0.0091 

2.50 0.0114 0.0089 0.0028 0.0125 

3.00 0.0148 0.011 0.003 0.0167 

0.4 0.50 0.0027 0.0026 0.0023 0.0024 

1.00 0.0044 0.0033 0.0026 0.0031 

1.50 0.0071 0.0045 0.0026 0.0041 

2.00 0.0107 0.0059 0.0032 0.0059 

2.50 0.0151 0.0076 0.0034 0.0079 

3.00 0.0198 0.0087 0.0039 0.0103 

0.7 0.50 0.0031 0.0023 0.0024 0.0025 

1.00 0.0046 0.0024 0.0026 0.0029 

1.50 0.0077 0.0026 0.0029 0.0036 

2.00 0.011 0.0026 0.0034 0.0044 

2.50 0.0154 0.003 0.0041 0.0055 

3.00 0.0194 0.0032 0.0046 0.0066 

 

For n=10, It is observed that when the smoothing parameter was in the interval 0.10 ≤ λ ≤

0.20, the Weibull distribution didn’t perform very well by not producing the smallest overall 

results for the type-I errors. The WV-EWMA also produced the best readings for the type-I 

error. It was followed by the classic EWMA method when the skewness was less than or equal 

to 1.50. Under this skewness, the latter could be used as an alternative to the former. When the 

smoothing parameter was in the interval 0.30 ≤ λ ≤ 0.40, the Weibull distribution produced 

the overall smallest readings for the type-I error. The WV-EWMA also produced the best results 

for the type-I error. It was closely followed by the SC-EWMA method which produced good 

results when the skewness was less than or equal to 1.50. The latter can therefore be used as an 

alternative to the former under such skewness. When the smoothing parameter was further 
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increased to λ = 0.70, the Weibull distribution still didn’t produce the overall smallest readings 

for the type-I error. The SC-EWMA which was the proposed method performed best and 

produced the best results for the type-I errors. It was followed by the WV-EWMA which 

produced considerably good results. Under these experimental conditions, the WV-EWMA 

could be used as an alternative to the SC-EWMA. 

The results obtained are tabulated in Table and represented graphically below.  

Table 6. Table of results when n=10 

lambda Skewness Weibull 

    EWMA SC WV WSD 

0.1 0.50 0.0033 0.0031 0.0027 0.0036 

1.00 0.0041 0.0046 0.0033 0.0058 

1.50 0.0048 0.0066 0.0034 0.0088 

2.00 0.0063 0.0097 0.004 0.0135 

2.50 0.0078 0.0144 0.0043 0.0196 

3.00 0.0098 0.0186 0.0045 0.0251 

0.2 0.50 0.0031 0.0029 0.0025 0.0034 

1.00 0.004 0.0036 0.0028 0.0048 

1.50 0.0054 0.0053 0.0031 0.0078 

2.00 0.0066 0.0069 0.0033 0.0116 

2.50 0.0086 0.0099 0.0034 0.0166 

3.00 0.0111 0.0127 0.0037 0.0216 

0.3 0.50 0.0031 0.0027 0.0025 0.0032 

1.00 0.0039 0.0031 0.0026 0.0043 

1.50 0.0053 0.0041 0.0026 0.0066 

2.00 0.007 0.0052 0.0029 0.0097 

2.50 0.0092 0.0069 0.0029 0.0132 

3.00 0.0118 0.0087 0.0031 0.0176 
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0.4 0.50 0.0031 0.0026 0.0024 0.003 

1.00 0.004 0.0028 0.0025 0.004 

1.50 0.0058 0.0034 0.0025 0.0056 

2.00 0.0077 0.0044 0.0029 0.0085 

2.50 0.0101 0.0054 0.0028 0.0112 

3.00 0.0124 0.0066 0.003 0.0147 

0.7 0.50 0.0032 0.0024 0.0024 0.0029 

1.00 0.0044 0.0024 0.0025 0.0033 

1.50 0.0065 0.0026 0.0025 0.0041 

2.00 0.009 0.0027 0.003 0.0056 

2.50 0.0121 0.0029 0.0033 0.0068 

3.00 0.0154 0.0032 0.0037 0.0084 

 

6. Conclusion 

In a nutshell, it can be deducted from above that the EWMA methods for skewed distributions 

are highly affected by the value of the smoothing parameter λ and the sample size n used for 

the subgroups. It can also be suggested that if extremely small or medium shifts in the process 

mean are of interest, the WV-EWMA should be preferred to the others. If larger shifts are of 

interest, then the SC-EWMA should be preferred for optimal solutions to be obtained.    
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 The Relevance of Artificial Intelligence in the Healthcare 

Sector: A Systematic Review Using PRISMA Guidelines  

Nur Nabilah Mohamed1 

Abstract 

Over the past few years, artificial intelligence has arrived in the healthcare sector.  Artificial 

intelligence defined as computing technologies that resemble processes associated with human 

personal information such as reasoning, learning and adaptation, sensory understanding and 

interaction. The rising of artificial intelligence has been breaking grounds in the healthcare 

sector by assisting doctors, hospitals, pharmacy companies and others in tackling practical 

challenges. Thus, lots of the healthcare professionals focus on implementing artificial 

intelligence in the healthcare sectors. This study also investigates the concept of artificial 

intelligence and how the achievement or adaptability of AI in healthcare sectors. In identifying 

the aim of this article, systematic review literature or meta-analyses using Preferred Reporting 

Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines applied in getting the 

results. The elements of criteria were (i) obtained through databases such as Google Scholar 

and Pub Med (ii) publication date from the years of 2010 until 2021, (iii) literature types specific 

on journal only, (iv) written in English, (v) and reporting in the full text of each review was 

checked based on certain PRISMA checklist items. 

Keywords: Artificial Intelligence, Systematic Literature Review, Healthcare Sector. 

A Systematic Review Framework on the Relevance of Artificial Intelligence in 

Healthcare Sectors 

The systematic literature review (SLR) is a systematic and precise way to collect, critique, 

evaluate, and present the results from numerous past research studies that focused on developed 

research questions or topics of interest (Pati & Lorusso, 2018). The authors selected past articles 

based on the article's contents, answering the research question formulated for the present study. 

Thus, the systematic review provides a way for authors to assess the quality and importance of 

existing evidence on question or topic of interest in selecting the articles (Shaffril et al., 2018). 

                                                
1 Selçuk Üniversitesi Sağlık Bilimleri ve Sağlık Yönetimi Bölümü. 
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Moreover, the systematic review approach can be regarded as a rigorous technique as it allows 

authors to identify the research gaps and provide clear directions for future research. Other than 

that, SLR provides a way to assess the quality level and magnitude of existing evidence on a 

question or topic of interest. It offers a broader and more accurate level of understanding than 

a traditional literature review. 

In this study, the author elaborates details on AI's contribution to the healthcare sector. 

Nowadays, Artificial intelligence (AI) is emerging in the scientific area of the healthcare sector. 

Undeniably, AI knew as the most enthusing robotics industry, and it develops in the healthcare 

field. On top of that, several researchers already recommend that the involvement of artificial 

intelligence (AI) in the healthcare field brings lots of benefits.  

First of all, AI can performs tasks very well as human and at same time, more better than human 

itself such as diagnosing diseases and assists in predicting the diseases during the surgery (Yu 

et al., 2018). For example, using deep-learning algorithms, raw-patient monitoring data could 

be better applied in order to keep away from overload information and timely decision making 

for clinicians. Additionally, the uses of AI in healthcare also bring huge impressions, especially 

in healthcare administrations tasks. For instance, AI can facilitate administration tasks hence 

minimizing and manage these frustrations of nurses. Taking the example in the US, the average 

US nurse spends only 25% of work time specific to administrative activities, which is 

considered a small percentage and assists the nurse in completing other tasks immediately and 

precisely (Commins, 2010). Aiding with the AI in electronic healthcare records (EHR), work 

such as claims processing, clinical documentation, revenue cycle management, and medical 

records management can be done rightly and help healthcare administrators to do tasks 

accurately (Davenport & Kalakota, 2019). 

This study is significant regarding the previous researchers because the artificial intelligence 

application and relevance became an awareness issue among healthcare sectors between the 

medical staff and public people. Indeed, the applications and relevancies of AI in healthcare 

sectors create a positive impact in managing the task and assisting the medical staff (Beasley, 

2012). 

In seeking the results for this study, the authors construct a systematic review sourcing from 

the current research guided by the leading research questions—the main focus of this study is 

to identify the AI types used in medical field sectors. Besides, previous articles mainly focused 

on systematic reviews papers. Moreover, this current research is fundamental in healthcare as 
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the methodology used, which is systematic review as a new method for getting the data.  

Methodology 

This part explains the process used to obtain the previous and current articles related to artificial 

intelligence applications in healthcare sectors. As mentioned in the introduction part, for this 

study, the author relies on The Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA), a standard guideline, to conduct a systematic literature review or meta-

analyses review. In the review process, the author retrieved a literature review through internet 

search engines specific into journals and articles only related to the relevance of AI in healthcare 

sectors. The search engines applied by the author are from the databases of Google Scholars 

and Pub Med. All the literature reviews extracted are based on a systematic review process that 

focuses on inclusion and exclusion criteria that consider vital elements in ensure all the articles 

are eligible in this study.  

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

PRISMA, known as The Preferred Reporting Items for Systematic reviews and Meta-Analyses 

statement published in 2009, was designed to assist the authors in creating the systematic 

review’s report based standard guidelines in answering each of the research questions (Page et 

al., 2021).  

The PRISMA guidelines consist of a four-phase flow diagram and a twenty-seven checklist. 

The essential items listed in the PRISMA diagram are identification, screening, eligibility, and 

inclusion criteria of the reports under the review field. Meanwhile, the checklist includes a 

twenty-seven item list covers topics such as title, abstract, introduction, methods, results and 

discussion (Selcuk, 2019). The PRISMA guidelines benefit the authors and researchers to 

evaluate and explore the previous study as it offers a systematic procedure for detailed review 

and process. Adopting PRISMA’s guidelines in the systematic review process helps the 

researchers ensure the process’s transparencies and complete reporting of systematic review 

and meta-analyses (Gupta et al., 2018). Furthermore, the PRISMA guidelines help the 

researchers in i) to identify findings from the research questions, ii) identifies the inclusion and 

exclusion criteria, iii) helps the researchers to plan and conduct systematic reviews to ensure 

all recommend information is captured, and iv) try to examine the extensive database of 

scientific literature in stipulated time. 
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PRISMA is implemented in recent research because many scholars have widely used it in 

numerous fields, including industrialization, like smart farming (Navarro et al., 2020). A 

PRISMA guideline also helps the researchers investigate articles related to artificial 

intelligence, especially in predicting response for the treatment of patients suffering from 

gastrointestinal cancer (Wesdorp et al., 2020). Last but not least, generally researchers 

concluded that the intervention of PRISMA guidelines in artificial intelligence is acceptable as 

it indeed defines the research questions towards the need for a systematic review (Kelly et al., 

2020). 

Resources 

A literature search was conducted using two databases, namely Google Scholar and MEDLINE 

(PubMed) only. PubMed and Google Scholar offer free access for all the researchers and 

scholars that benefit them to access articles efficiently. The author selected MEDLINE 

(PubMed) as the central database in exploring the artificial intelligence field for the present 

study. This is because; PubMed offers an ideal tool for medical and health electronic research, 

presents the best update frequency, and always includes only early articles (Falagas et al., 2008). 

PubMed covers many abstracts and citation databases, surrounding thirty million titles with 

approximately 30 000 publishers. In addition to that, PubMed considers as one of the primary 

databases that cover articles with several of languages approximately fifty-six languages, and 

the primary language is English (Fatehi et al., 2013). PubMed covers publications from 1997 

until the present day.  

Besides, in creating the information gathered from PubMed, authors also referred to Google 

Scholar. Google Scholar is a database that summarizes all electronic references on a subject 

(Falagas et al., 2008). It also helps researchers make a quick search and advanced search. The 

researchers can get the results by exploring the advance search tab, which can be checked using 

little words, authors, source, date of publication, and subject area (Haddaway et al., 2015). As 

Google Scholar offers lots of multidiscipline studies such as chemical, business, and 

administration, the author decided to retrieve articles from Google Scholar. Therefore, the 

combination of the two databases selected by the author can be complete information as both 

databases have their strength, as explained above. 

Inclusion and Exclusion Criteria 

In reaching the research objective of the study, authors must identify, classify and consolidate 

the literature review produced on the topic of interest. Shortly, PRISMA is a method in which 
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the researchers need to scan all published articles on the subject to find the answers to clearly 

defined research questions. To the end of screening the articles, the researchers need to use 

various inclusion and exclusion criteria in exploring the findings (Refer to Table 1). First of all, 

inclusion and exclusion criteria are processes involved in the article at the screening stage. 

Before the author decides the articles are eligible or not, the authors need to verify all the articles 

manually using inclusion and exclusion criteria (Pati & Lorusso, 2018). Inclusion criteria 

identify the characteristics of the articles must have if they are to be included in the study. 

Meanwhile, exclusion criteria are those characteristics that exclude the articles from inclusion 

in the study (Patino & Ferreira, 2018). To begin with, the author needs to identify the literature 

types through which only journal articles with empirical evidence are selected.  

In addition, conferences, forum presentations, books or chapters in books are all excluded; 

hence the author selected journals only. Furthermore, to avoid misunderstandings and difficulty 

while clarifying the data, the author ensures the selected articles were published in English only. 

Besides, the author set ample time to see the evolution of research and related publications. In 

this study, the author chose articles within a period which are eleven years (between the years 

of 2010-2021). Moreover, the most crucial criteria are those articles must discuss on relevancies 

or application of artificial intelligence in healthcare sectors. Last but not least, the significance 

of using the inclusion and exclusion criteria assists the author to minimize the bias that 

potentially happens in clinical research and social science research during the selection of 

articles (Knobloch et al., 2011; Moher et al., 2016). 

Table 1: The Inclusion and Exclusion Criteria 

Criteria Inclusion Exclusion 

Literature type Journal (research articles)  Conferences, book series, chapter in the book, 

forum presentation 

Publication timeline  2010-2021 2009 and before  

Language  English  Non-English  

Nature of the study  Focus on the relevancies of 

artificial intelliegence in the 

healthcare sectors 

Not focus on artificial intelliegence in the 

healthcare sectors 

Systematic Review Process 

The processes of systematic review using PRISMA guidelines are consisting of four phases: a) 

identification, (b) screening, (c) eligibility, and (d) inclusion (Vogt2011). Firstly, the author 

must identify the keywords used in the search process (Refer to Table 2). The author relies on 

previous studies and thesaurus, similar keywords and articles related to artificial intelligence in 

the healthcare sector. At this stage, the author discovered seventy-six articles from the PubMed 

database. Meanwhile, two hundred and sixty-six articles were obtained from Google Scholar. 
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Table 2: The Search String Used for the Systematic Review Process 

Database Keywords used 

PubMed  (“artificial intelligence”) OR (artificial intelligence in healthcare) 

Google Scholar   Allintitle: ( "aritificial intelligence" OR "deep learning" OR “machine learnning”)  

 

While identifying the keyword, it is necessary to note that the quotation mark has the function 

of ensuring the keywords are composed of multiple words together, preventing words from 

being individual. In the identification phase 342 articles were selected with the search tool. 

The second phase is screening. During the screening phase, a manual review of the articles was 

conducted to identify in the titles, abstract and key words the paper adherent to the objectives 

of this study. At this phase, out of 342 articles, a total 240 articles were considered as invalid 

and unnecessary. These articles removed due to as they were published in non-English versions, 

published in the form of conferences, books, chapter in books and forum presentations. Next is 

third phase which is eligibility, whereby the full articles were accessed. After careful reviewing, 

a total of 102 articles were excluded as the context of the study was not the studying the artificial 

intelligence in the healthcare sectors. In conclusion, last phase of screening resulted in 12 

articles that were used for the qualitative analysis.  

Data Abstraction and Analysis  

The process of searching and selecting papers for this study followed the workflow summarized 

in the Figure 1. 
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

Results 

After performing the systematic review analysis, the authors found three themes that relates on 

the relevance of artificial intelligence in healthcare sectors. In Table 3, the three themes are 

artificial intelligence’s definition and applications (Gadde et al., 2020; Jadhav & Jadhav, 2019; 

K Kar, 2018; Puaschunder & Beerbaum Dr., 2020; Robinson, 2021; van der Schaar et al., 2021), 

benefits of artificial intelligence in healthcare sector (Anand, 2021; Butow and Hoque, 2020; 

Gadde et al., 2020; Jung, 2019; Mohapatra and Giri, 2020; van der Schaar et al., 2021), 

challenges of artificial intelligence in healthcare field (Asai et al., 2019; Ball, 2021; K Kar, 

2018; Puaschunder & Beerbaum Dr., 2020; Robinson, 2021; van der Schaar et al., 2021). 

Without a doubt, the application of artificial intelligence brings lots of benefits especially during 

the COVID-19 crisis (Hameed et al., 2021; Mohapatra and Giri, 2020; Puaschunder and 

Beerbaum Dr., 2020). However, concerning the AI’s applications in each job scope may 

threaten the physicians and medical staff position in which AI could replace their task (Asai et 

al., 2019; Jung, 2019). For that reason, the author needs to explain a wide range of artificial 

intelligence definitions in the medical field in this study. 

Table 3: The Findings- The Main Themes 

Authors Artificial 

Intelligence 

Definitions and 

Applications 

Benefits of 

Artificial 

intelligence 

Challenges to Artificial 

Intelligence 

Anand (2021) /  / 

Ball (2021) /  / 

Robinson (2021) / / / 

Butow et al. (2020)  /  

Gadde et al. (2020) / /  

Mohapatra et al. (2020) /  / 

Puaschunder et al. (2020) / / / 

Van De Schaar et al. (2020) / / / 

Asai et al. (2019)  / / 

Lee C. (2019) / /  

Jadhav et al. (2019) / /  

K Kar (2018) / / / 

 

The concept of Artificial intelligence 

Many scholars widely explain the term artificial intelligence. According to Arai et al. (2015), 

AI's term is a combination of a computer to model intelligent behavior with minimal human 

intervention or the automation of intelligent behavior.  AI also defined as thinking machine 
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which come together with a theory and development by computer systems that could perform 

any tasks. For example, AI can control tasks involving visual perception, speech recognition, 

decision-making, and translation between languages (Jadhav & Jadhav, 2019). The field of AI 

started since in the year of 1956. During that year, the word of Artificial Intelligence was 

invented by John McCarthy. He explained AI as the science and engineering of making 

intelligent machine especially intelligent computer programs (Jiang et al., 2017). From that 

aftermath, most people can utilize the benefits that reach from Artificial Intelligence (AI) in 

every position of our lives, including business, sales, marketing, or even healthcare and 

medical-related subjects (Anand, 2021).  

The Artificial Intelligence Types and its functions 

In December, at the end of 2019, our world was shocked by the new virus where the first 

diagnosed detected in Wuhan, China (Mohapatra and Giri, 2020). In the first place, an 

individual who develops mild symptoms feels uncomfortable with their body, such as fever, 

cough, loss of smell and taste, difficulty breathing, and tiredness (Sheikhi et al., 2020). After 

many individuals got affected by the virus of COVID-19, a new finding shows COVID-19 virus 

can direct to acute complications such as organ failure, cytokine loads, blood clots, and septic 

shock. Additionally, an individual with pre-existing conditions, such as diabetes and obesity, is 

also an entity that quickly gets sick once the virus is attacked in their body (Kooraki et al., 2020, 

). Holistic precautions and medicine play a crucial role in protecting the peoples from catching 

the virus spread fastly. Lot of reports has confirmed the faster ways for an individual to catch 

the virus by human-to-human transmission. The currently report from World Health 

Organization (WHO) mentioned the close distance that person-to person can get transmitted is 

within about six feet or two meters. Thus, as every person have to distance themselves from 

other people and crowded place, here the AI’s contribution is very crucial. In this part, the 

author explains about role and types of AI in medical care. 

Recently, the potential of AI in controlling the virus during the pandemic in the healthcare field 

getting vast awareness among the government and medical staff (Puaschunder & Beerbaum 

Dr., 2020). The prospect of AI can be seen once using online healthcare, such as digitalization 

in healthcare. Most countries carry out Health Apps that capture and track human contact and 

check humans from COVID-19 (Wright, 2020). Consequently, this study is crucial because it 

creates a comprehensive understanding of AI’s types and functions since AI  brings many 

contributions years ago in the healthcare field, not only during the COVID-19 pandemic. 
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The development of AI in the healthcare sector can be observed when there are many 

technologies equipment that medical staff applied while handling the tasks in their workplace. 

They were called Artificial Intelligence (AI), Machine Learning (ML), and Natural Language 

Processing (NLP), which assists the healthcare staff in accomplishing their goals with design 

data-centric and data-driven effective personalized medicine (Silver et al., 2016). 

As cited from the National Strategy for Artificial Intelligence (2018), AI is defined as the ability 

of machines to perform cognitive tasks such as thinking, perceiving, learning, problem-solving, 

and decision making. Apart from that, there are varieties of equipment employed by medical 

staff nowadays under the AI techniques. 

Machine Learning 

Machine learning works by presenting a computer with a set of rules and tasks’ and then 

authorizing it to figure out by itself to complete the tasks. A detailed explanation by Das et al. 

(2015) mentioned that machine learning is a program that gives computers the ability to learn 

without being designed. The effectiveness of ML is very vital in confront the security issues 

internet of things and the internet of medical things today (Cui et al., 2018). ML can be 

employed mainly at computing nodes such as cloud/fog computing for continuous data analysis 

and creating meaningful information. Data sharing, for instance, considers a challenging matter 

in protecting patient’s information (Gadde et al., 2020). For this reason, ML programs are used 

to protect the data from outside attacks and malware detection, such as using a Signature-based 

Intrusion Detection System (IDS) (Eskandari et al., 2020). 

Deep Learning 

The following AI program highlighted by the PubMed and Google Scholar articles is deep 

learning. Deep learning is part of a broader family in machine learning. Deep learning operates 

based on learning data representations, as different to task-specific algorithms. Then, these 

algorithms have to automatically learn multiple levels of abstraction, terms, and information 

from a large set of data (K Kar, 2018). The example of deep learning applications in healthcare 

is very well-known in the radiology field. The functions relate to identifying patterns for patient 

symptoms, identifying specific types of cancer, and analyzing the specific diseases are trace by 

medical imaging solutions (Long, 2020). Medical imaging is one of the examples of the deep 

learning program. Hence, the potential of deep learning in assisting the doctors in getting the 
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results of diseases creates positive vibes due to the deep learning ability to automatically learn 

features from available data without a prior explanation of the concept by human capability 

(Hosny et al., 2018). 

Natural Languages Processing 

Machine Learning and Natural Languages Processing are thoroughly practicing together. 

Natural Languages Processing (NLP) can be mentioned to as an interaction between computers 

and human languages, which broaden in the field of computer science, artificial intelligence, 

and computational linguistics (Hirschberg & D. Manning, 2016). Also, the researchers describe 

NLP as a collection of methods employed in the many sectors to assist human to human 

communication, such as using machine translation by analyzing and learning from the 

enormous quantity of human language content available online. In other words, NLP in our 

environment nowadays can be referred to as speech recognition or text analysis. The use of 

NLP allows the machine to identify and interpret human languages. NLP's ability to extract 

information draws the healthcare sector to employ them in Electronic Health Record (EHR) 

system for quality improvement and clinical research (Ball, 2021). As mentioned before, 

through ML and NLP, the capacity of the machine to digest enormous amounts of textual data 

and imagery quickly facilitates the physicians to make sharper examinations and treatment 

decisions (Chen & Decary, 2020). In the meantime, for the patient’s front, NLP’s program helps 

the patients by delivering specific routine and simple tasks such as reminding patients when to 

take their medication and scheduling appointment using voice recognition (Davenport & 

Kalakota, 2019). 

Robotics 

There are lots of AI technologies like DL, ML, NLP and robotics. Recently, the use of robotics 

in healthcare, especially in operations and surgery, increases as its capability assists diagnosis 

treatments. According to a recent report by Credence Research, the demand for robotics in the 

healthcare market was priced at around $7.24 billion in 2015 and is assumed to grow to $20 

billion by 2023 (Crawford, 2016). Usually, the robot will be called a medical robot specific for 

surgeries in the healthcare field. The capability of medical robots performs tasks like surgical 

operations, rehabilitations, social interaction, assisted living, and many other jobs, too. A study 

conducted by Chen et al. (2020) stated that AI-assisted surgical robots analyze data during a 

procedure in real-time from pre-operative medical records to guide a surgeon’s instruments 
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physically. Likewise, the medical robots generally used in neurologic, orthopedic, and 

laparoscopic procedures are being commanded locally and remotely.  

As mentioned previous the potential of medical robotics in rehabilitations irrefutable, when the 

robotics had been employed for patients stroke, to help them in the care of the elderly 

individuals and to provide medical supplies and equipment. Instead of that, the development of 

robotics in healthcare goes deeper when its can facilitates other therapies such as autism therapy 

(Rudovic et al., 2018). Presently, the researchers found that the supervision for parents and 

physicians in handling the autism kids gets challenging, especially in communications aspects 

(Zia, 2020). Autism is a disorder associated with developmental delays with impairment of the 

ability to form normal social relationships and skills (Ousley &  Cermak, 2014). Aiding with 

socially assistive robotics, designed with AI technology, this robotics focuses on supporting 

children with autism in personalized vocal and visual support aspects. Reports from therapies 

documented that a computer model treats children with autism to get feedback and provides 

information using assistive robotics, calculated 90% of efficiencies are positives (Robinson, 

2021). Henceforward, with the supports from AI-robotics, these children with autism can 

develop their new skills specifically for communications. 

The advantages of AI in healthcare 

Content analysis on articles that published in PubMed and Google Scholar database also helps 

the authors to allocate the advantages of artificial intelligence in healthcare into several 

viewpoints.  

Table 4: The advantages of AI 

Authors Viewpoints Explanation 

Asai et al. (2019) Communication between doctors 

and patients use efficiently.  

During a patient visit, charting 

automated, like speech recognition, 

would be valuable for physicians 

and patients in a way that could 

shorten their time spent examining 

each patient. Hence the medical 

staff could continue observations 

others patients without taking too 

long a queue. 

Butow et al. (2020) Useful overviews for training and 

audit in medical administration 

During the training phase between 

health facilitators and trainees, the 

involvements of AI in medical 
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communications are very useful, 

especially in getting a feedback. 

Health professionals could use the 

elements of AI in communication 

training such as words, phrases, 

turn-taking, tone and style in 

providing detailed and feedback 

safely. 

Mohapatra et al. (2020) and 

Anand (2021) 

Development of Drug and Vaccine Assists the pharmacies to predict 

the drug will work or not. The 

medical staff can conduct drug 

delivery design, operates drug 

testing across the country, and aid 

in the development of medicine and 

drug dosage determination. 

Furthermore, drug research is the 

most primary problem faced in the 

healthcare sector. Testing and 

evaluating each drug consume 

millions of dollars, urging the 

pharmacies company to spend 

more to test for each drug 

clinically. Providentially, with 

involving of AI, the process 

becomes more cost-effective and 

practical for drug testing. 

  

Robinson (2021) Monitoring treatment Monitoring the patients and 

predicts the diseases become more 

efficient for the doctors by using 

the neural network, which helps 

obtain the visual features of the 

conditions. Besides, doctors can 

monitor patients in remote areas by 

using online health applications 

like HES KODU. 

Jung (2019) Controlling the diseases With the evolution of AI in 

discovering the diagnosis, the 

physicians can analyze early 

symptoms, provide quicker 
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treatments and at the same time, it 

is cost-effective that bring benefits 

for patients, too. Additionally, as 

AI’s programs offers real-time 

analysis, which is the latest 

information, the doctors can help 

the patients prepare and provide 

themselves with secondary 

prevention. 

 

The Challenges faced by Healthcare due to AI 

Digital technology has been used in a lot of health fields recently (Yorulmaz et al, 2018). Instead 

of the advantages of artificial intelligence in healthcare sectors, the articles published in 

PubMed and Google Scholar selected as the sources of information for this paper also 

highlighted the challenges faced by the managerial staff and medical staff in the healthcare 

sector. According to Oxford Dictionary, the definition of challenges is a situation of being faced 

with great mental or physical effort to successfully and brings the action to test a person's ability 

(CHALLENGE | Meaning in the Cambridge English Dictionary, n.d.). The features below 

describe the point for challenges in AI: 

Internal Challenges 

 Legal liability and attribution of negligence when errors occur, and the ethical issues 

relating to patient choices. The potential of AI as a second assistant might be 

questionable, if there are mistake from the algorithm 

 Issues on medical ethics, patient and clinicians relationship. The ethical issue raise if 

the medical staff fully depends on the AI’ techniques without control the use of AI based 

on necessity. 

 The using of AI in predicts of diagnoses could developed a bias. Hence, medical staff 

need to identified and mitigate the AI systems 

 Adopting AI to assist in surgeries is not easy because gaining the user's confidence 

(clinicians, nurses, patients, and those involved in the regulatory and policy-making 

boards) is still debatable. 

External Challenges 
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 Less participation and support (in term of budget) from the regulators, stakeholder and 

government. As cited by Kalakota (2019) mentioned the less participation from the 

stakeholders means less attention and awareness on potential of AI in healthcare 

 Enterprise developers’ hype may be based on unpublished, untested and unverifiable 

results. 

 Uncertainty of policies in conducting the AI from the regulatory agencies 

 Issues of privacy breaches about patients data in the computing environment for 

collecting, storing and sharing in EHR programs or other sensitive health data remains 

troublesome.   

Discussion 

The systematics literature review in this study managed to conduct the definition of AI, the 

advantages of AI and the challenges of AI in healthcare area. The development of AI 

technologies in our surrounding brings lots of benefits and some of difficulties for others that 

unusual to apply them. When discussing on AI’s applications in any field, there are two thought 

that formed such as come to get along with AI and disagree with using of AI. Thus, in this part 

the author explains the arguments and opinions that are useful for future AI in healthcare field.  

To begin with, the adaptations of AI technologies in the healthcare area threaten physicians’ 

careers and lead to millions of people losing their jobs, resulting in a declining economy in 

certain countries like Africa (Will AI Kill Developing World Growth? - BBC News, 2019). Soft 

skills that fit in to staff such as experts, specialists or consultants if the AI assists them more 

than required. More than that, one study has revealed that a close relationship between care 

robots and humans during consultations has the small potential to isolate people socially and 

unfavourably affect a conventional human relationship (S.Char, Danton H.Shah, & Nigam 

Magnus, 2018). In addition, the scholars found that the perceptions aroused among the AI’s 

users such as physicians and workers are they assumed most people in Nigeria still perceive AI 

as an invention of science that will control the world and take the place of the jobs done by 

humans (Artificial Intelligence Technology: Is Nigeria Ready? -, 2019). Nevertheless, the other 

ICT expert mentioned that AI would not replace human tasks and create more job opportunities 

and job evolutions in many positions. But AI machines must pass strict training before 

employing in a workplace (Puaschunder & Beerbaum Dr., 2020).Despite all the advantages and 

challenges, the systematic review analysis that was conducted could suggest recommendations 

for this study to sustain and improve AI's capability in the healthcare sector. Here there are four 

adaptation approaches are suggested: 
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 Encouraging AI research and development 

To ensure the AI’s research sustain in the healthcare industry, the users can develop a center 

committed to research on AI. Medical colleges and other members can exchange their 

knowledge amongst the academic centers across the countries on this site. Additionally, a 

collaboration between the government and larger agencies could promote accessibility and 

support innovation through greater R&D.   

 A prerequisite of AI training should be included in medical school’s curriculum 

Not all the users (providers, doctors, nurses and radiologists) know and can practice the AI 

machines. For this reason, to assure the physicians or nurses could using AI machines 

properly and efficiently, it is important to apply the real AI machine during training. The 

other researchers stated that training of AI machines should begin in schools to make sure 

an individual understands how the machine works and can minimize clinicians' fear towards 

AI during real application. 

 A standard guideline must proposed in handling AI’s technologies 

It is considered obligatory for the providers to implement a guideline for the medical staff 

while operating the technologies. Most radiologists, for example, are known to handle and 

believe the AI machines could assist them in operation. But, the thing will turn harmful if 

the software/ technology handle by a non-radiologist. The absence of guidelines will tend 

to self-medication and abuse of authority. It is considered obligatory for the providers to 

implement a guideline for the medical staff while operating the technologies. Most 

radiologists, for example, are known to handle and believe the AI machines could assist 

them in operation. But, the thing will turn negative if the software/ technology handle by a 

non-radiologist. The absence of guidelines will tend to self-medication and abuse of 

authority. Once the provider formed the guidelines, now it is time for governments and 

health institutions to formulate these guidelines to control the use of AI. By controlling the 

use of AI, at least can prevent any misconduct behavior or medical ethics that healthcare 

professionals might overuse. 

 Promote AI’s awareness amongst public people 

First of all, health institutions need to bring awareness on AI applications amongst the 

public people. In the first place, healthcare professionals and IT companies need to address 

the importance of AI technologies in assisting treatments. For example, at the end of 2019, 

the world was spread by the COVID-19 virus, transmitted by human-human contact 

(Demirkıran et al, 2021). So at this time, most IT companies and health institutions take 
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precautions to share their AI machines to scan the human body’s temperature. Likewise, 

promoting safe and relevant state-art technology between doctors, nurses, and patients’ 

needs a more collaborative approach. Consequently, the public is aware of the potential of 

AI machines based on their functions. 

Conclusion 

Digital health is gaining more and more importance in healthcare delivery (Uysal and 

Yorulmaz, 2018). This study discusses several subsets of AI which could bring new pathways 

in the healthcare area. The systematic literature review articles that were published revealed 

that AI applications offer great benefit rather than unenthusiastic arguments.  Living in the 

COVID-19 pandemic encourages most health institutions, governments and stakeholders to 

employ AI in controlling the virus in a safe condition. Thus, we can see that the initiation of AI 

in healthcare has already created a huge impact, and in the future, AI results in thoroughly 

transforming the healthcare environment. Furthermore, the technological innovation in mobile 

computing, artificial neural networks, medical robotics, huge data on the internet, machine 

learning programs, and information processing algorithms has driven the use of AI in 

contemporary healthcare. 
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Hümik Maddelerin Oksisol Topraklarda Fosfor Yarayışlığı 

Üzerindeki Etkinliği  

Nurul Azizah Zahraeni1 

Özet 

Hümik maddeler organik maddenin ekstraksiyonu olup, Al'i organo-mineral hale getirebilecek 

fonksiyonel bileşikler içermekte. Hümik maddeler kullanılarak zaman, maliyet ve organik 

madde miktarı açısından daha verimli olabilmektedir. Amacı, Doğu Luwu, Endonezya'dan 

Oxisol üzerinde farklı kaynaklardan ve dozlardan gelen hümik maddelerin fosfor mevcudiyeti 

üzerindeki etkisini bilmektir. Araştırma, Ekim 2017'den Mart 2018'e kadar Hasanuddin 

Üniversitesi Ziraat Fakültesi Deneysel Çiftlikte gerçekleştirilmiştir. Toprak örnekleri 

Hasanuddin Üniversitesi Ziraat Fakültesi Toprak Bilimi Bölümü Kimyasal Toprak Verimliliği 

Laboratuvarı'nda analiz edilmiştir. Oksisol örnekleri Doğu Luwu, Malili, Ussu Köyü'nden 

alınmıştir. Bu araştırma randomize gruplu deneysel desen kullanmıştır. Uygulamalar linyit 300 

ppm (H1), linyit 600 ppm (H2), linyit 900 ppm (H3), saman kompostu 300 ppm (H4), saman 

kompostu 600 ppm (H5), saman kompostu 900 ppm (H6)'dan oluşmuştur. Topralara uygulanan 

900 ppm (H6) saman kompostunun en etkili olduğunu göstermiştir. Bitki boyu, yaprak sayısı 

ve kuru madde ağırlığından bakıldığında en iyi tedaviye rağmen bitki büyümesi için etkili 

değildir, tüm bitkiler fosfor noksanlığı belirtileri göstermiştir. Sonuç, işlemlerden sonra P 

yarayışliği ve diğer Oxisol'ün kimyasal özellikleri hala düşük olarak sınıflandırılmiş, dolaysıyla 

bitkiler iyi büyümemiştir. Oxisol'ün kimyasal özelliklerini sabitlemek için 900 ppm'nin 

üzerinde hümik madde dozuna gerek olduğunu önerilmiştir. 

Anahtar Kelimeler: Endonezya, Oksisol, Hümik Maddeler, Fosfor Yarayışlılığı. 

Giriş 

Fosfor noksanlığı asitli toprakların sınırlayıcı faktörlerinden biridir, örneğin Oksisol 

Alüminyum (Al) ve demir (Fe) tarafından yüksek fosfor (P) adsorpsiyonu asidite toprağını ve 

P fiksasyonunu etkiler [1-3]. Organik madde, Oksisollerdeki Al ve Fe içeriklerini azaltabilir, 

bu nedenle fosforu kullanılabilir durumda hale getirebilir. Bu materyallerdeki hümik 

maddelerin varlığı ile bağlantılı olarak, organik maddelerin topraktaki P biyoyararlanımı 

                                                
1   Isparta Uygulamalı Bilimler Üniversitesi Ziraat Fakültesi Toprak Bilimi ve Bitki Besleme Bölümü. 
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üzerindeki faydalı etkisidir [4-6]. Hümik maddeler, OH fenolik ve COOH bileşiklerine sahip 

fulvik asit ve hümik asitten oluşur [1-2]. Pettit vd, asitli toprakların (oksisol dahil) karbon 

organik içeriğinin düşük olduğunu belirtmiştir. Bu nedenle, asit toprakların bitki kalıntısı 

kompostları, kentsel atık kompostu, gübreler ve kömürden türetilen organik ürünlerle arıtılması, 

yarayışlı fosfor ve toprak pH'ını artırmak için kullanılmıştır [7]. Hümik maddeler, toprak 

reaksiyonunun, adsorpsiyon/sabitleme/katyonun şelatının stabilitesini koruyabilmiş, böylece su 

ve bitki besin maddelerinin mevcudiyetini arttırmıştır [9]. Diğer bir deyişle, Oksisollerde 

yarayışlı fosforu iyileştirmek için hümik maddeler gibi fonksiyonel bileşiklere ihtiyaç 

duyulmuştur. 

Ayrıca hümik asidin kökeni ve kaynağı, yüksek saflıkta hümik asitler elde etmek için ana 

parametreydi. Linyit yüksek karbona sahiptir ve çürümesi kolaydır, bu nedenle bitkiler için 

potansiyel olarak karbon (C) kaynakları için bir alternatif olabilmektedir [10,11]. Organik 

madde kaynaklarından biri olan saman kompostu, toprak iyileştirici olarak işlev görmesi için 

uzun süre uygulanmalı ve inkübe edilmelidir. Maliyetlerin verimli olması için kullanılan hümik 

maddelerin organik madde miktarı ve süresi dikkate alınabilmektedir. Ayrıca, saman ve diğer 

mahsul artıkları gibi kaynaklarını bulmak kolaydır. Böylece çiftçiler, çiftliklerinden çıkan 

atıkları organik gübre olarak kullanabilmektedir. 

Bu çalışmanın amacı, linyit ve pirinç samanı kompostundan elde edilen hümik maddelerin 

Oksisollerin yarayışlı fosfor iyileştirmeye etkisini bilmektir. Bu çalışmanın sonuçları, 

sürdürülebilir tarım için Oksisolleri yönetmek için düşünülebilmektedir, özellikle 

Endonezya'nın nemli tropiklerinde. 

1. Materyal ve Yöntem 

2.1 Çalışma Alanı 

Araştırma, Ekim 2017'den Mart 2018'e kadar Deneysel Çiftlik (sera), Ziraat Fakültesi, 

Hasanuddin Üniversitesi, Güney Sulawesi, Endonezya'da gerçekleştirildi. Toprak örnekleri 

Hasanuddin Üniversitesi Ziraat Fakültesi Toprak Bilimi Anabilim Dalı Toprak 

Laboratuvarı'nda analiz edilmiştir. Oxisollerin toprak örnekleri Malili, Doğu Luwu, 

Endonezya'dan S 2E34'54.768", E 121E5'27.1428" koordinat coğrafyasında alındı (Şekil 1). 
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Şekil 1. Toprak Numunesi Konumlarının Haritası 

2.2 Deney Deseni 

Bu araştırma, tamamen tesadüfi desende, üç tekrarlamalı olarak 6 uygulama olacak şekilde, 21 

ünite olarak düzenlenmiştir. İşlemler linyit 300 ppm (H1), 600 ppm (H2), 900 ppm (H3), pirinç 

samanı kompostu 300 ppm (H4), 600 ppm (H5), 900 ppm (H6)'dan oluşmaktadır. Parametreler, 

Toprak parametreleri ve bitki parametreleri. 

2.3 Malzeme ve Yöntemler 

2.3.1 Malzeme 

Bu çalışmada kullanılan malzemelerin listesi aşağıdadır: 

Tablo 1. Kullanılan malzemeler 

Malzemeler Miktar Birim Yarar 

Toprak örnekler 166,5 kg Dikim ortamı ve toprağın kimyasal ve fiziksel 

özelliklerinin analizi 

Bozulmamış toprak örneği 1 ring Toprak yoğunluğu analizi 
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Linyit 1 kg Hümik bileşiklerin üretimi için temel bileşenler 

Alkali su 1600 ml Linyit ve kompost çıkarma malzemeleri 

Organik gübreler 1 kg Hümik bileşiklerin üretimi için temel bileşenler 

Üre 31,5 gram Temel gübre 

SP36 gübreler 10,5 gram Temel gübre 

KCl gübreler 10,5 gram Temel gübre 

Aquadest 30 litre Toprak analizi için malzemeler 

2.3.2 Toprak Analizleri 

Kullanılan toprak parametresi toprak pH'ı, Katyon Değişim Kapasitesi (KDK)'si, organik 

karbon (C), yarayışlı P, değiştirilebilir Al, hacim yoğunluğu ve toprak teksturudur. Topraklara, 

kimyasal parametre muameleden önce ve sonra analiz edilmiştir. Bitki parametresi ise bitki 

boyu ve kuru madde ağırlığı analiz edilmiştir. Parametrelerin metodu Tablo 1’de 

göstermektedir. 

Tablo 2. Parameter yöntemleri 

Parameter Yöntemi 

pH 1:2.5 toprak/su karışımı 

Kation Değişim Kapasitesi NH4 OAc pH 7 

Organik C Walkey-Black 

Yarayışlı P Bray metodu 

Değişebilir Al KCl 1 M ile titrimetrik yöntemi 

Hacim Yoğunluğu Ring sample volumetrik 

Toprak Tekstürü pH 7.0'da 1 M amonyum asetat (NH4OAc): Titrimetrik yöntemi 

Toprak pH analizinin yapılması için humik bileşiklerin eklenmesi nedeniyle olumlu etkisi 

olduğu düşünülen toprak pH'ı toprak özelliklerinden biridir. Karşılaştırma olarak 

kullanılabilmesi ve toprak pH'ında bir değişiklik olup olmadığının bilinmesi için hümik 

bileşiklerin muamelesinden önce ve sonra toprak pH analizi yapılmıştır. Oxisol toprağı çok 

miktarda Al3+ katyonları içerir, bu nedenle düşük bir KDK değerine sahiptir, hümik bileşiklerin 

eklenmesiyle Oxisol toprağının KDK'sinin artması beklenir. Toprak KDK analizi, karşılaştırma 
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olarak kullanılabilmesi ve negatif/pozitif bir değişiklik olup olmadığının bilinmesi için hümik 

bileşik muamelesinden önce ve sonra yapılmıştır. KDK kili, negatif yüklü inorganik 

kolloidlerin (kil kolloidleri) yüzeyinde değiştirilebilen katyon sayısını aşağıdaki formülle 

gösterir: 

Kilin KDK = Toplam KDK ×
100

kil yüzdesi değeri
  (1) 

Burada KDK, Kation Değişim Kapasitesi’dir 

Mukayese edilebilmesi ve verilen işlemin etkisinin bilinebilmesi için kil KDK'si hümik bileşik 

muamelesinden önce ve sonra hesaplanmıştır. Oxisol topraklarının organik C seviyeleri 

düşüktür, bu nedenle humik bileşikler şeklinde organik madde ilavesinin Oxisol topraklarının 

organik C seviyelerini arttırdığı düşünülmektedir. Tedaviden önce ve sonra C-organik analizi 

yapılmıştır. Yarayışlı Fosfor analizi ise hümik bileşiklerle muamele edildiğinde bitkiler için 

mevcut formdaki topraktaki P değişikliklerinin bilinmesi için işlemden önce ve sonra 

gerçekleştirilmiştir. Değiştirilebilir Al analizi, topraktaki değişebilir alüminyum içeriğini 

belirlemeyi amaçlamaktadır. Oxisol toprakları orta ila yüksek Al seviyelerine sahip, bu nedenle 

Oxisol topraklarında hümik bileşiklerin Al üzerindeki etkisini belirlemek için işlemden önce ve 

sonra Al analizi yapılmıştır. Uygulama öncesi toprak tekstür analizi yapılmıştır. Doku veriler, 

Oxisol toprak örnekleri için temel olarak kullanılmıştır. 

2.3.3 Bitki Analizleri 

Kullanılan bitki parametreleri bitki boyu, yaprak sayısı, toplam kuru ağırlıktır. Bitki boyu 

gözlemi, bitkinin tabanından başlayarak üst halkaya kadar bir cetvel ile bitki boyu ölçülerek 

gerçekleştirilmiştir. Sayılan yaprak sayısı tam açılmış yapraklar ve sürgünlerden açılmış 

yapraklardır. Toplam kuru ağırlık, mısır bitkisini bitkinin tabanından ucuna kadar alıp ±70oC 

sıcaklıkta 2×24 saat fırına yerleştirdikten sonra mısır bitkisi tartılarak hesaplanmıştır. 

2.4 Veri Analizi 

Toprak ve bitki parametreleri için IBM SPSS istatistik versiyon 22 kullanılarak %5 olasılık 

düzeyinde Duncan'ın Çoklu Aralık Testinde (DMRT) analiz edilmiştir. 

2. Bulgular 

3.1 Oksisollerin Özellikleri 
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Tablo 1'deki toprak analizi sonuçları, hümik maddeler muamelesinden önce Oxisollerin bazı 

kimyasal ve fiziksel özelliklerinin olduğunu göstermiştir. Toprak tipi Xanthic hapludox olarak 

sınıflandırılmıştır. Topraklar %30 kil, %62 silt ve %8 kumdan oluşan bir oksik horizona 

sahiptir. 

Tablo 3. Hümik maddeler muamelesinden toprak analiz sonuçları. 

Parameter  Değeri 

pH H2O 5.21 

 KCl 4.99 

Değişebilir Al (cmol/kg)  3.52 

P2O5 (ppm)  9.42 

KDK (cmol/kg)  10.37 

Kil KDK (cmol/kg)  34.57 

C (%)  0.24 

Hacim yoğunluğu (g/cm3)  1.2 

Toprak tekstürü Kum (%) 8 

 Silt (%) 62 

 Kil (%) 30 

  Siltli killi tın 

Tablo 1'e göre, Doğu Luwu Endonezya'dan asit olarak sınıflandırılan Oxisollerin pH H2O ve 

KCl değeri, Oxisollerin değişebilir-Al'i 3.52 cmol kg-1 çok yüksek olarak sınıflandırılmış, P2O5 

değeri 9.42 ppm olarak düşük olarak sınıflandırılmıştır. Toprağın KDK değeri 7,45 cmol kg-1 

ve kilin KDK değeri 34,57 cmol kg-1 kil, toprağın katyonları değiştirme kapasitesinin düşük 

olduğunu göstermiştir. Bu toprakların karbon organik yüzdesi çok düşük (% 0,24) ve siltli killi 

tın olarak sınıflandırılan toprak tekstürü, hacim yoğunluğu değeri 1.2 g cm-3’idi. 

2.2 İşlemlerden Sonra Toprak Özellikleri 

Tablo 2'deki toprak verileri, hümik maddeler işlemlerinden sonra Malili, Doğu Luwu, 

Endonezya'dan Oxisollerin kimyasal özelliklerini ve fiziksel özelliklerini göstermiştir.  

Tablo 4. Hümik maddeler muamelesi sonra toprak analız sonuçları. 

İşlemler pH C (%) 
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H2O KCl 
Değ. Al 

(cmol/kg) 

Yarayışlı P 

(ppm) 

KDK 

(cmol/kg) 

Kil KDK 

(cmol/kg) 

K 5,25ab 5,08a 3,59c 6,98a 7,45a 2,24a 0,27a 

H1 5,15a 5,14a 3,27c 7,07ab 7,85a 2,36a 1,29b 

H2 5,15a 5,12a 2,94bc 7,16abc 8,57b 2,57b 1,32b 

H3 5,13a 5,10a 2,81bc 7,24abc 8,90bc 2,67b 1,55c 

H4 5,15a 5,13a 2,09ab 7,42bcd 9,30c 2,79c 1,70d 

H5 5,40bc 5,33b 2,09ab 7,50cd 10,17d 3,05d 1,82de 

H6 5,48c 5,37b 1,76a 7,68d 12,43e 3,73e 1,92e 

Tablo 2'deki toprak verileri, en yüksek toprak pH'ının H6 muamelesinde mevcut olduğunu, yani 

5.48 ve 5.37'yi göstermiştir. H6 tedavisi, K, H1, H2, H3 ve H4'ten önemli ölçüde farklıydı. 

İşlemlerden sonra toprak pH'ı asit olarak sınıflandırılmıştır. Muamele öncesi pH ile 

karşılaştırıldığında, pH artmıştır, ancak yine de 5.5'ten azdır. H6, en düşük Değiştirilebilir-Al 

toprak değerini, yani 1.76 cmol kg-1 göstermiş, K, H1, H2 ve H3'ten önemli ölçüde farklıydı, 

ancak H4 ve H5'ten önemli ölçüde farklı değildi. Al-dd tedavi öncesine göre iyileşmiştir ancak 

Al-dd'nin değeri H6'da bile hala yüksektir. Bu, toprak pH'ı ile ilgiliydi. 

En yüksek yarayışlı fosfor, K, H1, H2 ve H3'ten önemli ölçüde farklı olan 7.68 ppm değerine 

sahip H6 tedavidir, ancak H4 ve H5'ten farklı değil olduğunu göstermiştir. H2 ve H3, H4 ve H5 

ile önemli ölçüde farklı olmasa da, H2 ve H3, H6 ile önemli ölçüde farklıydı. Toprağın p değeri 

10 ppm'den az olduğundan düşük değer olarak sınıflandırmıştır. En yüksek kilin KDK ve 

KDK'si, 12.43 ve 41.43 cmol kg-1 H6 uygulamasında tüm uygulamalardan önemli ölçüde farklı 

bulunmuştur. 

3.3 Bitki Büyümesi 

Tablo 3, bitki yüksekliği, yaprak toplamı ve kuru ağırlık ile gösterilen mısır büyümesini 

göstermiştir. 

Tablo 5. İşlemler sonra bitki yüksekliği, yaprak toplamı ve bitki kuru ağırlığı 

İşlemler Bitki Yüksekliği Ʃ Yaprak Bitki Kuru Ağırlığı 

K 8,52a 3,11a 0,30a 

H1 9,17ab 3,45ab 0,47ab 
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H2 9,99bc 3,33ab 0,93abc 

H3 10,91cd 3,50ab 1,10bc 

H4 10,99cd 3,75bc 1,60c 

H5 11,37cd 3,92bc 1,60c 

H6 11,93d 4,33c 2,37d 

Tablo 3'e göre, H6'da bulunan en yüksek bitki, yani 11.93 cm, K, H1 ve H2'den önemli ölçüde 

farklı ve H3, H4 ve H5'ten önemli ölçüde farklı değil olduğunu göstermiştir. K, H1, H2 ve 

H3'ten önemli ölçüde farklı olan ortalama yaprak sayısı 4.33 olan H6 uygulaması en yüksek 

yaprak sayısını göstermiştir. İşlem, tüm işlemlerden önemli ölçüde farklı olan en ağır mahsulün 

ortalama kuru ağırlığına sahip H6’idi. 

Tablo 3'teki sonuçlar, en iyi tedavinin diğer tedavilerden önemli ölçüde farklı olan H6'da 

bulunduğunu göstermiştir. Bitkinin ortalama yüksekliğine bağlı olarak, saman kompostundan 

elde edilen hümik bileşikler, linyitten elde edilen hümik bileşiklerden daha yüksek bitkilere 

sahiptir. 

Bununla birlikte, her muamele için mısırın tüm büyümesinin, H6 için bile zayıf olduğu kabul 

edilmiştir. Dikimden 35 gün sonrasına kadar bitki boyu hala 12 cm’idi. H6, 2.37 gram ortalama 

kuru ağırlığa sahip olan, en iyi tedaviyi göstermiştir. H6 tedavisi, tüm tedavilerden önemli 

ölçüde farklı olduğunu göştermiştir. H6, diğer işlemlere kıyasla en iyi kuru ağırlık verimini 

vermiştir. Bitkilerin ortalama kuru ağırlığından bakıldığında, saman kompostlarından elde 

edilen hümik bileşikler, linyitten daha ağır kuru ağırlık vermiştir. 

3. Tartışma 

Oksisoller, tropiklerin yüksek oranda yıpranmış topraklarıdır12,13. Yüksek yağışlı tropik 

bölgelerde, katyonların sızması nedeniyle ana materyallerin asidik olmasına neden olan doğal 

yollarla toprak asitleşmesine katkıda bulunmaktadır14,15. Artan toprak asitliği, pH 5.535'in 

altındaki bitkiler için birincil toksisite kaynağı olan Al'in çözünmesine neden olmaktadır. 

Malili, Doğu Luwu'dan Oxisollerin pH H2O'su 5.21 ve pH KCl 4.99’dir. Yarayışlı P değeri 

9.42 ppm (Tablo 1), P'nin Al tarafından sabitlendiğini göstermiştir. Doğu Luwu, Malili'den 

gelen Oxisollerin tarım için düşük kaliteli toprak kimyasal özelliklerine sahip olduğu, ancak 

belirli bir toprak yönetimi potansiyeline sahip olduğu anlamına gelmektedir. 
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Yüksek değiştirilebilir-Al, sabitlenmiş çözünür Al ve oksihidroksit Al nedeniyle çok düşük 

olarak16 sınıflandırılan Oksisollerdeki yarayışlı P ve çözünür olmayan Al-P'yi oluşturacaktır. 

Von Tucher vd.17 araştırmaya göre, toprak pH'ı ile topraktaki yarayışlı P arasında bitkinin kuru 

ağırlığını etkileyebilecek bir etkileşim vardır, pH 6.2 ve 6.0 olan topraklara göre bitkinin en 

düşük kuru ağırlığını ve en düşük çözünmüş P'yi veren pH 5.3 olan topraklarda Al katyonu, 

düşük pH'lı toprak yapmaktan daha fazla etkilenecektir. pH düştükçe, toprakta çözünürlük ve 

toksisite alüminyum (Al) artmaktadır18. Değiştirilebilir Al, bitkiler için toprakta bulunan fosfor 

seviyesi ile ilişkilendirilmiş. Al ve Fe oksitler meydana gelen kimyasal işlemler fosfor 

tutulmasını arttırmıştır. Bu reaksiyon toprağın asitliğine bağlı olarak meydana gelmiştir. Ohno 

ve Amirbahman19'a göre asitli topraklarda fosfor (P), demir/alüminyum oksit ve Fe/Al hidroksit 

gibi güçlü absorpsiyon enerjisi ile bağlandı ve Al-P bağı olduğuna meydana gelmiştir. 

Toprak tekstürü, büyüme ortamı için ideal olan kum, kil ve silt oranı anlamına gelen siltli killi 

tın olarak sınıflandırılmaktadır. Chau ve ark.20'ın araştırmasına göre, kum, tınlı kum, kumlu tın, 

siltli tın, tınlı ve siltli ile karşılaştırıldığında, siltli kil tın tane çapı 0.001-0.9 mm arasında olup 

0.1 mm hakimdir, başka bir toprak dokusunun çapına <0,1 mm ve >0,1 mm hakim iken, 

dolaysıyla bu gözeneklilik oranı siltli killi tınlı toprak bitki büyümesi için daha idealdir. Bu 

Oxisollerde kütle yoğunluğu değerinden gösterilen herhangi bir sıkıştırma yoktur. Genel olarak, 

1,6 g cm-3'ün altındaki kütle yoğunluğu, kök büyümesini engellemez41. McKenzie ve ark.21'e 

göre, topraklarda baskın olan silt ve kil partikülü, bitki büyümesini destekleyen kütle yoğunluğu 

aralığı 1.1-1.6 g cm-3'tür. 

P uygulaması yapılmayan bitkiler fosfor eksikliği belirtileri gösterdi. Plenet ve ark.22'nin 

araştırması fosfor ve bitki gelişimi arasında güçlü bir ilişki olduğunu göstermiştir. Umeri ve 

ark.23'ün, sınırlayıcı bir faktörse ekinleri etkileyen N ve P'nin makro elementlerinin 

karşılaştırılmasıyla ilgili çalışması, N ve P olmayan gübresi verilen bitkilerin ortalama 

boyunun, P ve N olmayan gübresi verilen bitkilerden daha düşük bir değere sahip olduğunu 

göstermiştir. 

İşleme bağlı olarak artan C-organik içeriğine organik madde materyali verilmiştir. Edi24'ün 

sonuç araştırması, linyit ve P gübresinden yapılan hümik bileşiklerin Oxisols toprak kimyasal 

özellikleri üzerindeki etkisini göstermiştir. Çalışma, verilen hümik maddelerin artan dozları ile 

birlikte C-org içeriğinde bir artış göstermiş. C-org içeriği humik bileşiklere sahip toprağın 

içeriği, hümik bileşiklerin uygulanmadığı duruma göre %0.6-0.7 arasında değiştirmiştir. Daur 

ve Bakhashwain25 tarafından yürütülen bir başka çalışma, C-organik toprakta, karbon (C) olan 
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linyit içeriğinin yanı sıra bileşik humat materyalinin organikten gelmesi (kompost gibi gübreler) 

nedeniyle C-organik toprakta %2.01 %2.14'ten bir artış olduğunu göstermiştir. Verilen humat 

bileşiğinin dozu ne kadar yüksek olursa, bitki boyunun büyümesi de o kadar yüksek olmaktadır. 

Bunun nedeni, daha yüksek fonksiyonel organik malzeme kümeleri arzıdır. Daur ve 

Bakhashwain'in25 çalışmasına göre, hümik asit dozunun mısır boyunu önemli ölçüde 

etkilediğini ve en yüksek dozun düşük doz ve kontrol ile önemli ölçüde farklı etkiye sahip 

olduğunu göstermiştir. Mısır bitkilerinin artan büyümesi, hümik asidin kontrollere kıyasla 

bitkilere besin ve su tedarikini sürdürdüğü kök çevresindeki toprak koşullarının hümik asit 

tarafından iyileştirilmesinden kaynaklanmıştır. 

İşlemden sonra toprakta mevcut olan P aralığı 6-7 ppm’idi. Kelling et al.26'ya göre, mısırın 

fosfor (P) üzerindeki optimum gereksinimi 9 ila 15 ppm, 5 ila 8 ppm aralığındaki toprak P, 

mısır için hala düşük hakim olmuştur, bu nedenle bitki büyümesi eksiklik bile olsa optimal 

olmayacaktı. Bitkilerin fiziksel durumundan, bodur bitkiler veya yavaş büyüme, hem üst 

(sürgün) hem de alt (kökler) büyümesinden bakıldığında, P eksikliğinin bir belirtisiydi. Bunun 

nedeni, topraktaki yüksek Al içeriğinin Al'ın hala P'yi bağlama şansı olduğu için belirlenen 

dozda hümik bileşiklerin eklenmesiyle üstesinden gelinemez, P bitkiler için mevcut olamama 

neden olmuştur. Krstic et al.28'e göre, bitkiler için toksik olması muhtemel Al konsantrasyonları 

değiş tokuş edilebilir, bitki tarafından ekim ortamında varlığından daha düşük 

emilebilmektedir. Bitki gövdesi ortamındaki yüksek Al içeriği, P'ye bağlı olduğu ve çökeldiği 

için bitkiler için toksik olamamaktadır.  

H6 en yüksek değeri göstermesine rağmen KDK toprak değeri hala nispeten düşük 

göstermiştir27. Al içeriği ile ilişkili toprağın KDK değeri toprakta değiştirilebilmektedir. İlgili 

birçok çalışma, toprak katyon değişim hızı kapasitesinin, Alüminyum28-31'in toksisite 

seviyesinin bir parametresi olabileceğini, dolayısıyla düşük KDK seviyesinin, hala nispeten 

yüksek olan değişebilir alüminyum içeriğinden kaynaklandığını göstermiştir. C-organik içeriği 

en yüksek (%1.92) işlem, düşük içerik olarak sınıflandırılan H6’idi27. 

Verilen hümik bileşiğin dozu ne kadar yüksek olursa, mısırın kuru ağırlık değeri de o kadar 

yüksek olmaktadır. Leventoğlu ve Erdal32, alkali topraklarda yetiştirilen mısırda hümik 

bileşiklerin uygulanmasına ilişkin araştırmalarında da benzer sonuçlar göstermiştir. Sonuçlar, 

hümik bileşiklerin 0, 500, 1000 ve 2000 ppm dozlarında mısırın ortalama kuru ağırlığının 

arttığını göstermiştir. Çalışmada mısır ekimden 60 gün sonrasına kadar dikilmiştir ancak 

bitkinin kuru ağırlığı hala 2-3 g pot-1 civarındadır, diğer bir deyişle bitki bodur belirti göstermiş 
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ve P noksanlığından şüphelenilmiştir. 2000 ppm'lik bir dozda, hümik bileşikler, aşırı pH'lı 

topraklarda hala iyi bitki büyümesi sağlayamamıştır. Bu çalışmada kullanılan dozdan 

bakıldığında, bu çalışmadaki mısırda benzer bir durum yaşanmıştır, P eksikliği, topraktaki P'yi 

bağlayan hala yüksek değiştirilebilir-Al seviyesinden kaynaklanan ve P'nin bitki için mevcut 

olmamasından kaynaklanmaktadır. Bitkinin kuru ağırlığı, kontrollere kıyasla tüm 

uygulamalarda artmasına rağmen, bitki, mısır yetiştirme yaşı ile uyumlu olmayan, bitkinin kuru 

ağırlığında hala zayıf büyüme göstermiştir. 

4. Sonuçlar 

Araştırmanın sonuçlara göre, Endonezya'nın nemli tropiklerinden gelen Oxisols toprağında 

yarayışlı P sağlaması için en iyi etkiyi 900 ppm saman kompost dozundan elde edilen hümik 

maddelerin sağladığı ve diğer kimyasal özellikleri sürekli iyileştirdiği sonucuna 

varılabilmektedir. Saman kompostundan elde edilen hümik maddelerin toprağın kimyasal 

özelliklerine etkisi, linyitten elde edilen hümik maddelerden daha iyi olduğunu sonuç çıkmıştır. 

Yarayışlı Fosforu (P) değişiklikler hala düşüktü ve bitki büyümesinin mevcudiyete tepkisi hala 

zayıftı, bu nedenle Oxisols toprak kimyasal özelliklerini geliştirmek için 900 ppm'den fazla 

gerekli göstermiştir. 
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The Effect of Cultural Organization on Job Satisfaction in Datu 

Beru Hospital, Indonesia  

Rahmah Rahmah1 

Abstract 

 

The efforts to improve the quality of hospital services should be in line with the efforts to 

improve the quality of nursing services. Service quality is influenced by organizational culture. 

The aims of this study is to investigate and determine the effect of organizational culture on job 

satisfaction on nursing (services) in a hospital, and to investigate the dominant dimensions of 

organizational culture that can affect job satisfaction. The sample of participants in this study 

include 221 people, representing the total nurses. This study includes main hypothesis and 

seven sub-hypotheses that were being investigated. The main hypothesis is: "there is an effect 

between organizational culture and job satisfaction.” The techniques of collecting data used in 

this study is instruments organizational culture scale, and job satisfaction: Minnesota 

Satisfaction Questionnaire (MSQ). The technique of analyzing data is Structural Equal Model 

assisted by Software WarpPLS 7.0 and SPSS. The result of the analysis showed that the 

evaluation model fit. The evaluation model fit index showed Average Path Coefficient of 

innovation culture and risk-taking on job satisfaction 0.162:P=0.007, attention to detail on job 

satisfaction 0.112:P=0.046, result orientation on job satisfaction 0.198:P<0.001, individual 

orientation on job satisfaction 0.224:P=0.001, team orientation on job satisfaction 

0.047:P=0.111, aggressiveness on job satisfaction 0.162:P=0.007, stability 0.197P=0.001. The 

goodness of fit Model R-square, the variable job satisfaction is 0.821 (82.1%). The result of the 

important statistical findings in this study reveal that there is an influence of organizational 

culture on job satisfaction (Beta = .0.80, p <0.1). This means that the higher the organizational 

culture, the higher the job satisfaction. 

Keywords: Organizational Culture, Job Satisfaction, Nurses. 
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Introduction 

Hospitals as healthcare providers and nursing services, which are seen as an integral part of the 

service provider institution cannot be separated from each other. Nursing services provided in 

the hospital require professional and competent nursing performance. Professionalism in 

nursing services is determined by the attitude, performance, knowledge, and skills of each 

nurse. Since the good performance of nurses is very important for patient satisfaction, working 

with nurses who are good in their professions is the priority of a hospital to not compromising 

their quality.  

Thus, hospital management should consider the job satisfaction of nurses to increase the quality 

of hospital staff and determine the level of satisfaction of nurses at necessary intervals. One of 

the factors affecting nurse satisfaction is the hospital organizational culture.   Organizational 

culture plays an important role in increasing the competitive advantage for hospitals. İn other 

word, organizational culture facilitates policy making and implements strategies and practices 

that will achieve the organization's predetermined goals. 

The concept of organizational culture and job satisfaction is a concept related to many 

disciplines. As of today, in a competitive business environment, organizations are trying to 

redefine the way they determine who they are to achieve their goals (Bartell, 2003). For 

example, many institutions have now turned to explore the sociological aspects of their 

businesses, especially the concept of culture, to increase their profitability ( Utomo, 2010). 

The concept of organizational culture is one of the abstract sociological aspects of business and 

plays a very important role in the success of businesses (Naicker, 2008). Organizational culture 

is strongly associated with work motivation and affects both job satisfaction of staffs and the 

productivity of the organization (Robbins and Judge, 2013).  Having an organizational culture 

can be beneficial for the operation of the institution (Silverthorne, 2004). Individuals are 

interested in organizations with perceived values similar to their values, and it has been shown 

that this situation affects variables such as employee performance, job satisfaction, and 

commitment (Smith, 2003: 249; Lok and Crawford, 2004: 321; Chew and Basu, 2005: 604). 

As we all know,  from some literature reviews obtained, organizational culture has gained great 

importance in the 21st century due to its impact on employee performance and job satisfaction 

(Naicker, 2008). That every organization has to understand its dynamic culture; this way, 
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managers can evaluate the predictions obtained from a cultural point of view to gain more 

control over their organizations.    

Furthermore, in terms of defining organizational culture, there is no specific definition of 

organizational culture (Nawawi, 2013), and this concept is difficult to describe (Stuyvesant, 

2007). Organizational culture has been studied in various scientific disciplines such as 

anthropology, psychology, sociology, and each of these scientific disciplines has defined 

organizational culture from the point of view of their respective disciplines (Detert, Schroeder, 

and Mauriel, 2000: 25; Nawawi, 2013). Robbin and Coulter (2012: 52) also describe 

organizational culture as shared values, principles, traditions, and ways of fulfilling the 

elements that influence the behavior of institutional members. 

The meaning of the importance of organizational culture in hospitals has become a concept of 

facilitates institutions to solve their internal and external problems that have been formed during 

a long discussion process among the experts. Also, organizational culture behavior in the last 

decade has shown several researchers and institutional managers pointed to the climate and 

practices developed by institutions in dealing with people or to state values and beliefs that 

must be mutually agreed upon to become standards of behavior at work (Hasibuan, 2014). 

Serrat (2009: 68) defines organizational culture as attitudes, experiences, beliefs, and values 

obtained through social learning that control the way individuals and groups interact within and 

outside the organizational environment. Similarly, Irianto (2012: 1) explains organizational 

culture as a complex value system and as a standard behavioral norm in an organization. 

 Schein (2004: 12), also stated that organizational culture is a values shared basic pattern in 

which the employees  of an institution accepted  in order for this to be valid within the 

organization, learned by solving external adaptation and internal integration problems. 

Therefore, new members should also be taught as a way to evaluate, think, and feel correctly 

when they face  such problems.  

İn other words according to Sudaryo et al. (2018: 105), employees can understand the hidden 

aspects of the organization more easily with the socialization aspect of organizational culture. 

Brooks and Brown (2002), enhance to state that culture contains information-gathering schemes 

that are acquired through socialization and therefore linked to bargains and agreements. 

According to the above understandings, in order for an institution to achieve its goals, all units 

of  an institution need the cultural values of the institution. As Kelsey Straete (2008: 54) stated, 
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the corporate culture of hospitals is not different from the condition of other business 

companies. This means hospital culture is a vital element for the continuity and existence of 

every hospital. 

The importance of organizational culture for hospitals can be listed as developing standard 

behavior, resolving conflicts, giving new members the basic assumptions that will develop the 

right perception, thought, and feeling to avoid any conflict during external regulations and 

internal integration. 

All of the above definitions highlight several important aspects of organizational culture such 

as shared values, socialization, norms, practices, symbols, language, and narratives. The 

definitions also explain how the organizational culture helps employees to integrate themselves 

within the organization. 

Problem of Research 

The success of nursing services is measured by certain indicators and this success is closely 

related to the organizational culture of the hospital. The importance of researching the effect 

between organizational culture and job satisfaction of nurses stems from the fact that 

organizational culture can significantly influence the emotions and performance of employees 

in an institution (Taurisa&Ratnawati, 2012). This is also supported by Chow et al, that empirical 

studies to investigate the relationship between organizational culture and job satisfaction are 

very important because organizational culture can influence employee’s job satisfaction 

behavior (Chow, et al., 2001: 13). 

Robbins and Coulter (2012) also argue that there is a model of the relationship between 

organizational culture and job satisfaction, in other words, a strong culture will bring high job 

satisfaction, meanwhile, a weak culture will lead to low job satisfaction. This situation has 

become the basis for researchers interested in evaluating the influence of organizational culture 

on the job satisfaction of nurses who work at the hospital.  

The questions in this research are: 

1. Is there an effect between organizational culture and job satisfaction 

2. Is there an effect between organizational culture (sub-dimension) and job satisfaction (sub-

dimension). 
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3. Is there a significant relationship between organizational culture and job satisfaction based 

on socio-demographic characteristics? 

Purpose 

The purpose of this study is to determine the effect of organizational culture on job satisfaction 

on nursing in hospital and to investigate dominant dimensions of organizational culture that can 

be affect job satisfaction. 

Method 

In this research, the partial least square method with the WarpPLS program was used in the 

study. Structural Equation Modeling (SEM) is a multivariate analysis technique that combines 

factor analysis and path analysis to enable researchers to simultaneously test and predict the 

causal relationships between exogenous and endogenous variables.  This research is associative 

causal using a quantitative approach. Associative causal research is a research that aims to 

examine the influence of two or more variables. This research looks for a cause between the 

independent variables and the dependent variable.  

İn other words this research aims to test the correlation between two or more investigated 

variables through statistical procedures (Creswell, 2015). The analysis technique with the 

Software WarpPLS 7.0 approach consists of two stages of analysis: Analysis of the 

Measurement Model (outer model) and Structural Model Analysis (inner model).  The 

measurement model in this research is divided into two analyzes of formative and reflective 

measurement models. In this study, Organizational Culture is a reflective measurement model 

while the formative model is job satisfaction. For the reflective model, it is necessary to test the 

validity and reliability of the construct, but for the formative model, the measurement is done 

only by looking at the significance of the weight (Solimun, Fernandes, &Nurjannah, 2017).  

Thus, organizational culture is an exogenous variable and job satisfaction is an endogenous 

variable. Exogenous variables are measured through 7 indicators: Innovation, and Risk-Taking, 

Attention to Detail, Result Orientation, Individual Orientation, Team Orientation, 

Aggressiveness, Stability. While the endogenous variable of job satisfaction is measured 

through two indicators of intrinsic job satisfaction and extrinsic job satisfaction participants. 

The entire population in this study was 496 nurses. However, not all nurses were taken as 

samples considering time, effort, and cost. The sampling technique used in this study was 
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simple random sampling using the Slovin formula. Based on the calculation of the Slovin 

formula, the sample of participants in this study was 221 people representing the total nurses. 

Data Analysis 

In this study, data analysis and process methods used Structural Equation Modeling (SEM) 

based on Partial Least Square (PLS) assisted by Warp - PLS version 7.0. According to Latan & 

Ghozali (2012), the stages of analysis used by PLS-SEM consist of at least five processes, 

namely the conceptualization model, path drawing diagrams, and model evaluation which 

consists of outer model evaluation or model measurement and structural model evaluation or 

inner model.The statistics used to examine model fit were Average Path Coefficient P <0.001, 

Average R - squared P <0.001, Average Adjusted R - square of Fit <0.001, Average VIF, 

Average Full Collinearity VIF, Tenenhaus Goodness of Fit. Sympson's Paradox Ratio, 

Contribution of R– squared Statistical Pressure Ratio and Nonlinear Bivariate Causality Ratio. 

Result 

Respondent Characteristics 

Participants who represented their socio-demographics were mostly women, 148 respondents 

(67.0%) were female and 73 (33.0%) of them were males. From the aspect of the age 

distribution of respondents studied, 101 respondents were aged 20-29 years (45.7%), 85 

respondents were aged 30-39 (38.5%), and 35 respondents (15.8%) were over 40 years. By the 

aspect of the marital status, it was found that 172 respondents (77.8%) were married and 49 

(22.2%) were unmarried.  From the educational aspect of respondents, 20 respondents (9.0%) 

were nursing high school graduates, 98 respondents (44.3%) graduated from a nursing 

vocational school, 79 respondents (35.7%) bachelors in nursing. Meanwhile, 24 respondents 

(10.9%) were educated at the level of the nursing professional program. From the aspect of 

tenure, 32 respondents have worked for less than 1 year (14.5%), 74 respondents have worked 

1-5 years (33.5%), 74 respondents have worked for 6-10 years (35.3%), and 37 respondents 

have worked for 6-10 years (35.3%), and 37 respondents worked for more than 11 years (16%). 

The last aspect is the employment status of respondents, 111 respondents have worked as a 

contract nurse (50.2%) and 110 have worked as a permanent nurse (49.8%). 
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1. Evaluation of Outer Models 

This research used reflective and formative indicators. Convergent validity was intended to test 

the correlation between indicator scores to measure constructs (Latan, &Ghozali, 2012). Based 

on the results of reflective measurement, it was known that all indicators had a loading factor 

score higher than 0.60 and a significant p-value with a score smaller than 0.05. Thus, it can be 

said that the indicators measuring these variables are valid. Organizational culture is measured 

by seven indicators where the human orientation indicator (X4) produces the largest loading 

factor, where it is 0.980> 0.6. Thus, it can be concluded that the human orientation indicator 

(X4) is the most dominant in measuring organizational culture variables with a representation 

level of 98%. 

Meanwhile, the formative model validity test was intended to determine whether an indicator 

was valid or not in measuring formative latent variables. Testing the validity of the formative 

model was indicated by the size of the probability value. An indicator was declared valid if the 

probability value was smaller or equals to the level of significance (Alpha (α) =5%). Based on 

the results of the analysis and measurement model of the formative model of job satisfaction, 

all the indicators measuring the job satisfaction variable produced a probability value smaller 

than the level of significance (Alpha (α) =5%). Thus, the indicator was declared valid or able 

to measure job satisfaction variables. Job satisfaction was measured by two indicators, where 

both indicators produced the same weight value (equally dominant), which was equal to 0.512. 

This value indicated that intrinsic satisfaction and extrinsic satisfaction measure job satisfaction 

positively. This means that the higher the intrinsic satisfaction and extrinsic satisfaction the 

more job satisfaction will increase. 

a) Convergent validity and reliability 

The Average Variance Extracted (AVE) score indicates that all reflective constructs have an 

AVE greater than 0.05. It showed that all indicators had met the specified standards so that the 

convergent indicators are valid and met all convergent validity requirements. Furthermore, to 

test the reliability, Cronbach alpha and composite reliability were used. The test criteria are if 

the composite reliability is greater than 0.7, and Cronbach's alpha is greater than 0.6, then the 

construct is declared reliable. 

Table 1. Measurement model of organizational culture validity.Convergent Validity and 

Reliability (Reflective Model) 
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Table 2: Evaluation of the Measurement Model (Formative Model Validity Testing). 

Variable 
Indicators Weight P value 

Job satisfaction Intrinsic Job Satisfaction (Y1) 0.512 <0.001 

Extrinsic job satisfaction (Y2) 0.512 <0.001 

 

b) Discriminant validity 

The discriminant validity test was carried out by considering the cross-loading value and the 

square root of Average Variance Extracted / AVE. Based on the previous table, it can be seen 

that all the indicators that measure the constructs have a higher cross- loading score for each 

construct ( Innovation and Risk Taking : 0.969 >0.60, Paying Attention to Details : 0.916 >0.60, 

Result Orientation : 0.965 >0.60, Individual orientation : 0.980 >0.60, Team orientation : 0.969 

>0.60, Aggression : 0.963 >0.60, Stability : 0.949 >0.60. AVE : 914 >0.50. Thus, it can be said 

that they are valid. The Square Root score of AVE obtained from each construct is higher than 

the correlation score between constructs and other constructs in the same column. The result 

indicated that the discriminant validity requirement was fulfilled. So in other words, seven 

indicators that measure organizational culture variables are: innovation and risk-taking, 

Variable Indicator Loading 

Factor 

P value AVE Composite 

Reliability 

Cronbach 

Alpha 

>0.6 

Value Standard   

>0.60 

 

<0.05 >0.50 

 

>0.70 

 

0.984 

Organization 

culture 

Innovation and Risk 

Taking (X1) 

0.969 <0.001  

 

914 

 

 

0.987 

 

Paying Attention to 

Details (X2) 

0.916 <0.001  

Result Orientation 

(X3) 

0.965 <0.001  

Individual 

orientation  (X4) 

0.980 <0.001  

Team orientation 

(X5) 

0.949 <0.001  

Aggression (X6) 0.963 <0.001  

Stability (X7) 0.949 <0.001  
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attention to detail, result orientation, individual orientation, team orientation, aggressiveness, 

and stability can be declared valid. 

Table 2. Table Cross Loading Indicator Score 

Indicator X1 X2 X3 X4 X5 X6 X7 

X1.1 0.838 0.051 -0.095 -0.031 -0.128 0.034 0.046 

X1.2 0.680 0.034 -0.062 -0.147 0.338 -0.128 -0.157 

X1.3 0.874 0.046 -0.035 0.161 -0.226 0.006 0.095 

X1.4 0.778 0.040 0.108 -0.081 0.101 0.059 0.064 

X1.5 0.756 -0.090 0.084 -0.064 0.149 0.003 -0.023 

X1.6 0.872 -0.080 0.005 0.110 -0.134 0.005 -0.053 

X2.1 -0.099 0.877 -0.072 -0.025 0.110 0.121 0.002 

X2.2 0.084 0.838 0.033 -0.046 0.007 0.144 -0.004 

X2.3 0.022 0.737 0.047 0.083 -0.139 -0.307 0.002 

X3.1 0.026 0.048 0.872 0.065 -0.070 0.104 0.042 

X3.2 0.092 0.092 0.796 0.071 -0.014 0.111 0.084 

X3.3 -0.051 -0.161 0.789 -0.097 0.059 -0.303 -0.176 

X3.4 -0.074 -0.051 0.805 -0.067 0.160 -0.027 -0.031 

X3.5 0.004 0.061 0.853 0.022 -0.121 0.096 0.071 

X4.1 -0.059 0.000 0.018 0.718 -0.130 -0.030 0.019 

X4.2 -0.040 0.078 -0.005 0.886 -0.047 -0.016 0.006 

X4.3 0.085 -0.018 0.014 0.864 0.083 -0.031 -0.053 

X4.4 0.066 -0.118 -0.020 0.776 0.047 0.083 0.020 

X4.5 -0.052 0.042 -0.006 0.898 0.030 -0.002 0.012 

X5.1 -0.203 0.036 -0.215 0.058 0.709 -0.086 -0.370 

X5.2 0.077 0.172 0.012 0.066 0.785 -0.038 0.113 

X5.3 0.213 -0.154 0.162 -0.087 0.740 0.055 0.075 

X5.4 -0.105 -0.066 0.033 -0.040 0.709 0.071 0.166 

X6.1 -0.041 -0.079 -0.036 0.016 0.076 0.848 -0.074 

X6.2 0.080 0.007 -0.050 -0.056 0.107 0.870 -0.046 

X6.3 -0.040 0.071 0.085 0.040 -0.182 0.869 0.119 

X7.1 0.054 0.007 0.061 0.061 -0.024 -0.039 0.912 

X7.2 -0.007 -0.030 -0.048 -0.024 0.034 0.029 0.963 

X7.3 -0.046 0.024 -0.010 -0.035 -0.011 0.008 0.932 

Remarks: Numbers in Bold = Loading Factor and numbers not in Bold are the correlation 

coefficient between indicators and other variables. 

Structural Model Evaluation Result (Inner Model) 

Structural model evaluation could be done by looking at the R-squared score (R2), predictive 

relevance, and the Goodness of Fit Model. Based on the data process by using Warp – PLS 7.0, 

the inner model was used to see the correlation among constructs, significant score, and R 
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square of the research model, evaluated structural model by using R -square for t-test dependent 

construct, and significance of structural path parameter coefficient. Here is the figure of the 

hypothesis test by using SEM Warp – PLS. 

2. Structural Model Evaluation Result (Inner Model) 

Evaluation of the structural model can be done by looking at the R squared (R2) score, Q-Square 

predictive relevance (Q2) in the Goodness of fit Model. The goodness of fit model is used to 

determine the ability of endogenous variables to explain the diversity of exogenous variables, 

or in other words, to determine the magnitude of the contribution of exogenous variables to 

endogenous variables. In this study, the Goodness of fit Model in PLS analysis was done using 

R-Square and Q-Square predictive relevance (Q2). So, based on the Goodness of fit Model R-

square, the variable job satisfaction is 0.821 (82.1%).  

This can indicate that the diversity of job satisfaction variables can be explained by the variables 

of innovation and risk-taking, attention to detail, result orientation, individual orientation, team 

orientation, aggressiveness, and stability by 82.1%. In other words, organizational culture 

indicators influence job satisfaction of 82.1%, while the remaining 17.9% is the contribution of 

other variables that are not discussed in this study. Then the Q square of the job satisfaction 

variable is worth 0.812. This suggests that innovation and risk-taking, attention to detail, result 

orientation, individual orientation, team orientation, aggressiveness, and stability have strong 

predictive power for job satisfaction. 

Table 3: Goodness of Fit Model Evaluation 

Endogenous Variables 
R Squared Q Squared 

Job satisfaction 
0.821 0.812 

 

3. Hypothesis Test 

To evaluate the structural relationship between Latent variables, the next stage is testing the 

hypothesis on the path coefficient between variables. Hypothesis testing aims to test the 
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influence of exogenous variables on endogenous variables. The test criteria state that if the 

probability is smaller or equals to the level of significance (Alpha (α)=5%) then it can be said 

that there is a significant effect of exogenous variables on endogenous variables (Solimun, 

Fernandes and Nurjannah, 2017). Here is the figure of the hypothesis test by using SEM Warp–

PLS and Path diagram (Linear) of the influence of organizational culture on job satisfaction. 

Fifure 1. Linear of the influence of organizational culture on job satisfaction 

From the path diagram findings above, it can be seen that the R square value shows how much 

variation in job satisfaction of nurses can be explained by the seven indicators of organizational 

culture. The R square value is 0.63 which means that the linear regression explains 63% of the 

variance in the data. The important statistical findings in this study reveal that there is an 

influence of organizational culture on job satisfaction (Beta = .0.80, p <0.1). This means that 

the higher the organizational culture, the higher the job satisfaction will be. 

 

 

Figure 2.Structural Model (Inner Model), The influence between organizational culture and 

job satisfaction. Innovation and Risk Taking (X1), Paying Attention to Details (X2), Result 

Orientation (X3), Human Focus (X4), Team Focus (X5), Aggression (X6), Stability (X7).F 2I: 

job satisfaction : Intrinsic Job Satisfaction (Y1), Extrinsic job satisfaction (Y2). 
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Table 3: The hypothesis of the influence between organizational culture and job satisfaction. 

Exogenous Variables Endogen Path Coefficient SE P Value 

Innovation and Risk Taking (X1) Job satisfaction 
0.162 0.065 0.007 

Paying Attention to Details (X2) Job satisfaction 
0.112 0.066 0.046 

Result Orientation (X3) Job satisfaction 
0.198 0.065 0.001 

Individual orientation (X4) Job satisfaction 
0.224 0.065 <0.001 

Team orientation (X5) Job satisfaction 
0.111 0.066 0.047 

Aggressiveness (X6) Job satisfaction 
0.162 0.065 0.007 

Stability (X7) Job satisfaction 
0.197 0.065 0.001 

 

Based on the table above, it can be seen that the structural model of the effect of innovation and 

risk-taking, attention to detail, result orientation, individual orientation, team orientation, 

aggressiveness, and stability to job satisfaction are as follows: 

Job Satisfaction: 0.162 X1 + 0.112 X2 + 0.198 X3 + 0.224 X4 + 0.111 X5 + 0.162 X6 + 0.197 

X7. 

X1. The effect of innovation and risk-taking on job satisfaction produces a probability of  P 

Value = 0.007. The test results indicate that the probability is smaller than the level of 

significance (Alpha (α) = 5%). This means that innovation and risk-taking have a 

significant effect on job satisfaction. The path coefficient of the influence of innovation 

culture and risk-taking on job satisfaction is 0.162, which states that organizational culture 

has a positive and significant effect on job satisfaction. This means that better innovation 

and risk-taking tend to increase job satisfaction. 

X2. The effect of attention to detail on job satisfaction produces a probability of P Value = 

0.046. The test results indicate that the probability  is smaller than the level of significance 

(Alpha (α) = 5%). This means that attention to detail has a significant effect on job 

satisfaction. The coefficient path of the influence of attention to detail on job satisfaction 

is 0.112, which states that organizational culture has a positive and significant effect on 

job satisfaction. This means that the higher the attention to detail, it tends to increase job 

satisfaction. 
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X3. The effect of result orientation on job satisfaction produces a probability of P Value =  

0.001. The test results indicate that the probability is smaller than the level of significance 

(Alpha (α) = 5%). This means that result orientation has a significant effect on job 

satisfaction. The path coefficient of the influence of the result orientation on job 

satisfaction is 0.198, which means that organizational culture has a positive and significant 

effect on job satisfaction. This means that the better the result orientation tends to increase 

job satisfaction. 

X4. The effect of individual orientation on job satisfaction produces a probability of P Value =  

less than 0.001. The test results indicate that the probability is smaller than the level of 

significance (Alpha (α) = 5%). This means that individual orientation has a significant 

effect on job satisfaction. The path coefficient of the influence of people orientation on job 

satisfaction is 0.224, which means that organizational culture has a positive and significant 

effect on job satisfaction. This means that the better the individual orientation tends to 

increase job satisfaction. 

X5. The effect of team orientation on job satisfaction produces a probability of P Value = 0.047. 

The test results indicate that the probability is smaller than the level of significance (Alpha 

(α) = 5%). This means that team orientation has a significant effect on job satisfaction. The 

path coefficient of the influence of team orientation on job satisfaction is 0.111, which 

means that organizational culture has a positive and significant effect on job satisfaction. 

This means that the better the orientation of the team tends to increase job satisfaction. 

X6. The effect of aggressiveness on job satisfaction produces a probability of P Value = 0.007. 

The test results indicate that the probability is smaller than the level of significance (Alpha 

(α) =5%). This means that aggressiveness has a significant effect on job satisfaction. The 

path coefficient of the influence of aggressiveness on job satisfaction is 0.162, which 

means that organizational culture has a positive and significant effect on job satisfaction. 

This means that the higher the aggressiveness tends to increase job satisfaction. 

X7. The effect of stability on job satisfaction produces a probability of P Value = 0.001. The 

test results indicate that the probability is smaller than the level of significance (Alpha (α) 

=5%). This means that stability has a significant effect on job satisfaction. The path 

coefficient of the influence of stability on job satisfaction is 0.197, which means that 

organizational culture  has a positive and significant effect on job satisfaction. This means 

that the higher the stability tends to increase job satisfaction. 
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4. Dominant Influence.  

The final stage in this research is to evaluate the most dominant variable between the exogen 

and endogen variables. Exogenous variables that have a dominant influence on endogenous 

variables can be identified through the largest total coefficient without paying attention to the 

signs of positive or negative coefficients. The result of the analysis shows that the indicator that 

has the largest total coefficient of the orientation variable for the individual is the job 

satisfaction variable with a total coefficient of 0.222. Thus, job satisfaction is a variable that 

has the most dominant influence on individual orientation. 

 

Eksogen Endogen 
Total Coefficient = Path 

Coefficient 

Innovation and Risk Taking (X1) Job satisfaction 
0.162 

Paying Attention to Details (X2) Job satisfaction 
0.112 

Result Orientation (X3) Job satisfaction 
0.198 

Individual orientation (X4) Job satisfaction 
0.224 

Team orientation (X5) Job satisfaction 
0.111 

Aggression (X6) Job satisfaction 
0.162 

Stability (X7) Job satisfaction 
0.197 

 

Discussion and Conclusion. 

The results of the study showed that the first hypothesis in this study, whether organizational 

culture has a positive and significant effect on nurses' job satisfaction. The findings were proven 

to support the first hypothesis (Setiawan, Absah, &Silalahi (2020); Darmayanti, 2019); 

Syukrina, Kartikowati, &Setiawan, (2019). The organization is formed from a complex system 

where activities are directed towards achieving goals (Gudono, 2012). Good and professional 

management is part of the organization's life cycle in achieving its goals. As long as the hospital 

is still able to continue to improve its performance, the hospital would be able to survive in the 

increasingly tight global competition. The success rate of a hospital in carrying out all activities 

to achieve goals effectively and efficiently is highly dependent on the performance of its human 

resources in carrying out hospital activities through the use of optimal information systems and 

cooperation. 
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Furthermore, as previously discussed, the aspects of measuring organizational culture consist 

of seven indicators. According to the statistical findings in the study, the seven indicators of 

organizational culture have a positive and significant effect on job satisfaction. The first 

indicator of measurement is innovation and risk-taking. Innovation and risk-taking are the 

extents to which employees are encouraged to be innovative and to be courageous to take risks. 

Innovative and taking risks are related to the formation of ideas and solutions for the problem 

as an element of employee innovative work behavior. On the other hand, the final step in the 

innovative process is to develop support for new ideas and solutions, so they become embedded 

within the organization (Carmeli, Ravit & Weisberg, 2006).  

Based on the findings in this study, innovation and risk-taking have a significant effect on job 

satisfaction. This means that the employees, especially the nurse’s understudy, always produce 

solutions to the problems at hand, In line with Jafri (2010), with his research, "Organizational 

Commitment and Innovative Employee Behavior: Studies in the Retail Sector''. He suggests 

that knowledge can be used to create new ideas and that these  ideas as innovative can be used 

as building blocks for developing and delivering excellence and/or processes in other effective 

workplace services. 

The next indicator of organizational culture is attention to detail. Attention to detail is the extent 

to which employees are expected to show precision and analysis at work. Precision in work is 

needed to prevent mistakes and make it easier to achieve success in the workplace. The findings 

in this study indicate that attention to detail has a significant effect on job satisfaction. This 

illustrates that nurses work according to procedures that prioritize aspects of accuracy in the 

analysis and according to predetermined work procedures. The findings were proven to support 

(Annur & Martono, (2017); Alvi, Hanif, Adil, Ahmed, & Vveinhardt, (2014).  

Furthermore, employees who work by prioritizing the use of attention to detail, always use all 

their sensory and cognitive resources to paying attention to the conditions that occur by 

listening, paying attention to details, and taking actions that change the course of events. In 

other words, it is similar to the level of alertness to things or unexpected events, and taking the 

necessary action can be easy and quick (Piven, et al., 2007). With the level of alertness that all 

employees have, it is hoped that early signs or weaknesses of the nursing service system and 

other problems in the organization can be more easily analyzed, so that the problem-solving 

process does not escalate into a bigger problem. Thus, it does not change the performance and 

productivity of service delivery from the hospital. 
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The next indicator of organizational culture is outcome orientation. The statistical results in this 

study has found that outcome orientation has a positive and significant effect on job satisfaction. 

This finding means that nurses are required to complete work correctly, on time, and accurately, 

but they are still accompanied by support from various hospital management parties.  

This finding follows the theory stated by Robbin & Judge (2012) that Outcome Orientation is 

an effort to what extent management focuses on results, not on techniques and processes used 

to achieve results. However, there is an element of motivation in it. On the other hand, Outcome 

Orientation does not only affect job satisfaction but also as a variable that positively influences 

organizational performance (Bima, 2017). 

Furthermore, according to the findings, statistics in people-orientation research have a 

significant effect on job satisfaction. The findings were proven to support (Bima, (2017); 

(Winasih, Nursalam, & Dian K, (2015). In this study, a people-oriented hospital culture upholds 

the value of justice, mutual support, individuals respect rights, and the most important thing is 

orientation efforts towards human resources whose management decisions take into account of 

the effect on employees. Otherwise, it is also true for nurses to emphasize good service to 

patients since satisfaction with the hospital management policies that successfully manage the 

cultural values of the hospital will affect performance and productivity. The successful 

management of company organizational culture will relate to and affect job satisfaction, job 

enhancement, productivity, and organizational commitment (Hayuningtyas, 2017). 

The next indicator in measuring organizational culture is team orientation. This study has found 

that the team orientation is positive and significant towards job satisfaction. The findings were 

proven to support (Winasih, Nursalam, & Dian K, 2015). Thus, this illustrates that nurses have 

emphasized the importance of teamwork in completing their work, in other words, nurses work 

more on team orientation than individual orientation.  

The importance of teamwork makes employees interact with each other and coordinate their 

work to complete specific goals. Therefore, a team can be classified as a complex entity 

(Utomo, 2010). Ideally, a team has strong members in their respective areas of expertise needed 

to complete a project, so that teamwork is not slowed down by the skill-gap of team members 

(Zwell, 2000: 33-34). 

The discussion of the results of further research is Aggressiveness which is the sixth indicator 

in measuring organizational culture. The statistical findings show that Aggressiveness has a 
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positive and significant effect on job satisfaction. The findings were proven to support 

(Winasih, Nursalam, & Dian K, (2015; Annur & Martono, (2017); McKinnon, Harrison, Chow, 

& Wu, (2003). The findings of this research  illustrate that the level of demands on nurses to 

act aggressively, to compete, and not to be relaxed is very good, so it can be stated that job 

satisfaction can positively influence individual behavior which facilitates organizations in 

developing competencies and gaining competitive advantage (Scott-Cawiezell et al., 2005). 

Furthermore, the last indicator of measuring organizational culture is stability. Stability in this 

study is the extent to which organizational activities focus on emphasis and defense on the 

status quo of the hospital. The statistical findings in this study has found that there is a positive 

and significant effect of stability on job satisfaction. This indicates that the activity of the 

hospital organization is already good in maintaining the status quo and the growth of the 

organization. The findings were proven to support (Winasih, Nursalam, & Dian K, (2015); 

Annur & Martono, (2017); McKinnon, Harrison, Chow, & Wu, 2003). 

From the explanation above, it can be concluded that organizational culture is complex. The 

characteristics of organizational culture according to Robbins (2012) consist of: (1) Innovation 

and risk-taking, conditions in which employees are encouraged to innovate and take risks at 

work, (2) Attention to details where employees are expected to be able to predict and be able 

to carry out analysis as well as attention to detail, (3) result orientation in which the leadership 

is more oriented towards work results than work processes, (4) human resource orientation, 

management decisions that consider the effect on employees, (5) team orientation, i.e. the work 

of nurses that focuses more on team orientation than individual orientation, (6) Aggressiveness, 

in which employees are aggressive and more competitive oriented than cooperative orientation, 

and (7) Stability where organizational decisions and actions emphasize more on maintaining 

the status quo. 

Based on the findings in this study, organizational culture has a positive effect on job 

satisfaction. This study tries to understand the values of organizational culture represented by 

seven indicators of organizational culture that affect employee job satisfaction. An important 

finding in this study is that all indicators of organizational culture have a positive impact and 

affect job satisfaction.  In ther words, the higher the organizational culture, the more likely it is 

to increase job satisfaction. Kim (2002) and Arthur and Rousseau (1996) in their research 

revealed that components of organizational culture such as opportunities and its existence to 

grow and develop, increase employee job satisfaction. A good reputation value from the 
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organization also affects employee job satisfaction, which is in line with the findings of Lievens 

(2007) who also found that the management and management of organizations that respect and 

value their employees are some of the important factors in shaping individual job satisfaction 

and the willingness to stay in the organization. 
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Impact of Solid State Fermentation in Animal Nutrition-a 

Review 

Roukaya Ghorbel1, Hatice Basmacıoğlu Malayoğlu2 

Abstract 

Feed prices is one of the most important constraint facing farming systems. Due to the 

fluctuation in price and constant raising feed prices, nutritionists have been searching 

alternative feed sources; especially agricultural based byproducts due to its huge nutritious 

potential which can make it an efficient way to improve animal production. Replacement of 

traditional feed sources with alternative sources in animal diets can alleviate human-livestock 

competition for feeds sources (e.g., soybean, wheat and corn), support the valorization of 

alternative local feed sources for animal production and help lower the price of feedstuff.  

However, the use of this alternative feeds comes with some limitations. The abundance of anti-

nutritional factors is mainly reducing nutrient digestibility and there by restricting animal 

performance and feed utilization.  To overcome this limitations, solid-state fermentation (SSF) 

has been reported as a great solution, actually it is utilized to boost nutrient bioavailability, limit 

gut pathogenic bacteria and decrease anti-nutritional factors in alternative sources. The use of 

SSF can improve the nutritive composition of feed, therefor the inclusion of SSF fermented 

products has a positive effect on animal performance, gut morphology and microbiota, carcass 

quality, animal hem-biochemical status and rumen fermentation of animals and poultry birds.  

This review aims to describe solid state fermentation (SSF) as a promising new method 

indicating the nutritional value of the solid-state fermented products, SSF’s effects on feed 

digestibility along with gut health, health status and ultimate performance of ruminants and 

birds. 

Keywords: Solid State Fermentation, Alternative Feed Sources, Agricultural Byproducts, Plant 

Feed Ingredients Anti-Nutritional Factors. 
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1. Introduction 

By 2050 it is expected that the global population will expanse to approximately 10 billion 

people. Due to this worldwide growing population, there is an increasing demand for animal 

based products (meat and egg) thus emphasizing the importance of applying novel and efficient 

strategies to improve animal productivity [1-3]. The major constraints facing farming system 

are; shortage in feed resources, lower feed quality and raising feed cost [4]. In commercial 

farming, the production of feed can reach up to more than half of the production cost [5]. Due 

to fluctuation and constant rising in global feed prices, nowadays there is a tendency towards 

exploring alternative or unconventional feed ingredients in animal production industry. Which 

encouraged the search for substitutes such as agricultural by products (wheat bran, corn straw, 

rice bran...) [2] and under-utilized plant feed ingredients (rapeseed meal, canola meal, 

cottonseed meal…) as alternative feed ingredients. However, this attempts are generally faced 

by several limitations. All these unconventional sources have in common some restrictions that 

can confine their incorporation levels in rations such high fiber content, low protein content, 

the presence of anti-nutritional (ANF) and toxic compounds which can reduce feed digestibility 

[6]. 

As a solution various studies has mentioned fermentation as a simple process that can be used 

to enhance the nutritional and functional properties of alternative feed. This enhancement can 

thereby enlarge their proportion in rations and gain wider acceptance in animal production 

sector especially the poultry industry. Several researches have reported that fermentation can 

improve the content of crude protein while reducing crude fiber content [7-9], different ANF 

and toxic compounds in feed ingredients [10] [11]. Next to enhancing nutritional properties, 

fermentation is also related to a low pH, significant number of lactic acid bacteria (LAB) and a 

high content of organic acids [12] [13]. It has been shown that the presence of this parameters 

can minimize pathogen pre-feeding contamination of the feed [14], it can also boost chicken 

growth [15] and gastrointestinal health [16] [17]. Fermentation has been also proved 

responsible for decreasing the lignocellulose content of agricultural by product which improve 

the accessibility of rumen’s microorganisms to carbohydrates and energy reserve [4]. Feeding 

fermented products has been majorly used in the pig nutrition for many years [13], that’s why 

there is a rising interest to try to incorporate fermented feed in broiler and duck rations to benefit 

from its positive impacts, particularly on gut health and animal performance [18-20]. Actually, 

replacing expensive conventional feedstuffs such as soybean meal or yellow corn in diets can 

be cost efficient and further enhance the use of less expensive unconventional fermented 
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feedstuffs especially in broiler nutrition [21] [9] [22]. Fermentation is a dynamic process that 

transform complex substrates into simpler compounds using microorganisms, substrates and 

environmental conditions [14]. Mostly, there are two types of techniques of fermentation, solid 

state fermentation (SSF) and submerged fermentation (SmF) [25] [23]. The SmF method 

opperates on liquid substrates such as molasses, whey, broth media and wet distillers' grains 

[16][26]. The approach of SmF is widely used in research and industry of probiotics 

propagation [27]. Unlike the SmF method, The SSF technique implys solid substrates such as 

beans or grains, soybean, rice, rice bran and wheat bran without suplementing liquid [25][21].  

To date, studies on fermented feeds specially in poultry sector have employed both SSF [21] 

and SmF methods [16] depending on the substrate types. However, because of its better yileds 

and product quality SSF has given more interest than SmF [25][27]. Not to mention that the 

high water content in SmF fermented feeds (porridge-like consistency), presents a challenge 

for poultry industry, concerning both litter quality and practical feeding [24]. 

That’s why SSF presents a promising method that can be applied to improve the nutritive 

quality of these alternative sources and widen its use. This review aims to describe the impact 

of solid state fermentation (SSF) indicating the nutritional value of the solid-state fermented 

products, SSF’s effects on animal performance and gut health. 

2.Impact of SSF on Nutrient Composition of Alternative Feed Sources 

2.1 SSF ‘S Impact on Agricultural by Products 

Agricultural crop residues and grasses have a good potential as lignocellulose materials to be 

used as alternative animal feed stuffs. Efficient use of this alternative options can provide the 

needed energy and nutrients of the animals. However, the direct application of this 

unconventional sources is restricted by some problems such as a high lignin content, poor 

protein content, lower digestibility and poor palatability which can limit their use as the sole 

animal feed. The major component of the agricultural residues is mainly lignocellulose [28]. 

These Cellulose, hemicellulose and lignin bonding to the cell wall matrix restricts the fullest 

accessibility of carbohydrates, the energy reserve, to the microorganisms inside the gut of 

ruminating animals [29]. Actually, lignin content is always developing with growing plant 

maturity and has a direct impact on neutral detergent fiber (NDF) digestibility and it has a 

correlation with other nutrient utilization [30]. That’s why it is definitely beneficial to fragment 

this lignocellulose content [31] and here comes the role of various microorganisms known for 

successfully degrading lignin transforming plant residues into nutritionally digestible animal 
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feed under SSF conditions [32-34]. Several works and various researches has evaluated and 

documented the beneficial effects of SSF on the nutrient composition of agricultural by 

products which they are summarized in table 1. 

Table 1: The effects of solid-state fermentation on the nutrient composition of agricultural by 

products. 

Reference Microorganism Agricultural by product Results 

 [29]  

Fungus 

Crinipellis 

sp. RCK-1 

Wheat straw 

Crude protein increased by 40%  

Lignin content decreased by 28.26%  

 [35] 

 

two-stage SSF 

 Bacillus subtilis 

then 

Enterococcus 

faecium 

Corn-soybean meal mixed 

feed 

Reduction in anti-nutritional factors; soybean 

antigenic proteins (β-conglycinin and glycinin), 

NDF, hemicellulose and phytic acid  

Increase in trichloroacetic acid soluble protein 

TCASP, crude protein, ash and total phosphorus  

 [36] 

Kluyveromyces 

marxianus NRRL 

Y-8281 yeast 

Olive pomace 

Decreased crude fiber by 8.56% 

Increased crude protein, fat and carbohydrate 

contents by 2.74, 2.63 and 3.57% respectively.  

Decreased tannin content by 96.75% 

Increased gallic acid by 2.8 times 

 [37] 

Beauveria 

bassiana, 

Fusarium 

flocciferum, 

Rhizodiscina cf. 

lignyota, and 

Aspergillus niger 

Olive cake 

Increased protein content of up to 94%   

Decreased phenolic compounds; total phenolic 

content up to 43%, total flavonoids content up 

to70% and total condensed tannins to 42%  

degradation of individual phenolic compounds  

 

2.2 SSF ‘S Impact on Plant Feed Ingredients 

Concerning the increasing demand for animal protein (meat and egg) by the ever growing 

human population enhance the exploration of under-utilized protein feed ingredients to meet 

the future protein requirements. A wide range of feed ingredients known to have good 

nutritional qualities for poultry feeding has been previously reported [38-40]. Among these are 

alternative protein sources such as rapeseed meal, canola meal, cottonseed meal, palm kernel 

cake and lupin flour. However, the anti-nutritional factors (ANF) present in these alternative 

protein sources may interfere with nutrient availability, cause toxicity and reduce animal 

performance [38]. These limitations prevent them from gaining wider acceptance in the poultry 

industry. SSF has been reported to be an efficient method to reduce ANF content in feed 

ingredients, e.g., lectins and trypsin inhibitors in soybean meal [41], glucosinolates in rapeseed 
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meal [10], phytate in maize [42]. gossypol in cottonseed meal [43], high concentrations of NSP 

such as mannan, xylan and cellulose in palm kernel cake [44-45] also NSP, tannins and protease 

inhibitors in lupin flour [46] and tannins, haemagglutinins and prosopine in prosopis seed meal. 

[47] 

These observations suggest that fermentation could increase the nutritive values of 

unconventional feed ingredients for broilers, by decreasing ANF content. Most fermentation 

mechanisms that reduce ANF contents are described in table 2. 

3. Impact of Fermented Alternative Feed Sources on Animal Performance and Gut 

Health   

The intestinal microbiota plays a key role in nutrition, microbiology, immunology and 

physiology of a host animal. In pig nutrition, fermented feed improves gut microbial ecosystems 

by lowering the population of enterobacteria such as coliform bacteria and salmonella in the 

gut [13]. Beneficial microbial population also produce short chain fatty acids and thus, reduce 

intestinal pH. This also creates a competitive platform serving as a natural defense barrier 

against infections and pathogenic bacteria. Fermented feeds are also characterized by high 

number of LAB and high lactic acid concentration [14].  

In fact, for broiler chickens, the microbial community and its activity in the intestine are 

influenced by diet composition. Every fermented feed ingredient has its own different benefits 

but in general it has been proved that they all has positive effect on the intestinal mucosa which 

has an important function in the digestion and absorption of dietary nutrients that’s why which 

influence broiler performance and health. 

The intestinal villus is the main site of nutrient absorption. The villus epithelial cells are 

functional cells of digestion and absorption which are very favorable in enhancing enzyme 

activity and nutrient absorption [57]. So mainly an increase in the villus height can indicate a 

better absorption and nutrient availability. So as crypt is considered to be the villus factory a 

raise in villus height/crypt depth ratio can be considered a good indicator to enhanced gut health. 

3.1. Impact of Fermented Agricultural by Products  

Many researchers explored different fermented agricultural by products and their effect on 

animal performance and gut health and suggested a positive effect of SSF fermented feed on 

performance of animals (table 3). 

Table 3. The effects of solid-state fermented agricultural by products on animal performance 
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Reference 
Fermented agricultural by 

products 
Results 

[80] Fermented wheat, barley and oat 
Improved body weight, feed intake and feed conversion 

ratio (FCR) of broilers at days 21 and 42 

[81] 
Fermented wheat straw added to 

total mixed ration 

Increased Average Daily Gain, digestibility, FCR 

decreased feed cost in Niliravi buffalo calves  

[82] 
5.0 and 10 g/kg of YFA (Yeast 

fermented feed additive)  

Increased weight gain and FCR ratio in broiler at 42nd 

days of age 

[83] 
Saccharomyces cerevisiae 

fermentation product (SFP) 

Increased milk production. Increased N conversion, 

without affecting rumen pH and Ammonia-N. Increased 

concentrations of ruminal total volatile fatty acids, 

acetate, propionate, and butyrate, with no difference in 

molar proportion of individual acids in dairy cows  

[84] Trichoderma fermented rice straw 

Increased digestibility of dry matter (DM), neutral 

detergent fiber (NDF) and acid detergent fiber (ADF) 

and nutrient utilization in Barbados Sheep 

 

Gut morphology is a great indicator of benefits of fermented products on gut health status; for 

example, an increasing in the villus height indicates an increasing in surface area which provide 

a better absorption and a better nutrients availability resultant in improvement in health status 

[114]. While, the crypt can be regarded as the villus factory, and a large crypt indicates fast 

tissue turnover with a high energy demand for new tissue generation [115]. Additional tissue 

turnover will increase nutrient requirements for maintenance; will therefore lower the efficiency 

in terms of poor growth performance of the animal.  

Several available literatures summarized in table 4 proved that solid fermented feed can 

improve gut morphometry and morphology which can thereby enhance gut health and improve 

growth performance of birds. 

Table 4. The effects of solid-state fermented agricultural by products on gut health. 

Reference 
Fermented agricultural by 

products 
Results 

[87] 

0.5% and 1.0 % fermented soybean 

hulls products with Pleurotus 

eryngii (FSHP) 

1% FSHP had higher ileum villus height 

0.5% FSHP had the highest villus height/crypt depth 

ratio  

[88] 
10% fermented wheat bran with 

Trichoderma pseudo konngii 

Decreased number of coliform bacteria in the ilea and 

caeca of broilers  
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[89] 
10% fermented wheat with 

Saccharomyces cerevisiae (FWSC) 

Increased ileal villi height 

[90] 

10% wheat bran 

fermented with Trichoderma 

pseudokoningii (FWB) 

Increased villus height and villus height/crypt depth 

ratio in the ileum  

No morphological changes or incidences of 

nonspecific pathological lesions 

[91] 

 

 

Fermented wheat bran  

by Trichoderma longibrachiatum  

Decreased coliform count 8.55 log CFU/g cecum 

content compared to diet with no wheat bran (9.51) 

and diet with 10% unfermented WB (9.55) log CFU/g 

of ceacal content. Increased Lactobacilli count (8.71 

log CFU/g cecum content) and Cellulolytic bacterial 

count (6.64 log CFU/g cecum content) in cecum of 

birds.  

 

3.2. Impact of Plant Feed Ingredients  

The intestinal mucosa plays a major role in protecting the sterile internal milieu from hostile 

luminal contents and it defends against harmful dietary substances and pathogens and has 

crucial functions in the digestion and absorption of dietary nutrients [8]. Moreover, gut 

microflora plays a vital role in maintaining gut health of poultry birds. In broilers, lactic acid 

bacteria belong to aboriginal microbe in the gastrointestinal tract [92-94] in addition lactobacilli 

can inhibit the growth of putrefactive and pathogenic bacteria. 

For better understanding of SSF mechanism and effects on animal performance and gut health, 

most of the researches concerning feeding solid fermented plant feed ingredients are collected 

and summarized in table 5.  

Although determining an exact and general effect of fermented plant feed ingredient on animal 

performance and gut health is difficult because it depends of different factors such fermentation 

process, used microorganism, fed animal and composition of plant feed and inclusion 

percentage in ration… But these findings suggest that feeding solid fermented plant feed 

ingredients can influence the growth of intestinal epithelial cells, increase the surface area of 

the intestinal mucosa for nutrient absorption, improve the efficiency of nutrient utilization and 

thereby enhance animal performance in broiler chickens. 

4.Conclusion 

In summary, it seems that Solid-state fermentation as a low-cost bioprocessing technique for 

improving the nutrient quality of alternative sources such as agricultural by products and plant 

feed ingredients. It is evident that the dietary inclusion of the aforementioned SSF plant protein 
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sources can improve performance, nutrient digestibility, intestinal microflora and intestinal 

morphology. The overall observed variation in term of nutrient composition and growth 

performance indicates that composition of SSF final product depend on source of feed, 

processing methods, type of microorganism and SSF conditions. But most studies reported that 

incorporation of SSF ingredients at the rate of 5-20% in the ration of both ruminants and non-

ruminants can have positive effect on animal health status and economics of feeding animals.  

As there is limited data on the use of SSF alternative sources in animal nutrition, more studies 

on feeding value especially nutrient digestibility and utilization are needed. This will contribute 

to the competitiveness of SSF alternative protein sources and serve as a promising channel for 

animal production sector especially the poultry industry to meet the globally increasing demand 

for animal protein in a sustainable way.Table 2. The effects of solid-state fermentation on the 

nutrient composition of plant feed ingredients. 

Plant feed Substrate Microorganism Results Reference Explanation 

Maize  
Decreased phytate 

levels 
[42] 

Microorganisms used 

during SSF produced 

phytase responsible 

for degrading 

phytates 

Cassava 

roots cassava peel 

cassava pulp 

A. charticola 

Decreased fiber 

content an increased 

protein content in 

cassava pulp 

Reduction in  cyanide 

content in roots and 

peel 

[48-49] 

 

[50- 51] 

Production of 

enzymes such as 

linamarase, 

hydroxynitrile lyase 

and cyanide 

hydratase under SSF 

conditions. Enzyme 

such linamarase is 

responsible for 

hydrolysing 

linamarin, which is a 

cyanogenic 

glucoside. So this 

enzymes help 

detoxify toxic 

compounds, such as 

cyanogenic glycoside 

compounds, 

phorbolesters and 

isothiocyanates. 

Rapeseed  meal 

L. fermentum, 

E. faecium, 

S. cerevisiae and 

Bacillus subtilis 

Reduced dry matter 

(DM) 

Decreased amount of 

isothiocyanate (a 

derivative of 

glucosinolate) from 

119 to 14 mmol/kg 

[10] 

The use of 

carbohydrate by the 

microorganisms may 

be responsible for the 

reduction in DM 

content. This decline 

in DM content and 

the potential 

production of extra 

microbial protein can 

be the cause of the 

Lactobacillus 

plantarum and 

Bacillus subtilis 

Increased crude 

protein from 37.1% 

to 58.4% 

[52] 



7. Uluslararası Öğrenci Sempozyumu 

 221 

www.internationalstudentsymposium.com 

 

 

 

Increased crude fat 

content 

Reduction in the 

levels of 

isothiocyanate from 

72.7 to14.1 mmol/kg 

increase in crude 

protein. 

 

Protease secreted by 

microorganisms 

during SSF is 

responsible for the 

partial digestion of 

large-size peptides 

and an increased 

amount of small 

peptide. 

 

The increase in fat 

content may partially 

due to a decreased 

amount of 

carbohydrate. 

Decrease in fiber due 

to fiber-degrading 

enzymes 

(hemicellulase and 

cellulase). 

 

The utilization of 

glucose and Sulphur 

moieties by microbial 

enzymes is probably 

the reason behind 

reduced content of 

glucosinolates [58-

60] [6]. 

 

The reduction in 

phytic acid can be 

attributed to 

microbial enzymes 

(phytase) produced 

during SSF. 

L. fermentum and 

Bacillus subtilis 

Increased crude fat 

content 
[53] 

Lactobacillus 

salivarius 

 

 

Increased crude 

protein content from 

41.2% to 42.2% 

Reduced crude fibre 

by 15.8% 

Decreased 

glucosinolates from 

22 to 13.6 mmol/g 

[54-56] 

 

Bacillus subtilis, 

Candida utilis and 

Enterococcus faecalis 

Increase in crude 

protein content from 

42.11% to 44.63%. 

Reduced crude fiber 

content. Increased the 

size of small peptides 

(less than 600 Da. 

Reduced Tannins 

from 1.32% to0.84% 

[57] 

 

A. niger 

 

Declined crude fat 

content 

Decreased fiber 

fractions (NDF, ADF, 

hemicellulose and 

lignin). Increased 

small peptide content. 

Reductions in: 

glucosinolates from 

41.91 to 23.86 

mmol/g, 

isothiocyanate from 

2.48 to 1.10 mg/g, 

oxazolidithione from 

1.88 to 1.04 mg/g ;  

phytic acid from 

2.66% to 0.37% 

[61-62] 

Cottonseed  meal 

Bacillus subtilis BJ-1 

Increased crude 

protein content from 

46.5% to 50.5% 

Reduced crude fat 

content 

Reduction in free 

gossypol from 0.82 to 

0.21 g/kg 

[63] 

[9][65] 

Bacillus subtilis can 

produce highly active 

protease, lipase and 

amylase to degrade 

complex 

carbohydrates in 

plant, increase 

nutrient digestibility 

and provide more 

nutrition to animals 

[72].  Lipase 

produced by Bacillus 

subtilis can degrade 

C. utilis 
Reduced crude fiber 

content 
[66] 
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 Decreased free 

gossypol from 90 to 

30 mg/kg 

lipids into small 

particles and reduce 

crude fat content. The 

reduction in free 

gossypol can be due 

to the binding of free 

gossypol to protein or 

amino acids produced 

by microorganisms or 

due to microbial 

enzymes degrading 

gossypol. 

Bacillus subtilis ST-

141 and 

Saccharomycetes N5 

Reduced dry matter 

content Increased 

crude protein from 

49.8% to 51% 

Reduced crude fiber 

content 

[67] 

Palm  kernel cake 

Trichoderma 

longiobrachiatum 

Increased crude 

protein content from 

18.76% to 32.79% 

[68] 

The production of 

proteolytic enzymes 

by microorganisms is 

responsible of the 

increase in crude 

protein content. The 

reduction in NDF, 

ADF, crude fiber, 

hemicellulose and 

cellulose content is 

due to the presence of 

different types of 

cellulolytic and 

hemicellulolytic 

enzymes such as 

cellulase, xylanase 

and mannanase. 

Reduced crude fat 

content is due to lipid 

hydrolysis catalyzed 

by fungi produced 

lipase during the SSF 

process. According to 

[71] the technique 

used for oil extraction 

or the processing 

efficiency can 

influence the nutrient 

composition of the 

final substrate 

obtained after SSF. 

A.niger and Rhizopus 

oryzae 

Increased crude 

protein content from 

18% to 27% 

[69] 

P. polymyxa and 

P.curdlanolyticus. 

Decreased NDF, 

ADF, crude fiber, 

hemicellulose and 

cellulose content 

[44-45] 

A. niger, A. oryzae 

and A. awamori 

Reduced crude fat 

content 
[70] 

Lupin flour 

C. utilis 

 

 

Complete removal of 

RFO 

Decreased phytic acid 

content 

[72-73] 

 

Changes in nitrogen 

free extracts or 

protein fractions can 

be the cause of 

fluctuant crude fat 

content. [78] 

Raffinose family 

oligosaccharides 

(RFO) are not broken 

down in the gut of 

non-ruminants due to 

the absence of a-1,6-

galactosidase enzyme 

in the small intestine. 

Lactobacillus spp. 

Decreased crude fiber 

content 

Reduced fat content 

Decreased phytic acid 

content 

Reduced tannin 

content 

[74] 



7. Uluslararası Öğrenci Sempozyumu 

 223 

www.internationalstudentsymposium.com 

multi-preparation of 

S. 

cerevisiae, E. 

faecium, L. 

plantarum, L. 

buchneri and L. casei 

bacteria. 

Reduced crude fat 

content 

Increased crude fiber, 

NDF and ADF 

contents 

Increased crude 

protein content from 

38.23% to 41.32% 

Complete removal of 

RFO 

Decreased phytic acid 

content 

[75-76] 

As a result, RFO 

that’s why they can 

induce gases leading 

to abdominal pains, 

interfere with nutrient 

absorption and cause 

diarrhea [79]. During 

SSF different types of 

produced hydrolases 

can degrade the 

oligosaccharides into 

simple sugars. SSF is 

also responsible for 

enhancing the activity 

of native enzymes 

(phytase and tannase) 

which can 

disintegrate insoluble 

organic complexes 

with minerals. 
S. cerevisiae 

Increased crude 

protein content 

from 38.59% to 

50.08% 

Decreased phytic acid 

content 

[77] 

Table 5. The effects of solid-state fermented plant feed ingredients on animal performance and 

gut health. 

Fermented 

Substrate 
Microorganism Results Reference Explanation 

Fermented 

Rapeseed  

meal 

L. fermentum, E. 

faecium, S. 

cerevisiae and 

Bacillus subtilis 

Improved body weight gain 

(BWG) and feed conversion ratio 

(FCR) in broiler chickens. 

Higher total tract apparent 

digestibility coefficients for DM, 

energy and calcium on d 42. 

Increased nutrient digestibility 

Higher total number of LAB in 

the colon and caeca with 10% 

inclusion during the starter and 

finisher phases. 

Improved villus height and the 

villus height to crypt depth ratio 

in the ileum and jejunum 

Enhanced growth of lactobacilli 

in the colon and ceca 

[10] 

The improvements in performance can 

be attributed to reductions in ANF 

(glucosinolates and other 

compounds),upgrade in nutrient 

quality and increase in lactic acid 

bacteria (LAB) population during SSF 

improving gut health of broiler 

chickens. 

 

But [60] suggested that despite the 

reduction in glucosinolate and fiber 

broiler chickens cannot be fed more 

than 10%. 

 

SSFCM during the starter phase 

without adverse effect on 

performance. However, during d 29 to 

35, broilers can be fed up to 30% 

SSFCM without any negative effect 

on performance. [10] mentioned that 

fermented feed induced a balanced 

microbial population lead a healthy 

intestinal tract resulting in better 

control of intestinal pathogen. 

 

Actually low pH, high LAB 

population, low enterobacteria 

Lactobacillus 

plantarum and 

Bacillus subtilis 

Replacement of soya bean meal 

SBM at 33%, 67% and 100% 

concentrations in diets of 

ducklings at the ages of 15 to 45 

d with no negative effect on 

BWG and FCR. 

[52] 

L. fermentum and 

Bacillus subtilis 
Over the 42-d growth period, 

inclusion of 5% and 10% had 
[11] 
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 better FCR and BWG compared 

to 15% inclusion. 

Improved villus height and the 

villus height to crypt depth ratio 

in the ileum and jejunum 

population (Salmonella and coliform 

bacteria) and high lactic or acetic acid 

concentration prove the beneficial 

effect of fermented rapeseed meal on 

the intestinal microflora of broiler 

chickens. [6] 

Lactobacillus 

salivarius 

 

 

Declined BWG with dietary 

inclusion of 20% and 30% 

fermented canola meal SSFCM 

in broiler diet during d 1 to 28 

30% inclusion did not show any 

adverse effect on BWG, FCR and 

FI from d 29 to d 35 

[56] 

Bacillus subtilis, 

Candida utilis 

and Enterococcus 

faecalis 

Enhanced small intestinal 

structure and function in broiler 

chickens 

[57] 

A. niger 

Superior average daily gain 

(ADG) and FCR for pigs 

Improved in vitro total amino 

acid by 5.87%, and essential 

amino acid digestibility by 6.69% 

units 

[61] 

Fermented 

Cottonseed  

meal 

Bacillus subtilis 

BJ-1 

 

Superior BWG with inclusion of 

8% over a period of 42 d 

Higher BWG with inclusion of 

4% and 8% at 21 d. 

Increased LAB population in the 

caecal digesta of broiler chickens 

at d 21 and 42. 

Decreased Coliform bacteria 

counts in the caeca at d 21 

shifted intestinal microbiota with 

a more homogenous population 

and increased colonization of 

LAB 

Increased villus height in the 

duodenum and linearly elevated 

villus height and the villus height 

to crypt depth ratio in the 

jejunum at d 21. 

Improved the activities of 

amylase and protease in the 

intestine. 

Improved jejunal villus height at 

d 42. 

[63-65] 

Improved performance is mainly 

associated to improved nutrient 

quality of cottonseed meal in addition 

to the elimination of ANF after SSF. 

The effect of FCSM on the intestinal 

microflora of broiler chickens is most 

likely due to the existence of LAB 

(either live or dead cells) after SSF. 

This finding suggests that feeding 

FCSM results in improved intestinal 

morphology and healthier animals 

which can be attributed to: 1) a direct 

relationship between intestinal 

microflora and gut health. The 

increased LAB population could 

inhibit the colonization of pathogens 

such as coliform bacteria and reduce 

the incidence of their negative effects 

on intestinal structure and tissue, 2) 

the breakdown of large proteins into 

small peptides after SSF of cottonseed 

meal and 3) the reduction of free 

gossypol in SSCSM [95-96] 

The positive effects of using FCSM as 

an alternative protein source is evident 

as it could improve gut health and 

performance of broiler chickens 
Bacillus subtilis 

ST-141 and 

no significant change in ADG 

and ADFI between d 1 to 42 and 

d 22 to 42 

[67] 
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Saccharomycetes 

N5 

Increased LAB population in the 

caecal digesta of broiler 

Greater Lactobacilli counts in 

ceacal digesta 

Fermented 

Palm  

kernel 

cake 

 

Inclusion superior of 20% in 

starter broiler diets reduced feed 

intake, BWG and feed efficiency 

[97] 
The improvement in broiler 

performance could be attributed to the 

degradation of NDF, ADF, crude fiber 

and NSP by cellulolytic bacteria 

during the SSF process. The increase 

in crude protein and amino acid 

digestibility can be due to the 

reduction of NDF, ADF, crude fiber, 

hemicellulose, cellulose and NSP 

during SSF. 

The reduction in ANF by SSF might 

not have been sufficient to induce any 

growth-promoting effects in the 

intestine of broiler chickens. These 

observations suggest that 15% SSPKC 

can be included in starter broiler diets 

while up to 30% can be used at the 

finisher phase without negative effects 

on performance. 

The inclusion of up to 30% FPKC at 

the finisher phase can be effective 

without negative effects. [100] 

P. polymyxa and 

P.curdlanolyticus. 

Improved nutrient digestibility 

with inclusion of 10% or 15% 

Lower Ileal enterobacteria counts 

with inclusion of 15% at 21 d. 

Higher Lactic acid bacteria count 

with inclusion of 15% at 42 d 

no significant differences in 

villus height and crypt depth of 

the small intestine (duodenum, 

jejunum and ileum) of broiler 

chickens at the starter or finisher 

phases. 

Increased apparent ileal 

digestibility of crude protein and 

amino acid .Improved 

performance with inclusion of 

15%. 

[18][98-

99] 

Fermented 

Lupin 

flour 

C. utilis 

 

 

Increased apparent 

protein digestibility, body mass 

gain and protein efficiency ratio 

in rats in comparison with raw 

lupin flour 

[72] 
In practice, fermentation of lupin flour 

appears to be possible 

with promising results. However, no 

study to date has documented 

performance data of broiler chickens 

fed either fermented or solidstate 

fermented lupin flour as a protein feed 

ingredient.In addition, only few 

studies have focused on the use of 

fermented lupin flour in 

animal nutrition. Improvement in 

protein digestibility may be attributed 

to increment in crude protein content 

and reduction in ANF (e.g. phytic acid 

and RFO) of fermented lupin flour. 

Pediococcus 

acidilactici 

Better BWG and feed utilization 

in Wistar rats 
[101] 

flour fermented 

with a multi-

preparation of S. 

cerevisiae, E. 

faecium, L. 

plantarum, L. 

buchneri and L. 

casei bacteria 

Improved digestibility of crude 

protein and many essential amino 

acids in pigs, but there was no 

data on performance 

characteristics. 

[75-76] 
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Abstract 

Nanofibers are promising candidates for skin tissue engineering and wound healing applications 

due to their high specific surface and similarity to extracellular matric (ECM). Many researchers 

have been performed on these exciting structures. However, there was no study related to 

morphology's effect on cell growth behavior. In this study, nanofibers with random, 

unidirectionally, and radially aligned morphologies are produced. Their chemical and physical 

properties were characterized using SEM, FTIR, XRD, and DSC experiments. The biological 

performance of the nanofibers was investigated using MTT assay and cell morphology studies. 

Results of this study showed greater physical and biological properties for radially aligned 

nanofibers which makes the excellent candidate for wound healing applications due to the 

guided cell growth on this type of nanofiber.  

Keywords: Nanofiber, Morphology, Tissue Engineering, Biomaterials. 

 

1. Introduction 

Wound dressings are tissue engineering scaffolds that help the healing process of wounds, such 

as burns, cuts, trauma, and diabetes [1]. The design of these dressings will differ depending on 

the type of wound [2]. As a result, numerous researchers have investigated different scaffolds 

with varied physical or chemical properties to discover the optimal one for each wound [1, 3]. 

Nanofiber scaffolds are widely used as wound dressings due to their ease of production, high 

specific surface, processability, and high resemblance to skin extracellular matrix (ECM) [4]. 
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Nanofibers have been used to repair burn and diabetic wounds [5]. 

The nanofibrous structure can be optimized for the specific final application by changing the 

biopolymers and production technique. The first well examined technique is the use of a 

combined biopolymer scaffold [5, 6]. Natural biopolymers are biocompatible, biodegradable, 

hydrophilic but exhibit poor mechanical properties and resistance to aqueous environments [7]. 

While synthetic biopolymers have excellent mechanical properties, resistance to aqueous 

media, and an easier production process, they possess lesser biocompatibility, biodegradability, 

and hydrophilicity compared to natural biopolymers. Therefore, a combination of the 

mentioned biopolymers is suggested so that each segment's positive features cover the negative 

points of the other one [8]. For instance, Sharahi et al. produced scaffolds containing 

lignocellulosic nanoparticles synthesized from walnut shells with PCL and gelatin for tissue 

engineering applications [9]. In another study, Ranjbar et al. Investigated the properties of 

keratine / polyvinyl alcohol and PCL for skin regeneration [10]. Hivechi et al. examined the 

effect of cellulose nanocrystals in PCL/gelatin nanofibers for wound healing applications [11].  

So far, various methods have been reported for nanofibers production, most of which have led 

to nanofibers with random morphology. The other way to change the properties of nanofibers 

is to manipulate the fiber surface morphology. Novel techniques have been developed recently 

to give a particular alignment to nanofibers. This alignment can be in one direction or radially 

aligned. According to recent publications, cell growth, as well as biological responses, are 

influenced by physical characteristics such as morphology and surface roughness [12, 13]. For 

example, Cooper et al. investigated the cellular compatibility of aligned PCL-chitosan 

nanofibers for nerve tissue engineering and revealed that aligned nanofibers effectively promote 

cell growth compared to random nanofibers[14]. Some studies, including the study of Refaaq 

et al., have shown that changing surface topography can influence cell migration [15]. Many 

studies have shown that surface topography may affect cell behavior such as proliferation and 

stem cell differentiation. Also, nanofibers' alignment and even diameter could be effective on 

approximately all cell behaviors and properties. Xie et al. showed that aligned nanofibers of 

poly (L-lactic acid) compared with aligned microfibers and random fibers have a significant 

advantage on proliferation and osteogenic differentiation in bone marrow mesenchymal stem 

cells [16]. In another study, Xu et al. showed that the combination of chemical signals with 

biophysical signals from aligned nanofibers has a synergistic effect on human dermal fibroblast 

and human umbilical vein endothelial cells differentiation and resulted in extracellular matrix 

protein expression from human dermal fibroblasts and angiogenic growth factors expression 
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from endothelial cells. Furthermore, their study showed that not only these effects could be 

demonstrated in vitro but also cells that received biophysical and chemical signals 

synchronously can enhance wound healing in vivo [17]. Studies indicated that fibers alignment 

leads to cell alignment and increases the expression of genes related to focal adhesion and 

cytoskeleton [18].      

Radially aligned morphology is a recently introduced nanofiber design that is used in 

biomedical applications. For the first time, Xie et al. fabricated radially aligned PCL nanofibers 

using a collector composed of a central point and peripheral ring electrode. They reported that 

the cells grew from the outermost part of the nanofibrous scaffold to the center of this construct 

[19]. Shim et al. fabricated radially aligned fibrous scaffolds coated with polydopamine for 

guiding directional migration of human mesenchymal stem cells [20]. In another study, Kim et 

al. Fabricated 3D electrospun scaffold suitable for treating ocular tissues injury due to the 

hemispherical shape and radially aligned nanofibers which can guide the direction of the main 

collagen and cellular actin filament in the extracellular matrix [21]. 

Although there is plenty of research on morphology effect on cell growth behavior, to date, no 

study has compared the wound healing process when nanofibers with different morphologies 

are applied. In this article, nanofibers with random, unidirectionally, and radially aligned 

morphology will be produced. Then their physical characteristics will be investigated using 

scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), 

differential scanning calorimetry (DSC), and X-ray diffraction (XRD). Moreover, their 

biological properties, such as biocompatibility and degradation behavior, will be studied. We 

hypothesis that radially aligned nanofibers will have the same chemical composition but 

different physical properties. In addition, we believe that the nanofiber alignment will influence 

faster fibroblast cell growth and a shorter healing process. 

2. Materials and methods 

2.1. Materials 

All chemicals in this study were analytical grade. Polycaprolactone (PCL) (MW=80000 Da), 

penicillin-streptomycin solution, trypsin, and methylthiazolyldiphenyl-tetrazolium bromide 

(MTT) were purchased from Aldrich. Phosphate-buffered saline (PBS) tablet, acetic acid, 

dimethyl sulfoxide (DMSO), potassium bromide (KBr) were provided from Merck. The fetal 

bovine serum (FBS) was bought from Bioidea. 
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2.2. Nanofiber fabrication 

In this research, nanofibers with random, unidirectionally, and radially aligned morphology are 

produced. The same polymer solution was used for the electrospinning procedure of above 

mentioned nanofibers. PCL granules were dissolved in 90% acetic acid at a concentration of 

15% (w/v) and mixed for 6 hours to get a homogeneous polymer solution. For random 

morphology, the polymer solution was transferred into a 10 ml syringe (19 G) and electrospun 

at 17 kV, 0.9 ml/h feeding rate, and 16 cm needle tip to collector distance. The unidirectionally 

aligned nanofiber was also produced using the same electrospinning parameters on a rotating 

collector (2000 rpm). The radially aligned nanofibers are produced using a special collector 

design that contains a central point and a peripheral ring electrode. This type of nanofiber was 

electrospun at 15 kV, 0.5 ml/h feeding rate, and a needle tip to collector distance of 10 cm. 

2.3. Nanofiber characterization 

2.3.1. Scanning electron microscopy (SEM) 

First, a small piece of each sample was mounted on an SEM sample holder using carbon glue. 

Then, Bal-tec equipment was used to sputter a thin gold layer onto nanofibrous samples. The 

morphology of the electrospun nanofibers was analyzed using a Seron AIS2100 SEM at 5 kV 

accelerating voltage and ≈12 cm working distance. The average diameter of nanofibers was 

determined using Image J image analysis software. 

2.3.2. Fourier transform infrared spectroscopy (FTIR) 

The samples were ground into small pieces using a ceramic porcelain pestle and mortar, then 

mixed with KBr salt and pressed into tablets. These tablets were then mounted in a Thermo 

Nicolet NEXUS 670 FTIR spectroscope. The FTIR spectrum was then recorded in 

transmittance mode from 400-4000 cm-1 wavenumber, with 40 scans conducted for each 

sample. 

2.3.3. Differential scanning calorimetry (DSC) 

About 5 mg of each sample was placed in a sealed DSC pan and transferred into a DSC 2010 

TA instrument. The samples were heated at a rate of 10 °C/min from 0 to 90 °C. They were 

then kept at 90 oC for 10 minutes to remove the polymer's thermal history. Finally, they were 

cooled to 0 oC at a rate of 10 oC/min. 

2.3.4. X-ray diffraction (XRD) 

The crystalline structure of the electrospun nanofibers with different morphologies was 
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investigated using X-ray diffraction measurement. First electrospun meshes were detached 

from the collector and placed in an X-ray sample holder, and the spectrum was recorded using 

Inel Equinox 3000 XRD equipment. The X-ray diffraction pattern was recorded from 5o to 80o 

in reflectance mode using a Cu Kα beam (λ of 1.54 Å) at a step width of 0.25o min-1. 

2.4. Nanofiber biological properties 

2.4.1. MTT assay 

L929 cell line was used for MTT assay. Nanofiber mats were placed in 96 well plates after 

sterilizing in a UV light chamber for 2 hours and submersion in 70% (v/v) ethanol for 30 

minutes. Then 100 µl of 3 × 103 cells maintained in cell culture media (DMEM, 10% FBS, 100 

U penicillin/streptomycin) were seeded in each well. Samples were incubated at 37 ºC, 5% CO2, 

and 95% relative humidity, and the culture medium was changed every 48 hours. After 

incubation for 1, 3, and 7 days, the culture medium was removed, and 100 µl MTT solution 

(0.5 mg/mL) was added to each well and incubated at 37º C for 4 Hours. The MTT dye reacts 

with cells and produces formazan precipitates. Then 100 µl DMSO was added to each well after 

removing the MTT solution. Optical density was measured using a spectrophotometer. The cell 

viability was then calculated using the following equation 1. 

(%) 100c

c

O O
Cell viability

O


   

                                  

(1) 

Where O and Oc are the respectively average optical density for the examined substrate and 

control sample. This experiment was replicated three times. 

2.4.2. Cell culture  

Scanning Electron microscopy (SEM) was used to examine the morphology of the cultured 

cells. Electrospun mats were placed in 24 well cell culture plate after sterilization. Then 1 × 104 

fibroblast cells were seeded on each mat. Afterward, Plate was incubated at 37º C, with 95% 

relative humidity and 5% CO2 for 24 hours. Then culture medium was removed, and cells were 

fixed using 2.5% (v/v) glutaraldehyde aqueous solution at 4 ºC overnight. Finally, 

glutaraldehyde was discarded, and samples were washed using distilled water to remove 

unreacted chemicals or salt precipitates. Then samples were dried in a freeze drier at -80 oC 

overnight. 
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3. Results and discussion  

3.1. Nanofiber characterization  

Low magnification SEM images were recorded from different sites of radially aligned 

nanofibers (Figure 3). These results are confirming the successful fabrication of nanofibers with 

radial alignment. The polymer solution is first stretched to the collector’s central point due to 

the applied high voltage. The produced fiber is then stretched again due to the collector design, 

and one end will be placed on the central point, and the other will be located on the circular 

electrode. That is why most of the polymer is located on the central point.  

 

Figure 3. Low magnification of produced radially aligned nanofibers on the collector. 

Figure 4 demonstrated the micrographs of produced random, unidirectionally, and radially 

aligned nanofibers. The average diameters were respectively 240±45 nm, 257±65 nm, and 

226±64 nm. According to the statistical analysis, there was no significant difference between 

groups. However, the least diameter was observed in the radially aligned sample, while the 

random and unidirectionally aligned nanofibers exhibited almost the same diameter. The 

smaller nanofiber diameter in the radially aligned sample is due to the extra applied tension 

during the electrospinning process. 
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Figure 4. SEM images of (a) random, (b) unidirectionally, and (c) radially aligned 

nanofibers. 

The functional groups of produced samples were analyzed using FTIR spectroscopy shown in 

Figure 5. At first observation, all spectra appeared to have the same characteristic peaks; 

however, their intensity varied amongst samples. This difference in peak intensity could be due 

to test discrepancies, such as the amount and homogeneity of the material in each FTIR 

measurement. Furthermore, no changes in chemical structure were detected because all peaks 

were observed without any significant shifts in wavenumbers. The peaks observed at 2947 cm-

1 ( C-H stretch sp3 asymmetric), 2866 cm−1 (C-H stretch sp3 symmetric), 1730 cm−1 (C=O 

stretch ester), 1468 cm−1 (CH2 bending oop), 1365 cm−1 (CH3 bending oop), 1294 cm−1 (C-O 

and C-C stretch in crystalline phase), 1240 cm−1 (C-O-C stretch asymmetric) and 1174 cm−1 

(C-O-C stretch symmetric) are confirming the molecular structure of the PCL polymer. 

 

Figure 5. FTIR spectrum of random, unidirectionally, and radially aligned PCL nanofibers 

The crystalline structure of the produced nanofibers with different morphologies was 

investigated using X-ray diffraction (Figure 6). There were minor variations (±0.3) in peaks 

because of differences in sampling or measurement procedure. All samples showed a similar 

pattern with two peaks at 21.2o and 23.6o related to the (110) and (200) Miller plans. We could 
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not evaluate the crystallinity using X-ray patterns since we could not access a perfectly 

crystalline PCL sample. Therefore, we used a method reported by Hivechi et al. in which the 

peak ratio (equation 2) is used to relatively compare the amount of crystalline phase. 

2 21.2 2 22.7

2 22.7

I I
Peak ratio

I

 



 




  (2) 

For random, unidirectionally, and radially aligned nanofibers, the peak ratios were 4.29, 5.78, 

and 7.29, respectively. This result indicates that random nanofibers have the least crystallinity, 

while the radially aligned samples showed the highest crystalline phase. During the 

electrospinning process, the fibers are drawn due to the electrostatic forces. In the 

unidirectionally aligned sample, extra mechanical tension is applied to nanofibers due to 

collector rotational speed, resulting in a higher drawing rate and further polymer alignment, and 

a higher crystalline phase. In the radially aligned sample, the electrostatic force is applied to 

fibers in two stages, first from the nozzle to the collector and second from the central point to 

the outer circular electrode. Therefore they are drawn twice during the fiber fabrication. This 

has resulted in a higher possibility of crystalline phase formation. The local folding of 

molecular chains forms a crystallite aligned along the fiber axis when the solvent evaporates 

for the electrospinning process. Iwata et al. reported that PCL chain folding occurred along the 

[110] and [010] growth planes in a PCL lamellar single crystal, as it does in other aliphatic 

polyesters, and the polymer chains were mostly aligned perpendicular to the crystal's base plane 

[22]. In particular, The following is a description of the crystalline structure of electrospun PCL 

nanofibers: (1) The molecular chains in the crystallites, as well as the crystallites themselves, 

are highly orientated along the fiber axis. (2) The nanofibrils in nanofibers are produced by 

crystallites aligned along the fiber axis. (3) A single nanofiber is composed of a large number 

of nanofibrils. 
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Figure 6. X-ray diffraction patterns of random, unidirectionally, and radially aligned PCL 

nanofibers 

The thermal properties of produced nanofibers were evaluated using DSC, and their curves are 

illustrated in Figure 7. The obtained data from these curves are given in Table 4. Random PCL 

nanofibers showed a melting point (Tm) at 56.8 oC with melting enthalpy (Hm) of 49.7 J/g. The 

crystalline volume can be calculated according to equation 3. 

(%) m
c o

m

H
X

H
 ×100 

(3) 

Where Xc(%) is the percentage volume of the crystalline phase, and Hm
o is the melting enthalpy 

of perfectly crystalline PCL. Sheikholeslami Kandelousi et al. has reported that Hm
o for PCL is 

136 (J/g) [23]. The crystalline volume is calculated based on this value, and results are reported 

in Table 4. On the other hand, the melting point is representative of crystal size. In other words, 

a higher melting temperature indicates a larger crystal size. According to the results, the 

unidirectionally aligned nanofibers are showing the same crystalline volume as the random 

sample. But the onset (Tmo) and final (Tmf) melting points were respectively 50.8 oC and 59.2 

oC. This observation shows that crystal sizes are more uniform in this sample compared to 

random. This phenomenon could have happened due to applied mechanical tension during the 

nanofiber fabrication. The thermal behavior in radially aligned samples was different from 

unidirectionally aligned and random samples. The melting enthalpy showed that 50% of the 

sample is composed of a crystalline phase. This has happened due to the double electrostatic 

tension mentioned earlier. Moreover, we observed two melting points in this sample: the first 

at 56.8 oC and the second at 58.5 oC. We believe the first melting point is related to the polymers 
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located on the central and outer circular electrodes. While the second melting point, which is 

stronger, can be related to the nanofibers between electrodes. Thus, we can conclude that this 

sample is composed of two sites with small and larger crystal sizes.  

 

Figure 7. DSC curves of random, unidirectionally, and radially aligned PCL nanofibers 

Table 4. Melting point (Tm), onset (Tmo), and final (Tmf) temperatures of melting process for 

random, unidirectionally, and radially aligned PCL nanofibers. The percentage of crystalline 

phase were calculated based on melting enthalpy (Hm) obtained from DSC curves. 

Sample Tmo
 (oC) Tm

 (oC) Tmf
 (oC) Hm (J/g) Xc (%) 

Random 50.3 56.8 59.8 49.7 36.5 

Unidirectionally aligned 50.8 56.7 59.2 48.2 35.4 

Radially aligned 51.7 56.8, 58.5 60.2 59.6 43.8 

 

3.2. Nanofiber biological properties  

The biocompatibility of the nanofibers at different time intervals is tested using the MTT assay, 

and its results are reported in Figure 8. According to earlier research articles, groups with lesser 

cell viability than 80% are classified as toxic; otherwise, the sample will be biocompatible. 

According to the results, all samples were biocompatible, except the random nanofibers on the 

first day of cell culture. This phenomenon could have happened due to weak cell attachment to 

PCL nanofibers in the first stages of cell growth. This hypothesis can be confirmed by increased 

cell viability for random nanofibers after 3 and 7 days. Both nanofibers with alignment showed 

superior cell compatibility compared to random nanofibers. Based on the statistical analysis, 
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unidirectionally and radially aligned nanofibers showed significantly stronger cell viability. 

This observation confirms our initial hypothesis that alignment plays an essential role in cell 

growth and proliferation. Besides, there was a significant improvement in the number of cells 

after seven days of cell culture compared to the first and third days. This finding confirms the 

successful cell growth over time, which enables the application of nanofiber membranes as a 

wound dressing.  

 

Figure 8. Cell viability results for random, unidirectionally, and radially aligned PCL 

nanofibers obtained from MTT assay. The horizontal dashed line shows the cell viability for 

the control sample. The significantly different groups from the control samples are illustrated 

on each bar with * (p<0.05), ** (p<0.01), and *** (p<0.001). Samples and days with 

significant differences are demonstrated by *, **, and ***. 

The effect of nanofiber morphology on cell attachment was studied using SEM images of 

cultured cells on nanofiber samples (Figure 9). According to the results, cells are adequately 

attached to all nanofiber structures due to nano dimensions and high specific surfaces. However, 

their shape and the covered area were significantly different for random, unidirectionally, and 

radially aligned morphologies. The number of cells was much lesser in random nanofiber, but 

plenty of cells were observed in a similar area for aligned nanofibers. These results were 

analogous to MTT assay findings that showed higher cell biocompatibility for aligned samples. 

The average area covered by each cell was respectively 38991, 109563, and 127143 µm2 for 

random, unidirectionally, and radially aligned nanofibers. These findings were analogous to the 

MTT assay that demonstrates better cell attachment and growth on aligned nanofibers. 

Therefore this can be concluded that nanofiber alignment can significantly influence cell growth 

behavior. 
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Figure 9. SEM images of cultured cells on (a) random, (b) unidirectionally, and (c) radially 

aligned PCL nanofibers. 

4. Conclusion  

In this article, we successfully produced PCL nanofibers with random, unidirectionally, and 

radially aligned morphologies. The chemical characterization showed that there is no 

significant difference in their chemical structure. However, their physical properties, such as 

crystallinity and thermal behavior was influenced by the electrospinning technique. Results 

from DSC and XRD studies indicated that radially aligned nanofiber exhibits higher crystalline 

portion and thermal behavior, which is essential for biomedical applications. Moreover, 

biological studies also showed better performance of aligned nanofibers that can promote cell 

attachment and growth. Therefore results of this study suggest aligned nanofibers for wound 

healing applications.  
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Traditional Use of Catharanthus Roseus in Comoros Islands and 

Its Therapeutic Effects  

Souandaou Athoumani Ali1 

Abstract  

Comoros Islands have undiscovered rich biodiversity of medicinal plants. Due to the high cost 

and side effects of artificial new pharmaceutical products and chemically produced drugs, the 

therapeutic effects of plant-derived bioactive compounds have attracted great interest. 

Catharanthus roseus occupied an important place in the novel medicinal particularly in some 

severe diseases like cancer, diabetes, etc. The therapeutic effects of this plant have been shown 

in several in vitro and in vivo studies. Most of these studies were  made on many patients and 

most of this research has underlined its antioxidant antimicrobial, anticancer, antidiarrheal, 

antidiabetic activities. This study aimed to examine the traditional uses and therapeutic effects 

of Catharanthus roseus in Comoros. 

Keywords: Catharanthus Roseus, Bioactive Components, Therapeutic Effects, 

Pharmacological Effects, Comoros. 

 

1. Introduction 

Catharanthus roseus is an evergreen herbaceous plant belonging to the family Apocynaceae, 

native to Madagascar. This herbaceous plant grows to 80 cm to 1 m high and blooms 

continuously year-round with pink, purple, or white flowers. This plant is also found in 

Comoros and, in other tropical and subtropical areas of the world [1]. C. roseus or Madagascar 

periwinkle is a decorative and curing plant of enormous pharmaceutical interest because it 

possesses more different bioactive compounds (alkaloids, flavonoids, terpenic, etc), some of 

which exhibit strong and important pharmacological activities [2]  
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Figure 1. Image of Catharanthus roseus species 

Catharanthus roseus (L.) has been used traditionally to treat many pathologies, such as 

pancreatic pain, colitis, chest pain, heartburn, and gastritis. This plant is linked to several 

beneficial characteristics, such as antidiabetic, bactericides, antimicrobial and antihypertensive 

activities. Phytochemical studies of this species showed that Catharanthus roseus contains 

many alkaloids such as vindoline I, vindolidine II, vindolicine III, vindolinine IV as well as 

vinblastine and vincristine [3]. The main point of interest is focused on the terpenoid indole 

alkaloids, of which more than 130 have been discovered. For example, anhydrovinblastine, 

vinblastine, and vincristine are from the genus Catharanthus, and these are already in use in 

cancer treatments [5]. Currently, vinblastine, vincristine, vinorelbine, and vindesine from C. 

roseus have been used in clinical trials [1]. 

The archipelago of the Federal Islamic Republic of Comoros is composed of 3 important 

islands. They are located at the northern end of the Mozambique Channel and stretch across 

from 670 km southeast of Tanzania to 320 km northwest of Madagascar [6]. The mixture of 

African Bantu and Arab-Muslim has given this region of the world a diverse and rich 

knowledge of traditional medicine. The conservation of this knowledge is based on oral 

transmission from one generation to the next. Most Comorian people live in rural areas. Poverty 

and difficult access to a modern health care system has led them to develop their own health 

system based on natural products. The cultural background of these people, being a mix of 

African Bantu and Arab-Muslim, gave this region of the world a diversified and rich knowledge 

when it comes to traditional medicine [7]. 
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The mixture prepared from C. roseus’s leaves is an excellent wound healer and also relieves 

the wasp sting pain. It can stop bleeding, thereby quickening the healing process. Several 

studies showed also that periwinkle is useful in bringing relief from depression, headaches, and 

weariness [2]. In addition, C. roseus also produces ajmalicine and serpentine, which are 

monoterpene indole alkaloids used as anti-hypertensive and anti-neuro-inflammatory agents, 

and vindolicine used for the development of antidiabetic therapeutics [1]. 

This study was aimed to examine the bioactive components, the therapeutic effects, and the 

pharmacological effects of Catharanthus roseus, which found in Comoros. 

2. Methodology 

In this study, traditional and therapeutic uses of Catharanthus roseus in Comoros are examined 

by a questionnaire release in some Comorian people. In addition, we made also a  research on 

the therapeutic and pharmacological effects in the world of this medicinal plant on some 

websites. To found the best articles we were researching the words "Comoros", "Traditional 

uses", "therapeutic effects", "Catharanthus roseus" in PubMed, Google Scholar, and Web of 

Science.  

A questionnaire was created with the results obtained from medicinal plants experts. The 

Participants of this survey were selected for their knowledge of the use of medicinal plants. 

About 100 people were invited to this survey and 80 of them filled out the form. 

3. Results and Discussion 

In this study, we aimed to examine the traditional and therapeutic uses of  Catharanthus roseus 

in Comoros. Catharanthus roseus is an evergreen herbaceous plant native to Madagascar. It  

has been used traditionally to treat many pathologies, such as pancreatic pain, colitis, chest pain, 

heartburn, and gastritis [2] [3] [5].  

According to the information obtained from medicinal plants experts, Catharanthus roseus (L.) 

can be used traditionally as a medicinal plant in 10-12 different forms against several diseases 

in Comoros. The most common of these are hypoglycemia, anticancer, anti-diarrheal, 

antimicrobial, anti-pain abdominal (pain menstruation). The characteristics of the participants 

(gender and age range) of the questionnaire conducted on this different use are shown in Table 

1. 
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Table 1. Results of survey made in the different traditional uses of Catharanthus roseus (L.) in 

Comoros. 

 

Gender 

 

Female 

 

Male 

 

 Number of participants 

 

55 (68.75%) 

 

35 (43.75%) 

 

Age range 

 

[20-29] 

 

[30-60] 

 

[25-35] 

 

[36-50] 

 

Number of participants 

 

20 (36.36%) 

 

35 (63.63%) 

 

10 (28.57%) 

 

25 (71.42%) 

 

The different uses of C. roseus in Comoros and their frequency of use (frequency > 30%) are 

shown in Figure 1. C. roseus is often used against diabetes (Hypoglycemia activity or 

antidiabetic effect=80.9%), cancer (anticancer activity =75.7%), diarrheal (anti-diarrheal effect 

=70.7%), abdominal pain (anti-abdominal pain effect=55.7%) and against viral bacterial 

diseases (antimicrobial effect =40%).  

 

Figure 2. Different traditional uses of C. roseus in Comoros (frequency > 30%) 

When we compared traditional uses of C. roseus in Comoros we observed that it is overused 

against hyperglycemia or against diabetes. Some Comorians say that this herb is very bitter, but 
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it is very useful against hyperglycemia, it lowers glycemia when the value of glycemia was 

high. The anticancer activity of C. roseus occupied second place in Comorian traditional uses. 

In recent years, C. roseus has been used for cancer and when good results have been obtained, 

the use of this plant against cancer has become widespread. This plant is also used in some 

regions against abdominal pain and diarrheal, especially during the menstrual period. However, 

some participants in the survey said that this herb is used for abortion and contains teratogen 

components, so they were advised not to use this herb in pregnant women. 

In fact, C. roseus was revealed to be a remarkable factory of bioactive compounds and over 130 

compounds have already been described to these days [8]. Every year its leaves are used for the 

extraction of the alkaloids with medicinal use (vincristine and vinblastine) [9]. 

In this way, several types of research demonstrated that C. roseus has an antidiabetic activity. 

Tiong et al. (2013) examined the hypoglycemic and antioxidant activity of vindoline, 

vindolidine, vindolicine, and vindolinine obtained from C. roseus (L.) Don leaves. These 

authors indicated that these compounds provoked a rise of glucose absorption in pancreatic or 

myoblast cells, being vindolicine the compound that showed the highest activity. In addition, 

they showed that vindolidine, vindolicine, and vindolinine had high inhibitory activity against 

protein tyrosine phosphatase-1B inhibitory activity, indicating that these compounds could be 

used for diabetes. 

The extracts of endophytic fungi isolated from C. roseus showed antimicrobial activity. The 

detected compounds with a known antimicrobial activity which include hydroxyemodin, 

citreoisocoumarin, citreoisocoumarinol, and cladosporin may have contributed greatly to the 

activity shown by the endophytic fungal extract against the test microorganisms [10].  

The ethanolic extracts from different parts of C. roseus like leaves, stems, roots, and flowers 

have been tested for antibacterial activity. The leaf extracts showed significantly higher activity, 

suggesting that bioactive compounds of C. roseus can be potentially exploited as antibacterial 

agents. However, there are few studies that demonstrate the antiviral and antimicrobial activities 

of a single alkaloid obtained from C. roseus. The antiviral effect of C. roseus was showed in 

many studies [15] [16] [17]. Özçelik et al. (2011) showed yohimbine, found naturally in 

Pausinystalia yohimbine and in C. roseus, on herpes simplex virus (type 1)  

In addition, several types of research showed that C. roseus has anticancer activity. Vinblastine 

and vincristine were the first natural drugs used in cancer therapy and are still among the most 
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valuable agents used in cancer treatment [11]. The Catharanthus alkaloids, vincristine, and 

vinblastine which were found abundantly in the leaves part of the plant inhibited the growth of 

the tumour and hence contribute to the anticancer property of C. roseus [2]. Vinblastine and 

vincristine are widely used medically to treat different kinds of cancers such as breast cancer, 

Hodgkin’s lymphoma, and leukemia. Vincristine and vinblastine are the widely used 

compounds in the pharmaceutical industry. However, other molecules such as cathachunine, 

catharanthine, vinflunine, and vinorelbine have also high potential application as anticancer 

compounds based on many in vivo and in vitro studies [2] [12].  

4. Conclusion 

Medicinal plants have always occupied an important place for years until today. The traditional 

use of medicinal plants is different in each country, ethnic and region changes from country, to 

country, from one ethnic group to another. Instead of using chemical drugs which cause side 

effects, ancient medicine could be explored to identify the novel drug formulations that are 

more effective with lesser side effects and also cheaper cost. Though many of the traditional 

drugs were used without understanding the basic mechanism, their effect could be proved 

further with the help of the present technology and tools. Catharanthus roseus occupied an 

important place in the treatment of some diseases such as cancer, diabetes, etc. A country like 

the Comoros whose flora is composed mainly of plants rich in bioactive components usable in 

pharmacology and in other branches of medicine is supposed to be exploited to contribute not 

only to health development but also to improve economically the development of this country. 
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Luminescence Characteristics of Ce, Tb and Y-Doped MgB4O7 

Synthesized by the Solid-State Synthesis Method  

Wafaa S. A. Abusaid,1   Volkan Altunal2,     Zehra Yeğingil3  

Abstract 

Magnesium tetraborate MgB4O7 doped with Yttrium (Y) Cerium (Ce), Terbium (Tb) was 

synthesized by the solid state method and calcined at 830 °C with a heating rate of 5 °C/min 

for 6 h in an oxygen atmosphere. The effect of doping with these rare earth elements on the 

luminescence properties was investigated to improve MgB4O7 phosphors for dosimetric 

applications. Thermoluminescence (TL), radioluminescence (RL) and optically stimulated 

luminescence (OSL) techniques were used to characterize the luminescence signals. 

MgB4O7:Y,Ce,Tb had two TL peaks located at around 190 and 415 °C. OSL signal was 

observed for the preheating temperature of 120 °C. The determined concentrations of Y, Ce 

and Tb dopants increased both TL and OSL intensities of undoped MgB4O7 material. Hoya U-

340 and Schott BG-39 filters were used separately in the TL measurements. The measured TL 

response was higher when Schott BG39 filter (range 330-620 nm) was used compared to Hoya 

U-340 filter (range 270-380 nm). In order to verify the feasibility for dosimetry purposes, the 

dose response and reusability characteristics were also investigated. The obtained results 

indicated that the investigated Y, Ce, Tb-doped MgB4O7 powder samples show promising 

luminescence properties and can be considered as a dosimeter, especially in medical 

applications. 

Keywords: Magnesium Tetraborate MgB4O7, Solid State Method, Thermoluminescence (TL), 

Optically Stimulated Luminescence (OSL). 

 

1. Introduction  

The measurement of absorbed dose from ionizing radiation based on light emission by a 

phosphor is known as luminescence dosimetry. It can apply to thermoluminescence (TL), 

optically stimulated luminescence (OSL), or other photon emission processes such as 
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scintillation, radioluminescence, and radio photoluminescence [1]. 

In a perfect crystalline insulator or semiconductor, the conduction and valence bands are 

separated by a forbidden energy gap that contains no intermediate energy levels within it.  

Luminescence detectors are created by impregnating these crystals with impurities, which 

introduce energy levels inside the bandgap. During the excitation process Fig. 1(a), the absorbed 

radiation energy by a crystal promotes a number of electrons to the conduction band, leaving 

behind holes in the valence band. These charge carriers can move freely throughout their 

respective energy bands until they recombine or are captured by traps. During the stimulation 

process Fig. 1(b), the trapped charge carriers released by heat in (TL) or by light (OSL) are free 

to move through the crystal and they can recombine with the trapped hole, creating a defect in 

the excited state which relaxes to the ground state by the emission of a photon (which is known 

as luminescence) [2]. 

 

 

Figure 1. Simplified energy level diagram representing the delocalized bands (valence band 

and conduction band) and the electronic transitions in Thermoluminescent/optically 

stimulated luminescent material during irradiation (a) and readout (b) where stimulation is 

provided by heat or light. In this illustration [3]. 

 

The phenomena described above have been studied to improve luminescence materials that can 

be used as dosimeters in different fields of application of ionizing radiation like medicine, 

industry and agriculture [4]. Many materials (oxides, borates, sulfates, fluorides) display 

luminescent characteristics, making them extensively applicable radiation dosimeters. 

In recent studies, deep interest has been paid to using borate host matrix-based phosphors for 

radiation dosimetry applications because of their outstanding features such as ease of 

preparation, low synthesis temperatures, excellent thermal and chemical stability [5, 6].  
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MgB4O7 phosphor has received great interest due to its special characteristic lies in its good 

chemical and physical properties. It has a bandgap with ~10.6 eV and low effective atomic 

number Zeff = ~8.4 which is near biological tissue equivalency Zeff = 7.4, that is why it can be 

used in clinical dosimetry applications. On the other hand, MgB4O7 phosphor is not free from 

some serious drawbacks, like low sensitivity, complex TL glow curve, saturation at high 

radiation dose, fading (in sunlight) [7]. 

Many researchers have been broadly studied MgB4O7 as a host lattice by doping with elements 

such as Mn, Li, Dy, Tb, Gd, and others to optimize its luminescence properties [8, 9]. It was 

realized that lanthanides are very important fluorescent activators. A systematic study of 

MgB4O7 doped with the different lanthanide elements Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 

Tm, and Yb and alkaline elements Li, Na, and K prepared by the solution combustion synthesis 

(SCS) method, has been reported by Yukihara et al [10].  Recently, MgB4O7 doped with rare 

earths or other ions have been studied by various groups [11, 12]. The doping of rare earth (RE) 

ions in a suitable host lattice is arguably the most well-known and efficient method of obtaining 

outstanding luminescence characteristics [13, 14]. Ce3+-doped materials have mostly been 

studied to improve the efficiency of various phosphors, such as Ce-doped KYF4 [15], 

CaSiO3:Ce3+ [16], K2YF5:Ce,Tb,Dy,Tm [17], MgB4O7:Ce3+,Li+ [7], LaAlO3:Ce,Dy [18], 

Ca2Al2SiO7:Ce3+ [19], Lu2SiO5:Ce3+ [20]. It has been observed that doping RE3+ ions with 

alkaline earth metals such as Li+, Na+, and K+ has a significant impact on luminescence 

intensity, morphology, and crystallinity [21-24]. There are numerous methods for synthesizing 

magnesium tetraborate, including the combustion methods [25], sol-gel technique, wet reaction 

method (precipitation), solid-state synthesis, crystal growth (Bridgman method and Czochralski 

method) [26]. A direct comparison of precipitation and solid-state production routes used for 

magnesium tetraborate synthesis. The results showed that both methods produce MgB4O7: Dy 

efficiently; however, solid-state synthesis produces MgB4O7: Dy more sensitive to gamma 

radiation [26].  Optimal conditions for the synthesis of dosimetry-grade MgB4O7 and Li2B4O7 

crystals with the Pechini and the proteic sol–gel methods were reported by Héstia Raíssa Batista 

Reis Lima [27].  

The purpose of this work was to produce newly developed MgB4O7: Ce 0.5%, Tb 0.5%, Y5% 

phosphor synthesized by solid-state method and investigate some dosimetric properties such as 

Beta-dose response and reusability using OSL technique. In this study, the RL emission 

spectrum was obtained in the range λem = 300–700 nm after exposing the samples to X-rays of 

~20 kV. Both OSL and RL measurements indicate that the possible use of the doped MgB4O7 
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with Ce, Tb, and Y as detectors in dosimetry applications. 

2. Materials and Method 

2.1. Material Synthesis 

MgB4O7 powder was synthesized and doped using the solid-state synthesis method. MgO 

(Merck, 99.9% purity) and H3BO3 (Merck, 99.9% purity) were used as starting reactants. All 

the used dopant materials (Ce3+, Tb3+, and Y3+) were only rare earth elements. An appropriate 

amount of MgO and H3BO3 (Table 1) were thoroughly mixed by grinding them in an agate 

mortar for six hours to homogenize the mixture. The proper amounts of the precursors were 

taken in stoichiometric ratio as given in the following chemical reaction: 

MgO + 4H3BO3  heating →   MgB4O7 +  6H2O ↑ 

Then, the prepared MgB4O7 sample was annealed in a furnace (Nabertherm model P330) at 

830°C with a heating rate of 5°C/min for 4h in an oxygen atmosphere to obtain the nanocrystal 

structure of the material. The MgB4O7 powder was ground and homogenized with doping 

elements, 0.5% of cerium oxide (Ce2O3), 0.5% of terbium oxide (Tb4O7),5% of Yttrium oxide 

(Y2O3). The doped MgB4O7 powders were sintered at 830 °C for 6 h. After sintering, they were 

ground again for 30min to obtain the fine powder. The average weight of the ground solid 

sample was equivalent to about 10 mg.  

Table 1. Preparation of MgB4O7 powder 

 Reactans Products 

 MgO H3BO3 MgB4O7 H2O 

No of Moles 0.06 0.24 0.06 0.36 

Weight mass 2.418 15.5819 10.7726 6.4855 

 

2.2. Characterization Techniques 

A DA-20 model RisØ TL/OSL reader system was utilized for the TL and OSL measurements.  

A typical configuration for TL/OSL reader is presented in Fig. The samples were irradiated 

using a 90Sr-90Y beta particle source. A BG-39 filter (Schott AG, Mainz, Ger-many, 

transmission between 330 and 620 nm) and A UV band-pass filter (U-340, 7.5 mm total 

thickness, transmission in the 290-390 nm range, Hoya Corporation, Santa Clara, CA, USA) 
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were used separately in the TL measurements placed in front of the bialkali photomultiplier 

tube (PMT) unit. In OSL measurements, samples were irradiated with a 0.5 Gy beta dose. For 

the purpose of removing signals from shallow traps the previously irradiated samples preheated 

to 120 °C for 10 s. 470 nm Blue LEDs were utilized for the light stimulation for 250 s in 

continuous wave OSL mode (CW-OSL mode). TL measurements were carried out by heating 

the irradiated samples to 450 °C. In all the TL readouts, the heating rate was 2 °C/s. The doped 

MgB4O7 powders were exposed to X-rays of ~20 kV using a handmade radioluminescence 

system equipped with a highly sensitive Ocean Optics fiber spectrometer to get RL signals. 

 

 

Figure 2. Basic elements of (a) a thermoluminescent dosimeters reader and (b) an optically 

stimulated luminescent dosimeters reader [3]. 

3. Results and Discussion 

Basic TL glow curve and OSL decay curve 

The investigation of the OSL decay curve and the TL glow curve are crucial first steps in 

learning more about the product and its luminescence characteristics. To study the influence of 

rare-earth ions doping on luminescence properties, TL glow curves and OSL decay curves 

without and with doping of Magnesium tetraborate powder were recorded after giving a test 

dose of beta irradiation equal to 0.5 Gy at a rate of 10 data points per second using 200 s blue 

light stimulation. Ce, Tb and Y were used as additional dopants by concentration 0.5%, 0.5% 

and 5% respectively. 

It is found that the rare earth ions dopants increase the intensity of the whole glow curve and 

improve the performance of the luminescent phosphor as shown in Fig 3. 
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Figure 3. (a) TL glow curve (b) OSL decay curve of the 0.5 Gy irradiated undoped and doped 

MgB4O7: Ce0.5%, Tb0.5%, Y5% powder samples by CGCD technique 

In TL measurements, both Schott BG39 and Hoya U-340 filters were used interchangeably. 

The measured TL response was approximately 3 times higher in the case of using Schott BG39 

as compared to Hoya U-340. TL glow curve has two peaks in temperatures 190 and 415 °C 

while using Hoya U-340 filter TL peaks shifted to 80 and 185 °C see Fig 4. Many researchers 

have reported the TL peak locations of Ce3+ doped borate phosphors [28-31]. 
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Figure 4. TL glow curve of doped MgB4O7: Ce0.5%, Tb0.5%, Y5% powder samples using Schott 

BG39 and Hoya U-340 filters  

The optically stimulated luminescence (OSL) signal was close to the order of 105 for 0.5 Gy 

after preheating temperatures until 120 °C. In Figure 5. it can be seen that the OSL decay curve 

consisted of two parts, fast decay until 10s and slow decay up to 100s after this time of 

stimulation the signal reaches the background. Background of a non–irradiated sample was 

measured in the same conditions and subtracted from the collected data. 



7th International Student Symposium 

264 

www.internationalstudentsymposium.com/en/ 

0 20 40 60 80 100

1

2

3

4

5

6

7

8

9
 MgB4O7:Ce0.5%,Tb0.5%,Y5% _1.sample

 MgB4O7:Ce0.5%,Tb0.5%,Y5% _2.sample

 MgB4O7:Ce0.5%,Tb0.5%,Y5% _3.sample

O
S

L
 s

ig
n
a
ls

 (
x
1
0

4
) 

(a
.u

.)

 Stimulation Time (s)

preheat 120 
o
C

0.5 Gy

Hoya filter

bkg

fa
s
t d

e
c
a
y

slow decay

 

Figure 5. The experimental OSL curve of three samples of MgB4O7: Ce0.5%, Tb0.5%, Y5% 

phosphor  

Radioluminescence (RL) 

Radioluminescence (RL) spectra of undoped and doped MgB4O7 phosphor were obtained from 

350 nm up to 650nm in order to check the position and general appearance of the luminescent 

band. Fig 6. shows a very strong emission band at 550 nm and other weak emissions, the 

wavelengths corresponding to these weak emissions were determined at 490 nm, 580 nm, and 

625 nm. The RL emission band of doped MgB4O7: Ce, Tb, Y with a maximum of 550 nm was 

not observed in undoped MgB4O7 samples. 
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Figure 6. RL emissions of undoped MgB4O7, and MgB4O7: Ce0.5%, Tb0.5%, Y5% powder 

samples. 

Dosimetric characterizations 

A material must have outstanding dosimetric qualities to be accepted as a dosimeter in radiation 
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dosimetry. Researchers can learn about the material's potential use areas by studying its 

dosimetric properties. In this work, reusability and dose-response were performed to investigate 

the reliability of the MgB4O7: Ce 0.5%, Tb 0.5%, Y5% powder samples in dosimetric applications. 

Reusability is quite possibly the best highlight of a dosimeter, implying that the OSL signals 

got from the dosimeter are required to give a similar response to the repeated measurements 

under the same conditions [32]. To investigate the reusability properties, the OSL signals of 

three MgB4O7: Ce 0.5%, Tb 0.5%, Y5% powder samples irradiated with a 0.2 Gy were measured 

during 100s light stimulation. The samples were exposed to a 0.2 Gy then a preheat treatment 

at 120 ºC was used for 10 s in order to blot out any unstable signals that may be found in shallow 

traps. After each OSL reading the samples were heated to 450 ºC with a heating rate of 5ºC/s 

to remove the residual signals. This experimental procedure was repeated ten times with no 

changes. Fig 7. presents the normalized integrated OSL signal intensity to the first cycle vs the 

experimental cycles. It can be seen that under the same repeated measurement conditions, the 

samples produced almost similar OSL responses until 5 cycles, after that, larger deviations from 

the initial reading began to occur so not quite good reusability was observed from MgB4O7: Ce 

0.5%, Tb 0.5%, Y5% powder samples. 
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Figure 7. The reusability characteristics of OSL signals obtained from the 0.5 Gy irradiated 

MgB4O7: Ce 0.5%, Tb 0.5%, Y5% powder samples. The deviation area of ±5 % is shown as dark 

colored.  

One of the other desirable properties of a dosimeter is dose linearity. OSL dose response of 

MgB4O7: Ce 0.5%, Tb 0.5%, Y5% phosphor was achieved at selected dose values of 0.1, 0.2, 0.5, 

1, 2, 5, 10, 20, 50 and 100 Gy. The irradiated three samples were firstly preheated at 120 °C for 
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10 s, then OSL decay curves were obtained during blue light stimulation of 100 s at room 

temperature. To erase the residual signals that remained in the samples TL reading up to 450 

°C, 5 °C/s was recorded after each OSL reading. The total OSL signals vs absorbed dose are 

presented in Fig. 8 

A linear fitting function (y = a+bx) was applied to the obtained data. The slope values were 

evaluated and presented as an inset table in Fig. 8. According to these values, the dose response 

of MgB4O7: Ce 0.5%, Tb 0.5%, Y5% phosphor was found to be slightly linear with a slope of 1.08 

in the dose range between 0.1 and 100 Gy. 
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Figure 8. Dose-response of OSL signals obtained from the MgB4O7: Ce 0.5%, Tb 0.5%, Y5% 

powder samples. Inset table: Linear fitting parameters. 

4. Conclusions  

This study mainly investigated the effect of doping with rare earth elements (Ce, Tb, and Y) on 

the luminescence properties of magnesium tetraborate powder samples produced by solid state 

synthesis method. TL/OSL reader system was used for the TL and OSL measurements and a 

handmade radioluminescence system was utilized to obtain RL signals. The results can be 

summarized as follows: 

● TL and OSL signals obtained from Ce3+, Tb3+and Y3+ doped MgB4O7 samples are sensitive 

to radiation.   

● TL measurement using Schott BG39 gives a higher response as compared to Hoya U-340. 

TL glow curve has two peaks located at 190 and 415 °C, while using Hoya U-340 filter TL 

peaks shifted to 80 and 185 °C  

● The dosimetric properties of MgB4O7 samples have been examined for OSL dosimetry. It 

was found that the OSL signals are slightly linear in the range from 0.1 Gy to 100Gy of beta 



7. Uluslararası Öğrenci Sempozyumu 

 267 

www.internationalstudentsymposium.com 

dose and can be reusable in 5 repeating experimental cycles. 

● RL spectrum of the doped MgB4O7 has one strong emission band and four weak emissions. 

All of these emissions did not appear in the RL spectrum of the undoped MgB4O7 

According to these study results, MgB4O7: Ce 0.5%, Tb 0.5%, Y5% phosphor can be recommended 

as potential luminescent material for measuring radiation dosage. 
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Nüfus Yoğunluğu İle Tarımsal Üretim ve Tarım Politikaları 

Arasındaki Etkileşimin İncelenmesi: Çin Halk Cumhuriyeti 

Örneği  

Zureguli Halıke1,   Sibel Tan2 

Özet 

Orta Asya’da yer alan Çin Halk Cumhuriyeti, yaklaşık 1,4 milyar nüfusu ile dünya nüfusunun 

%18,5’şini oluşturarak bütün dünya ülkelerinin ilgiyle izledikleri ve sıkça hakkında 

konuştukları bir ülke konumundadır. Nüfus bakımından oldukça zengin olan Çin Halk 

Cumhuriyeti’nin kırsal nüfusu ülke nüfusunun %38’ini teşkil etmektedir. Ülkede toplam 

istihdamın yaklaşık 40 %’i tarım sektöründe çalışmakta ve bitkisel üretim, ormancılık, 

hayvancılık ve balıkçılık ile geçinmektedir. Geçmişten günümüze uygulanan feodal tarım 

sistemi, nüfus yoğunluğu ve yürütülen politikalar nedeniyle uzun süre geri kalan tarımsal 

üretim, Son yıllarda nüfus artışına bağlı olarak tarımı modernleştirme sürecinde önemli ölçüde 

değer kaydetmektedir. Bu çalışmada, küreselleşme sürecinde Çin Halk Cumhuriyeti’nin 

günümüzdeki nüfus artışı, tarımsal üretim ve uygulanan tarım politikalarının mevcut durumu 

incelenerek geleceğe yönelik çözüm önerileri sunulmuştur. Çalışmada resmi istatistik 

kaynaklardan elde edilen ikincil veriler kullanılmıştır. İkincil verilerin gösteriminde yüzde 

hesapları gibi temel istatistiksel işlemlerden yararlanılmıştır. 

Anahtar Kelimeler: Nüfus, Tarımsal Üretim, Tarım Politikaları. 

 

1. Giriş 

Nüfus, belirli bir bölgede belirli bir zaman diliminde yaşayan toplam insan sayısıdır. Nüfus 

toplumlar için en önemli potansiyel güçlerden biridir. Dolayısıyla bu gücün öneminin farkına 

varmak, onunla hangi iş ve rollerin gerçekleşeceğini bilmek toplumsal sistemin geleceği için 

çok gereklidir. Beşerî kaynakların niteliklerinin belirlenmesi ve ileriye dönük planlanması, 

kalkınma hedefleri, plan ve projeleri için önemlidir[1]. 

Dünya nüfusu 2020 yılında 7,7 milyara ulaşırken Çin nüfusu ise 1.4 milyarı geçmiş vaziyettedir. 

FAO tarafından hazırlanan bir çalışmada, dünyada nüfusunun 2050’de %34 artışla 9,1 milyara 

                                                
1 Doktora Öğrencisi. Selçuk Üniversitesi Fen Bilimleri Enstitüsü Tarım Ekonomisi Ana Bilim Dalı. 
2 Prof. Dr. Çanakkale 18 Mart Üniversitesi Ziraat Fakültesi Tarım Ekonomisi Bölümü. 
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ulaşacağı, dolayısıyla dünya nüfusunun beslenme ve istihdam sorununun tüm dünya ülkelerinin 

ve uluslararası kuruluşların öncelikli politika alanlarından birisi olacağı öngörülmüştür. Dünya 

nüfusunun yarıya yakını kırsal kesimde yaşamakta, nüfusun yaklaşık %20'i geçimini tarımdan 

sağlamaktadır.  

Yaklaşık 9.6 milyon km² yüzölçümüne sahip olan Çin Halk Cumhuriyeti 22 eyalet, 5 özerk 

bölge, 4 doğrudan yönetilen şehir ve Hong Kong ile Makao özel idari bölgesine egemendir. 

Yaklaşık 1,4 milyar nüfusu ile dünya nüfusunun %18,5’şini oluşturarak bütün dünya ülkelerinin 

ilgiyle izledikleri ve sıkça hakkında konuştukları ülke konumuna gelmeyi başarmış 

vaziyettedir. Nüfus bakımından oldukça zengin olan Çin’de toplam istihdamın yaklaşık 40 %’i 

tarım sektöründe çalışmakta ve bitkisel üretim, ormancılık, hayvancılık ve balıkçılık ile 

geçinmektedir[2]. 

Tarım, Çin ekonomisi için de önemli bir sektördür. 70 yıl önce yetersiz olan tahıl üretimi, arz-

talep bakımından dengeye oturarak yeni bir düzeye çıktı. Ülkenin tahıl üretimi 2020’de 669,490 

milyon tona ulaştı. 1949’da ise bu rakam sadece 113,18 milyon tondu. Şu an tahıl ihtiyacının 

%95’ini kendisi üretebiliyor. 2001-2018 dönemi için ithal edilen tahıl ürünlerinin %75,4’ünü 

soya fasulyesi oluşturuyor. En çok tüketilen iki ürün olan pirinç ve buğdayın ithalattaki payı ise 

yaklaşık %6 olmuş durumdadır. 

Tarım sektörü, ülkenin 1.4 milyarlık nüfusunun temel gereksinimlerini büyük ölçüde 

karşılayarak dünyadaki ekilebilir alanların sadece %7’si üzerinde dünya nüfusunun yaklaşık 

%20'sini beslemektedir. Ancak, bu büyük başarıya karşın sürekli artış gösteren nüfus 

bakımından tarımsal üretim miktarı düşüktür; birim alan başına rekolte, işgücü verimliliği ve 

kişi başına düşen tarım ürünü, hala dünyadaki ileri düzeylerin oldukça altındadır. Bu nedenle, 

tarımsal üretimin, özellikle buğday, pirinç, mısır, pamuk ve soya fasulyesi üretiminin 

artırılmasına yönelik ortak çabalar, hala ekonomik kalkınma için temel bir şart 

oluşturmaktadır[3]. Bundan yola çıkarak, bu çalışmanın amacı Çin Halk Cumhuriyeti’nin 

günümüzdeki nüfus gelişimi, tarımsal üretim ve uygulanan tarım politikalarının mevcut 

durumunu ortaya koymak ve elde edilen sonuçları göz önünde bulundurarak geleceğe yönelik 

çözüm önerileri sunabilmektir. 

2. Materyal ve Yöntem  

2.1.Materyal 

Bu araştırmada, materyal olarak ikincil nitelikteki veriler kullanılmıştır. Bu veriler Çin Halk 

Cumhuriyeti devlet istatistik kurumundan alınan resmi istatistikî veriler ve diğer araştırmacılar 

tarafından yapılmış olan araştırma sonuçları, derleme, incelemelerden elde edilen bulgulardan 

https://tr.wikipedia.org/wiki/%C3%87in%27in_eyaletleri
https://tr.wikipedia.org/wiki/%C3%87in%27deki_%C3%B6zerk_b%C3%B6lgeler
https://tr.wikipedia.org/wiki/%C3%87in%27deki_%C3%B6zerk_b%C3%B6lgeler
https://tr.wikipedia.org/wiki/Do%C4%9Frudan_y%C3%B6netilen_%C5%9Fehir_(%C3%87in_Halk_Cumhuriyeti)
https://tr.wikipedia.org/wiki/Hong_Kong
https://tr.wikipedia.org/wiki/Makao
https://tr.wikipedia.org/wiki/%C3%96zel_idari_b%C3%B6lge
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oluşmaktadır. Çalışmanın amacı nüfus bakımından oldukça zengin olan, bütün dünya 

ülkelerinin ilgiyle izledikleri ve sıkça hakkında konuştukları Çin Halk Cumhuriyeti’nin 

günümüzdeki nüfus gelişimi, tarımsal üretim ve uygulanan tarım politikalarının mevcut 

durumunu ortaya koymak ve elde edilen sonuçları göz önünde bulundurarak geleceğe yönelik 

çözüm önerileri sunabilmektir. 

2.2.Yöntem 

Araştırmada, son beş yıla ait toplanan veriler bilgisayar ortamında tablolaştırılarak, sayısal 

verilerin özelliklerine ve çalışmanın amacına uygun istatistiksel yöntemle veriler analiz 

edilmiştir.  

3. Bulgular ve Araştırmalar 

3.1. Nüfus ve Gelişim Göstergeleri 

Nüfus belirli bir bölgede, belirli bir zaman dilimi süresinde yaşayan toplam insan sayısıdır. 

Nüfus sadece sayısal veriler sunmakla kalmamakta tarihsel olarak incelendiğinde toplumsal 

değişim ve dönüşümlerin resmini çizmekte ve analizlerine imkân vermektedir. Toplumlar için 

en önemli potansiyel güçlerden biridir. Dolayısıyla bu gücün öneminin farkına varmak, onunla 

hangi iş ve rollerin gerçekleşeceğini iyi bilmek toplumsal sistemin geleceği için çok gereklidir.  

Çin’in 2016-2020 yıllar arasındaki nüfus gelişimi Tablo 1’de verilmiştir. Buna göre 2016-2020 

yıllar arasında Çin’deki nüfus sayısı sürekli artış eğilimi göstermektedir. Yine aynı yıllar içinde 

erkek ve kadın sayısında da sürekli bir artış meydana gelmiştir. Cinsiyetin toplam nüfustaki 

oranına bakıldığında; Erkek nüfusu toplam nüfusun %50’in üstünde kadın nüfusu ise %50’in 

altında eğilim göstermektedir.  

Tablo 1. Çin'de Nüfus Gelişimi (1000 kişi) 

Yıl Erkek % Kadın % Toplam 

2016 713,070 51,2 679,250 48,8 1.392,320 

2017 716,500 51,2 683,610 48,8 1.400,110 

2018 718,640 51,1 686,770 48,9 1.405,410 

2019 720,390 51,1 689,690 48,9 1.410,080 

2020 723,340 51,2 688,440 48,8 1.411,780 

Kaynak: Çin İstatistik Kurumu.2021 

 

 



7th International Student Symposium 

272 

www.internationalstudentsymposium.com/en/ 

3.1.1 Kırsal - Kentsel Nüfusun Gelişimi 

Sanayinin gelişmesi ve bu alandaki istihdam olanaklarının artması sonucunda dünya genelinde 

hızla artış gösteren kentleşme Çin'de de hissedilmektedir. Gelecekte olumsuz sonuçlarla 

karşılaşmama adına kentsel- kırsal nüfus ve işgücünün verimli bir şekilde kullanılması gibi 

hususların dikkate alınması ve korunması kaçınılmazdır. 

Tablo 2. Kırsal- kentsel nüfusun gelişimi (1000 kişi) 

Yıl Kentsel % Kırsal % 

2016 819,240 58,8 573,080 41,2 

2017 843,430 60,2 556,680 39,8 

2018 864,330 61,5 541,080 38,5 

2019 884,260 62,7 525,820 37,3 

2020 901,990 63,9 509,790 36,1 

Kaynak: Çin İstatistik Kurumu 2021 

Çin’deki kentsel ve kırsal alanda yaşayan toplam nüfus sayısı Tablo 2 'de verilmiştir. Toplanan 

verileri değerlendirildiğinde, Kentsel nüfusun kırsal nüfustan yaklaşık %27 farkla üstünlük 

taşıdığı görülmektedir. Kent nüfusu son 5 yılda 100 milyon artış göstererek 2020 yılında 901 

milyona ulaşmıştır. Kırsal nüfusta ise 65 milyonluk azalma göstermiştir. Başlıca sebebi ise iş 

olanakları ve emek karşılığının kırsaldan yüksek olması, devletin uluslararası rekabet gücünü 

artırmaya yönelik uyguladığı kentleşmeye teşvik politikası sonu olarak değerlendirilebilir. 

3.1.2.  Kırsal İstihdamın Gelişimi 

Bir ülke ekonomisinin mevcut durumu ve yapısal değişimi hakkında fikir sahibi olabilmenin 

bir yolu, o ülkedeki istihdamın yapısının değerlendirilmesidir. Tüm ülkeler için istihdam 

olanaklarının artırılması, sosyal - ekonomik refahın sağlanması açısından önem arz etmektedir. 

Nüfus bakımından oldukça zengin olan Çin’de toplam istihdamın yaklaşık 40 %’i tarım 

sektöründe çalışmaktadır. 

Şekil 1. Kırsalda İstihdam Edilen Nüfusun Gelişimi (1000 kişi) 
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Kaynak: Çin İstatistik Kurumu 2021 

Şekil 1’de görüldüğü gibi, 2016-2020 yıllar zarfında Kırsal alanda istihdam edilenlerin sayısı 

toplam istihdam edilenlerin gelişim eğilimine paralel olarak azalış göstermektedir. Son 5 yıl 

içinde kırsal istihdam 54 milyon değer kaybetmiştir. Kentsel istihdam ise nispi artış ortaya 

çıkmıştır. 

3.2. Tarımsal Üretim  

Çin'in tarımsal üretim yapısı: Tarla bitkileri üretimi, Ormancılık, Hayvancılık, Balıkçılık ve 

yardımcı sanayi kapsamaktadır. Çiftlikler hali hazırda 30 yıla kadar uzanabilen kiralık 

anlaşmalarıyla çiftçilere kiralayan köy topluluklarına aittir. Bu yarı-

özelleştirmeye hem üretkenlikte hem de üretimde bir patlama eşlik etmiştir[4]. 

Devlet ekonomisini dünyaya açmaya ve reforma etmeye başladığı 1978’den bu yana, ülkenin 

gayri safi mili hâsılası her yıl neredeyse %10 oranında arttı. Pirinç, pamuk, balık, buğday, çay, 

patates, yer fıstığı, darı, arpa, elma, yağlı tohum gibi birçok üründe dünyanın önde gelen 

üreticilerinden. Hayvancılık, balıkçılık ve su ürünleri yetiştiriciliği de Çin ekonomisinin önemli 

bir parçasını oluşturuyor [5].  

Geçmişten günümüze uygulanan feodal tarım sistemi, nüfus yoğunluğu ve yürütülen politikalar 

nedeniyle uzun süre geri kalan tarımsal üretim, Son yıllarda nüfus artışına bağlı olarak tarımı 

modernleştirme sürecinde önemli ölçüde değer kaydetmektedir. Başlıca tarımsal üretim 

çeşitleri Tablo 3’de verilmiştir. Araştırmanın bu bölümünde, Belli başlı tarımsal üretim 

çeşitlerinin üretim alanı, hasadı, kişi başına düsen miktarı ve kırsal nüfus gelir düzeyi gibi 

ekonomik değerlere yer verilmiştir. 

 

https://tr.wikipedia.org/wiki/%C3%96zelle%C5%9Ftirme
https://tr.wikipedia.org/wiki/%C3%9Cretkenlik
https://tr.wikipedia.org/wiki/%C3%9Cretim
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Tablo 3. Başlıca Tarımsal Üretim Çeşitleri 

Başlıca Tarımsal Üretim Çeşitleri 

Ormancılık  Hayvancılık  Su Ürünleri  

                     Kereste               Domuz                   Balık türü 

                     Kauçuk               İnek                   Karides 

                     Kamelya tohumu               Koyun                   Yengeç 

                Süt üretimi                   Yosun    

              Kabuklu deniz ürünleri 

Tarla bitkileri 

                    Hububat       Yer fıstığı Darı 

                    Pirinç       Pamuk Elma 

                    Buğday       Yağlı tohum Üzüm 

                    Mısır       Şeker kamışı Çilek 

                    Arpa       Patates Çay 

Kaynak: Çin İstatistik Kurumu 2021 

3.2.1. Tarla Bitkileri Üretimi 

Bitkisel üretimin içerisinde en önemli paya sahip tarla bitkileri, ülkenin birçok bölgesinde 

geleneksel üretim konumundadır. Bunlar gıda ve yem kaynağı yanında endüstriye yönelik 

önemli bir hammadde kaynağıdır. Üretim miktarı itibarıyla en önemli tarla bitkisi tahıllardır. 

Tarla bitkileri üretiminde ana ürün konumunda olan türlerin üretim alanı ve yıllık üretim miktarı 

Tablo 4’te verilmiştir. Buna göre yıllar itibarıyla ana ürünlerden tahıllar ve pirincin ekim alanı 

ile yıllık üretim miktarında paralel bir azalışın görülmesi çarpıtıcıdır. Fakat bu durum 

baklagillerde tam tersine artış göstermektedir. Yağlı tohum üretiminde nispi iniş çıkışlı gelişim 

eğilimi görülmektedir. 

Tablo 4.  Tarla Bitkileri Üretiminde Ana Ürün Gruplarının Verileri 

  Tahıllar Yağlı tohumlar Baklagiller Pirinç* 

  Alan Üretim Alan Üretim Alan Üretim Alan Üretim 

Yıl (bin ha) (bin ton) (bin ha) (bin ton) (bin ha) (bin ton) (bin ha) (bin ton) 

2015 103,225 618,180 7,028 13,859 8,433 15,130 307,84 212,14 
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2016 102,702 616,670 6,623 13,128 9,287 16,510 307,46 211,09 

2017 100,765 615,210 6,653 13,274 10,051 18,420 307,47 212,68 

2018 99,671 610,040 6,551 13,281 10,186 19,200 301,90 212,13 

2019 97,847 613,700 6,583 13,495 11,075 21,320 296,94 209,61 

                      Türkiye'de 1 hektar= 10 dönüm; Çin'de 1 hektar= 15 dönüm 

Kaynak: Çin İstatistik Kurumu 2021 (Pirinç*: referans) 

3.2.2. Diğer Tarımsal Üretim Ürün Verileri  

2015-2019 yılları arasındaki türlere göre ormancılık ürünlerinde kauçuk’un yıllık üretim 

miktarı göreceli şekilde azalış göstermiştir. Reçinede ise 2015 yılında 816 bin ton olan değer 

artış göstererek 1milyon 375 bin tona yükselmiştir. Hayvancılıkta elde edilen toplam et ürünleri 

de azalma su ürünlerinde ise nispi artış görülmektedir. 

Tablo 5. Diğer Tarımsal Üretim Ürün Verileri (Yıllık/1000 Ton) 

  Kauçuk Reçine Et Ürünleri Su Ürünleri 

Yıl Bin ton Bin ton Bin ton Bin ton 

2015 816 816 87,179 62,109 

2016 815 1,328 86,283 63,794 

2017 817 1,443 86,544 64,453 

2018 824 1,375 86,246 64,576 

2019 809 * 77,587 64,803 

Kaynak: Çin İstatistik Kurumu 2021 

3.2.3. Kişi Başına Düşen Tarımsal Üretim Miktarı  

Sürekli artış eğiliminde olan ülke nüfusunun kişi başına düşen gıda miktarının artması devletin 

yoklukla mücadele etme başarısının yanı sıra uluslararası rekabet üstünlüğünü korumasında 

oldukça önemli bir etkendir. Tablo 6’da başlıca ürünlerin yıllık kişi başıma düsen miktarı 

sunulmuştur. Yıllar itibarıyla kişi başına düşen temel gıda miktarı(477kg), pamuk(4,1kg), şeker 

kamışı miktarında(84kg) pek bir fark görülmemiştir. Pamuk miktarının az olması oldukça 

çarpıtıcıdır. Kişi başına düşen meyve miktarı (179kg-126kg) azalım göstermiştir. Ancak 

sebzelerde kişi başına düşen değer yıllar itibarıyla artış göstermiştir. 



7th International Student Symposium 

276 

www.internationalstudentsymposium.com/en/ 

Tablo 6. Başlıca Tarım Ürünlerinin Kişi Başına Düşen Üretim Miktarı (Yıllık/Kg) 

Ürün /Yıl 2015 2016 2017 2018 2019 

Gıda 482 479 477 472 475 

Pamuk 4,2 3,8 4,0 4,3 4,2 

Şeker kamışı 86 81 82 86 87 

Meyve  179 117 122 126 * 

Sebze 484 489 499 505 * 

Kaynak: Çin İstatistik Kurumu 2021 

3.2.4. Tarımsal Üretimin Ekonomik Değeri 

Tablo 7. Tarımsal Üretimde Ürün Gruplarının Ekonomik Değeri (Yuan=¥) 

 

Ürün Grupları 

  

2016 2017 2018 2019 2020 

Milyar ¥ Milyar¥ Milyar ¥ Milyar ¥ Milyar ¥ 

T. Tarımsal Üretim  106,478 109,331 113,579 123,967 137,782 

Tarla bitkileri 55,659 58,059 61,452 66,066 71,748 

Ormancılık 4,635 4,980 5,432 5,775 5,961 

Hayvancılık 30,461 29,361 28,697 33,064 40,266 

Balıkçılık 10,892 11,577 12,131 12,572 12,775 

Kaynak: Çin İstatistik Kurumu 2021  

Geçmişten günümüze ülkenin ekonomik olarak yaşadığı değişimler ülkeye olan ilgiyi daha da 

artırmıştır. Halkın en önemli geçim kaynağı tarımdır. 1978'lerden itibaren Çin, yüksek düzeyde 

merkeziyetçiliğe dayanan bir planlı ekonomi uyguladı. Söz konusu dönemde bu sistem, ülkenin 

mali ve maddi kaynakları ve teknolojik güçlerini önemli projelere tahsis ederek, kaynakların 

akılcı dağıtımını sağlayarak, bölgesel ekonomiler arasında yeniden denge kurarak ve 

sanayileşme için bir temel oluşturarak ekonomik ve sosyal kalkınmada etkin bir rol oynamıştır 

[6]. Dünya Ticaret Örgütü tarafından yayınlanan en son istatistik bilgilere göre, dünyanın en 

büyük dış ticaret hacmine sahip ikinci ülkesi konumuna ulaşmıştır.  

Çalışmanın bu kısmında tarımsal üretimden elde edilen ürünlerin parasal değerlerine de yer 

verilmiştir. Tablo 7’de görüldüğü gibi, 2016-2020 yılları içinde tarımsal üretimin toplam değeri 

sürekli artış elde ederek 137 triliyon782 milyara yuan’a ulaşmıştır. Üretim dalları 
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incelendiğinde, aldığı oran bakımından da sırasıyla önce tarla bitkileri, hayvancılık, su ürünleri 

olmak üzere ormancılıkta da elde edilen ekonomik değer her geçen sene artış göstermektedir. 

3.2.5. Kırsal Nüfusun Gelir Durumu 

Tablo 8. Kırsal Nüfusun Yıllık Kişi Başına Düşen Harcanabilir Gelir Durumu (Yuan=¥) 

Yıl Kırsal Nüfus Tarım işçileri 

2016 12,363 3,275 

2017 13,432 3,485 

2018 14,617 3,721 

2019 16,021 3,962 

2020 17,131 4,072 

Kaynak: Çin İstatistik Kurumu 2021 

Kırsal alanda yaşayan nüfusun ve tarım işçilerinin yıllık ve aylık gelir durumu Tablo 8 ‘de 

verilmiştir. 2016-2020 yıllar itibarıyla veriler incelendiğinde, kısal kesimde ikamet eden 

nüfusun yıllık kişi başına düşen harcanabilir geliri yıllar itibarıyla artış göstererek 12 bin 363 

yuan’dan 17 bin 131 yuan’a yükselmiştir. Ülke çapında tarım işçilerin ortalama aylık gelirinde 

de artış görülmektedir. 2016 yılında aylık 3 bin 275 yuan iken 2020 yılına geldiğinde ise 4 bin 

072 yuan’a yükselmiştir. Bunun başlıca nedeni ise kırsan kente göçten dolayı kırsal nüfus ve 

işgücü yetersizliği, arz- talep artışından meydana gelmiş olarak nitelendirilebilir. 

3.3. Tarım Politikaları  

Çin, geçmişten bu yana bir tarım ülkesi olmuştur. Ancak tarımda eski zamanlardan bu yana 

önemli ilerlemeler kaydedilmiş olmasına karşın feodal tarım sistemi nedeniyle uzun süre 

engellenen tarımsal üretim, büyük ölçüde geri kalmıştır. 1978 sonlarından sonra tarıma 

politikalarında reform yapmaya ve kırsal ekonomik sistemi yeniden düzenlemeye başlamıştır. 

Tarımsal üretimin artırılması için yürürlüğe koyduğu kırsal politikaların en önemlileri, aile 

sözleşme sorumluluk sistemi ve merkeziyetçilik ve âdemi merkeziyetçiliği birleştiren iki 

katmanlı yönetim sistemidir.  

Eski sistemde toprağın kolektif mülkiyeti eski üretim ekibine ait olurken, bir aile veya bir birey 

olan yüklenici, toprağın veya kolektif mülkiyete tabi bir işletmenin bir kısmını kullanma 

hakkına sahiptir. Bunun karşılığında, toprağı eken kişiler, sözleşme şartları uyarınca devlete 

tarım vergisi, kolektif işletmeye de ortak birikim şeklinde tahıl veriyorlardı. Tarım reformu, 
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kırsal ekonomik ve sosyal yapıları önemli ölçüde etkileyerek ekonomik faaliyetler üzerindeki 

kısıtlamalarını kaldırtmıştır. Bu şekilde kırsal bölgelerin dönüşümü tamamlanarak birçok 

önemli başarı elde edilmiştir. 

1) Kırsal ekonomi giderek sanayileşmektedir.  

2) Malzeme temini giderek yeterli hale gelmiştir. Pamuk, yemeklik yağ, şeker, et, yumurta, süt, 

sebze ve balık gibi önemli tarımsal üretimlere ilişkin arz ve talep dengesi gerçekleştirilmiş.  

3) Tarımsal ekonominin yapısında büyük değişiklikler meydana gelmiştir ve tarımdaki maddi 

ve teknik koşullar büyük ölçüde iyileşmiştir.  

Günümüzde tarım sektörü, ülkenin 1.4 milyarlık nüfusunun temel gereksinimlerini büyük 

ölçüde karşılayarak dünyadaki ekilebilir alanların sadece %7’si üzerinde dünya nüfusunun 

yüzde 20'sini beslemektedir. Hükümet; çiftçileri tahıl ekmeye teşvik etmek, tarımsal istihdam 

ve gelir beklentilerini artırmak, düşük tahıl fiyatlarına ve ürünün elde kalma riskine karşı 

çiftçileri korumak için belirli periyotlarda ve belirli bölgelerdeki belli başlı tahıl çeşitleri için 

taban fiyat, alım ve depolama garantisi gibi destek politikaları uyguluyor. Devletin uyguladığı 

yönetimi, 2016 yılından bu yana pirinç ve buğdayda taban fiyatı kademeli olarak iyileştirirken, 

devletin alım oranını ise düşürüyor. 

4. Sonuç ve Öneri 

Çin İstatistik Kurumunun bu yılın başında yayımladığı rapora göre 2020 yılında ülke nüfusu 1 

milyar 400 milyonu geçmiş vaziyettedir. 21.yy ortalarına kadar nüfusun artmaya devam 

edeceği ve 1,6 milyar civarında dengeleneceği beklenmektedir[7]. Kırsal nüfus sayısında ciddi 

azalma söz konusu olmaktadır. Kırsal nüfusun kentlere akın etmesi kurulmuş sosyo-ekonomik 

düzeni mutlak ölçüde etkilemesi beklenmektedir. Kırsal istihdamın azalması tarımsal üretim 

faaliyetlerine de olumsuz etki yaratması hâlihazırda bir durum. Kırsal alanda kişi başına düşen 

yıllık harcanabilir gelirin 178,131 yuan, tarım işçilerinin ortalama aylık gelirinin 4,072 yuan 

olması sevindirici olsa da buna eş zamanlı yaşam koşullarının da gittikçe pahalılaşması 

toprakları terk etme ya da diğer alanlara akın etmeye itiyor. Bu kitlenin yarattığı baskının, 

yüksek büyüme oranlarını önümüzdeki dönemde de zorunlu kılacağı düşünülmektedir. Çin’in 

gelişme yolunda önündeki en büyük engellerinden birisi bu nüfusun ihtiyaçlarını karşılayacak 

altyapının olmayışı olacaktır. Bu eksikliğin giderilmesi amacı ile yoğun yatırımlar 

yapılmaktadır.  

Gayrisafi milli hasılasındaki artışla, ihracatının ithalatından daha fazla artması ve buna bağlı 

olarak döviz rezervindeki artışla, sanayi sektörünün ekonomisindeki ağırlığı ile doğrudan 



7. Uluslararası Öğrenci Sempozyumu 

 279 

www.internationalstudentsymposium.com 

yabancı sermaye’yi ülkesine çekmesi ile, ciddi bir gelişme göstermektedir. Ekonomik 

kalkınmanın en önemli göstergelerinden birisi, gayri safi milli hâsılanın sektörsel dağılımıdır. 

Tarım sektörünün gayri safi milli hâsıla içindeki payı azalıp, sanayi ve hizmet sektörlerinin payı 

artıyor [8]. 

Şimdiki tarımda, sıkı devlet kontrolündeki ekonomiyi piyasayla uyumlu hale getiren reformlar 

kendi gıdasını kendi üreten ülke olma yerini korumada zorluların meydana gelmesi hafiften 

hissedilmeye başlamıştır Nüfusun ete olan isteği gelirleri ile beraber artıyor. Öte yandan, gıda 

üretimindeki geçmiş başarıyı finansal olarak destekleyen üretim sektörünün inanılmaz yükselişi 

bu değerli kaynakları ya kısmen kirletti ya da tamamen bünyesine katarak kullanılmaz hale 

getirildiği öngörülmektedir. 

Küresel üretim devi olarak yükseldiği süreçte tarım arazilerine ve su kaynaklarına ciddi ölçüde 

zarar verdiği ve bunun ekonomisi büyümeye devam ettiği görülmektedir. Gerçi tarımsal 

üretime dayalı politikalar geliştirilmiş ve yürürlüğe konulmuş olsa da ama elde edilen sonuçlar 

bu çabaların henüz yeterli olmadığını ve yeni arayışlara gidilmesi gerektiğini işaret ediyor. Bu 

nedenle, tarımsal üretimin, özellikle tahıl, hububat, pirinç üretiminin artırılmasına yönelik ortak 

çabalar, hala ekonomik kalkınma için temel bir şart oluşturmaktadır. Çözüm önerileri olarak 

aşağıdaki politikalar ve önlemler dikkate alınmalıdır:  

 1) Temel kırsal politikalar istikrara kavuşturulmalıdır. Sözleşmeli aile sorumluluk sistemi ve 

merkeziyetçilikle âdemi merkeziyetçiliği birleştiren iki katmanlı yönetim sisteminin 

mükemmelleştirilmesine dayalı olarak toprak kullanım hakkının devri teşvik edilmelidir. 

Koşulların uygun verdiği yerlerde arazinin büyük çaplı yönetimi gerçekleştirilebilir.  

2) Tarımsal girdiler artırılmalıdır  

3) Yasa uyarınca ekilebilir alanlar korunmalıdır. Tarım’a elverişli boş araziler ıslah edilecek ve 

çoklu ekim endeksi artırılarak ekilen alanların uzun vadedeki istikrarı sağlanacaktır.  

4) Doğal afetlere karşı koyma kabiliyetinin geliştirilmesi için su koruma tesisleri ve tarımsal 

altyapı inşası güçlendirilmeli. 

5) Orta ve düşük verimli araziler dönüştürülerek istikrarlı ticari tahıl temelleri oluşturulacaktır. 

Başlıca tahıl ve pamuk üreticisi bölgeler, ekonomik gelişmelerinin sağlanması için sürekli 

olarak desteklenmelidir.  

6) Tarımsal alanda kullanılan ürün üreten sanayilerin, özellikle suni gübre sanayinin gelişimi 

hızlandırılacak, tarımsal üretim araçlarının temini artırılacak ve tarımsal makineleşme ve 

modernleşme düzeyi iyileştirilmesi gerekmektedir.  
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7) "Tarımın bilim ve teknolojiye dayalı olarak geliştirilmesi" stratejisi, kapsamlı olarak 

uygulanacak ve tarım alanında daha fazla sayıda bilim ve teknoloji personeli eğitilmelidir. İleri 

ve uygun teknolojiler teşvik edilecektir. Kaliteli bitki cinslerinin yetiştirilmesi, ülkeye 

getirilmesi, işlenmesi, satılması ve teşvik edilmesi sistemin tamamlanmasına destek sağlanmalı.  
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