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PREFACE 

This book presents the recent advances in engineering, science, and 

construction. The matters discussed and presented in the chapters of 

this book cover a wide spectrum of topics and research methods in the 

field of engineering, science, and technology.  

The book contains eight chapters: estimations of river flows by use of 

artificial intelligence methods, investigation of quality criteria during 

the storage of vacuum dried minced meat and powder soup, using in 

the density functional method in material science, investigation of 

coating efficiency in friction surfacing process, synthesis and 

characterization of graft copolymers by atom transfer radical 

polymerization, the effects of nitrilotriacetic acid (nta) on some 

plasma enzymes of nile tilapia, necrotic enteritis: A re-emerging 

economically important issue and alternatives to antibiotics, and 

application of IoT in agriculture. 

This book, which consists of studies covering the fields of artificial 

intelligence, engineering, science, construction, materials, and 

metallurgical, will constitute an academic data source for 

academicians and researchers.  

I believe that this book, which consists of different scientific fields, 

will make significant contributions to the world of science and I 

would like to thank the authors who have contributed. 

 

Sincerely Yours 

Assist. Prof. Dr. Cüneyt YÜCELBAŞ1 

Sep 2021 

 

 
1 Hakkari University, Electrical and Electronics Engineering Department, Hakkari, 

TURKEY. 

 E-mail: cuneytyucelbas@hakkari.edu.tr   ORCID ID: 0000-0002-4005-6557 
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1. INTRODUCTION 

Water is a source of life that is vital for humans and brings life almost 

to a halt in case of lack. It faces many negativities that will jeopardize 

its sustainability day by day. For this reason, predicting water 

resources enables water to be used in every future in a planned, 

efficient and economical way. Water resources management extends to 

the rainwater collected in river basins and the transfer of these 

rainwater to consumers. In the management of river basins, evaluation 

of land soil is of great importance along with accurate estimation of 

current measurement stations. The main goal should be to protect, plan 

and sustain river basins. In this context, planning of water resources 

management can be done strategically by creating many prediction 

models. ANN and deep learning models, one of the AI techniques, are 

among these prediction methods. Estimates can provide suitable 

planning opportunity for both the producer and the user for water 

resources, living things, irrigation, hydroelectric power generation and 

transfer of water to future generations. 

Accurate estimation of flow is an necessary component for both water 

amount and amount direction. In last years, AI techniques have been 

evidented as a computer science branch to model a vast variety of 

hydrological handle. A number of research studies are conducted to 

find a more fruitful approach in terms of correctness and acticality 

(Mehr et al., 2013). 
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DL is a develope branch of AI consisting of a large number of layers 

of neurons that symbolize the learning handle. DL can get over with 

large-scale data and excel in several fields. Accordingly, surveyors pay 

more notice to investigating DL for intrusion detection (Aldweesh et 

al., 2020). DL is one of the developed touches to machine learning and 

has been gaining more and more note in last years (Boulemtafes et al., 

2020). With the rapid growth of DL algorithms, many high-correctness 

models were developed and implemented in the real world space. DL 

is parallel and suitable for distributed computing, which can 

significantly increase system efficiency. A kind of distributed 

computing system is proposed for deep learning. The design concept 

of cache pre-transmission aims to use reinforcement learning to train a 

pre-forward policy to increase the cache hit rate. Due to the 

characteristics of reinforcement learning, this policy can be adapted 

and applied to different computer environments. Finally, this system 

has been demonstrated experimentally (Cheng et al., 2020). 

Terzi and Köse (2012), in the flow estimation of Göksu River, ANN 

models are developed by using the current values of the stations 

no.1714, 1, 2, 3, 4 and 5 days ago and the current values of the stations 

no 1719 and 1720 as input. It is observed that the developed model's 

coefficient of clarity and average absolute error value gives better 

conclusions compared to other models.  

Yurdusev et al., (2008), estimation of monthly flows in the closed 

basin of Akarçay river from rain and flow observations using the ANN 

method, models are designed in 4 different categories depending on 
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the parameters such as the location of the precipitation observation 

stations present in the basin and the observation interval. The 

conclusions obtained are compared with the conclusions of 

multivariate regression analysis and it is revealed that ANN can be 

successfully applied to the flow prediction problem from the flow and 

precipitation observations and produces safe estimates. 

The flow rate of the Lower Sakarya River gives the highest 

determination coefficient (R2) of the four-day time shift using flow 

data obtained from Doğançay Current Observation Station using Feed 

Forward Back Propagated Neural Networks from ANN models. This 

study on the Sakarya river is thought to help future energy planning 

and flood studies (Kızılaslan et al., 2013). 

An ANN model is developed and applied to the daily flows of the 

Coruh River in the Coruh basin. The ANN model created successfully 

represents the daily flows of the Coruh River; Thus, it is thought that 

the developed model structure can be used successfully in the 

estimation of daily flows of other river basins (Okkan and 

Mollamahmutoğlu, 2010). 

Gündüz (2011), daily flow data in 1968-2006 period is used for ANN 

and wavelet transformation models developed to estimate river flow in 

Fırat-Dicle basin. Crosscheck conclusions show that AI techniques can 

be used successfully in river flow prediction. It is observed that the 

Köprüçay currents estimated by the forward feed backward 

propagation ANN method give better conclusions when compared 
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with the conclusions of the linear regression (LR) model (Demirpençe, 

2005). 

In this study, estimations of river flows are made with the data 

obtained from current measurement stations. Prediction is realized by 

making use of AI methods ANN and DL models. As a conclusion of 

the crosscheck, the best prediction model can be determined and can 

be a guide in similar studies. 

2.  STUDY AREA AND DATA 

In this study, the daily streamflow information used was collected 

from the Euphrates River located in the southeast region of the Turkey. 

The daily flow values of a flow measurement stations in the Fırat 

Basin, one of the 25 basins in Turkey, were examined and evaluated 

for performance analyses using DL optimizers (Figure 1).  

 

Figure1: Location of Euphrates river basin 
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This basin is located in the eastern part of Turkey with a 127304 km2 

area –making it the biggest wetland area in the country. River Murat 

and River Karasu are important rivers supplying Euphrates River with 

water (Figure 2).The data used in this study was flow measurement 

stations taken from General Directorate of State Water Affairs (DSI) 

which are the most accurate data in the Euphrates river and they are 

located at the same basin area. Euphrates Basin has area of 127 304 

km2, with an average elevation of 1009.87m. The average rainfall is 

540.1 mm / year. According to the records in the beginning and middle 

of the 20th century, the average annual natural flow of the Euphrates 

River is 20.9 cubic kilometers. The station are D21A183 (Akdere Çayı 

Aşağıköprülü Village). The daily discharge data taken into account for 

this study covered the period of 2011-2018 for. 

The flow of the river was measured by calculating the water level 

pressure with a sensor placed in the target area of the river.  In the 

study, 70% of the flow data was used as training data and 30% as test 

data. 
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Figure 2: Euphrates river basin and its drainage network 

3.  METHODOLOGY 

In this study, the DL method was performed by Keras library to predict 

the stream flow. Standardization of a dataset is a common requirement 

for many machine learning estimators. 

The mentioned machine learning bookcase is actually a bookcase of 

program the systems. There is more than one system in the library. 

Python Deep Learning Aplication (PDLA) is a python library for deep 

learning. Besides this bookcase it also works with Tensorflow librariy 

which can be helpful for DL usage. Because it is a high-level 

bookcase, the user can develop application more easily than 

Tensorflow. For this reason, it is widely used. This bookcase can be 

used by many developers around the world. 
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3.1. Artificial Intelligence  

The idea of creating smart machines, especially smart systems that can 

learn and predict, was put forward in the 1980s. Artificial intelligence, 

which has become a part of our daily life with the development of 

technology; expert systems have become structures that can learn, 

reason, make use of past information, plan, offer suggestions and 

communicate with fuzzy logic, genetic algorithms and artificial neural 

networks. While AI systems are used for different purposes in many 

disciplines, the methods developed during this widespread use 

continue to contribute to the development of other fields (Arslan, 

2020). AI has the capabilities to analyze complex medical data. The 

ability of AI methods to reveal meaningful relationships within a data 

set is used in many clinical scenarios to predict diagnosis, treatment 

and outcome. The main AI methods that are widely used today; expert 

systems are fuzzy logic, genetic algorithms and artificial neural 

networks (Demirhan et al., 2010). 

3.2.  Deep Learning 

The history of DL goes back to 1943, when Walter Pitts and Warren 

McCulloch imitated the human brain and developed a computer model 

based on neural networks. They used a combination of mathematics 

and an algorithm they called "threshold logic" to imitate the thinking 

process. DL allows computational models consisting of multiple 

processing layers to learn representations of data with multiple levels 

of abstraction. These methods have significantly improved the latest 
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technology in many other areas, such as speech recognition, visual 

object recognition, object detection, drug discovery and genomics. DL 

explores the complex structure in large datasets by using the re 

propagation algorithm to specify how a machine must change the 

internal parameters used to calculate the representation on each layer 

from the representation in the previous layer. Deep-eve networks have 

made breakthroughs in the processing of images, videos, speeches and 

sounds, while repetitive networks have shed light on sequentive data 

such as text and speech (LeCun et al., 2015). DL has serious potential 

to change and improve many things in our lives, and research is 

supported in every way by making significant investments (Keleş, 

2018). 

3.3.  Optimizers 

Adam optimization is an algorithm for first order gradient based 

optimization of stochastic functions based on predictions of lower 

order moments. The method can be easily used in non-stationary 

problems and has a minimum memory requirement. The success rate is 

much higher in efficient parameters. While creating the probability 

distribution of the outputs, it statistically optimizes the input-output 

map (Kingma and Ba, 2014). 

Adamax is a variation of Adam dependent on the unendingness 

standard. It is a variant of Adam based on the infinity norm. Default 

parameters follow those provided in the paper. Adamax is sometimes 
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superior to adam, specially in models with embeddings (Kingma and 

Ba, 2015).  

3.4.  Evaluation Criteria  

3.4.1. MAD (Mean Absolute Deviation) 

It is the average of the absolute deviations of the data at a given 

information point or simply the "mean absolute deviation" (MAD) in 

the data set. In global form, the central point can be the conclusion of a 

randomly selected data point associated with the data set given by the 

median, mode, mean, or any central trend measure. The absolute 

values of the difference between the data points and their central 

tendencies can be summed and divided by the number of points in the 

data set (Konno and Koshizuka, 2005). 

3.4.2. MAPE (Mean Absolute Percentage Error) 

MAPE, where the actual value is not zero but is quite small, will often 

get extremely high values. The precision of this scale makes MAPE 

insignificant as a measure of error when using it for low volume data. 

MAPE is the most commonly used summary measure to assess the 

correctness of population estimates. Although MAPE has many 

desirable criteria, it argues that, from both normative and relative 

perspectives, the common practice of using it only to evaluate 

population estimates should be changed. It is normally considered that 

MAPE does not meet the validity criterion because it exaggerates the 

error found in a population estimate as a summary measure (Tayman 

and Swanson, 1999).  



 
14 RECENT ADVANCES IN ENGINEERING, SCIENCE AND 

CONSTRUCTION 

3.4.3. MEAN (Actual / Predicted) 

For statistics, a forecast error is the difference between the actual value 

of a time series and the predicted or predicted value. With the 

prediction error derived from the same data scale, crosschecks between 

prediction errors of different series can only be made on the same 

serial scale. 

3.4.4. STD (Standard deviation) 

Standard deviation is a measure used in probability theory and 

statistical science to summarize the propagation of data values, a 

sample, a probability distribution, or a random variable. In other 

words, it is a measure that shows how high each data in a study group 

is compared to the average and how common the distribution is in 

another frequency. 

3.4.5. Correlation 

Correlation analysis is an analysis technique used to examine the 

relationships between two sets of variables, each with at least two 

variables. In analysis, one variable set can be defined as a descriptive 

or argument set, and the other can be defined as a dependent variable 

set. However, variable sets do not have to be defined in this way. In 

the broadest sense correlation is any statistical association, though it 

commonly refers to the degree to which a pair of variables are linearly 

related. 
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4. RESULT AND DISCUSSIONS 

While analyzing the performance of the model, the proximity between 

the real values and the estimated values was examined. Correlation, 

R2, MSE, MAE, RMSE and MAD, Std, among the methods used for 

the evaluation of models in the literature, were used as evaluation 

methods. The evaluation conclusions obtained by comparing the deep 

learning conclusions with the real conclusions were shown in Table 1. 

Regression chart, which is one of the most important charts comparing 

the real values with the estimated values, were shown in Figure 3 

separately according to the training and test conclusions for the 4-shift 

scenario. The more linear the actual and predicted values shown in this 

type of chart, the closer the values are. According to the chart in the 

figure, the conclusions with the closest to real values are the training 

conclusions of the scenario with the highest correlation value. 

According to these conclusions, it can be called that the MAE loss is 

more accomplished for the test in the DL model. 

 

Figure 3: Crosscheck of statistical conclusions for Akdere station 
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Table 1: Crosscheck of All Remedial Conclusions for Statistical 

Evaluation for Akdere Station 

AKDERE 

Statistics ADAMAX-

MAE 

ADAMAX-

MSE 

ADAM-MAE ADAM-MSE 

MAD 0,137982 0,214168 0,134152 0,164533 

MSE 0,126381 0,282030 0,124868 0,159106 

RMSE 0,356134 0,531065 0,353367 0,398880 

MAE 0,183245 0,243009 0,169879 0,228568 

MEAN 1,035630 0,917398 1,100508 0,912371 

STD 0,550444 0,501119 0,556797 0,841517 

Correlation 0,994584 0,987941 0,994630 0,993660 

 

5. CONCLUSIONS 

The data set used in this study taken from the daily measurements of 

DSI flow measurement station from Akdere, the village of Aşağıçöplü 

No D21A183 (2011-2018) on the Göksu River. The data set of 4 time-

shifted scenarios, the flow values starting from 4 days before to one 

day before were used as input in the 5th day forecast. In the study, the 

Sequential Model was created by using Python DL Aplication 

Bookcase, which is a DL bookcase. The model used in the study 

consists of 1 input layer, 4 hidden layers and 1 output layer. The Epoch 

(Iteration) number is 1024 for the 4-shift scenario. 70% of the data 

belonging to 4 shifting scenarios used for training and 30% for testing. 

In this study, in the south of Turkey and one of the major water 

sources of a DL model to predict current values of the Euphrates River 

branch were formed. While analyzing the performance of the model, 

the proximity between the real values and the estimated values was 

examined.  
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The more linear the actual and predicted values shown in this type of 

chart, the closer the values are. According to the chart in the figure, the 

conclusions with the closest to real values are the training conclusions 

of the scenario with the highest correlation value. Correlation values of 

the training and test conclusions obtained from the model for the 4-

shifting scenario were found as 0.9946 for Akdere-Adam MAE. One-

to-one conclusions were obtained in places that seem like a single line. 

The model was run many times by creating hidden layers with 

different numbers and properties. As a conclusion of these studies, the 

conclusions of the four-shift scenarios were compared separately and 

the conclusions of the experiment of the best conclusions were used in 

the study. In order to examine the realism of the conclusions, the 

model using this information was run repeatedly and it was observed 

that similar conclusions were obtained in each run. 

Considering all the conclusions, it was observed that the success of the 

4 translational scenarios and the DL model was very good. The use of 

this scenario and the DL model in future studies will guide the forecast 

of current values. In this study, an forecast was made based on single 

current values and successful conclusions were obtained. When the 

input parameters are increased, it will be useful to use them in future 

studies with different scenarios. In addition, with these estimated flow 

values, an important data was obtained in terms of designing and 

feasibility of a potential dam that is planned to be built on different 

rivers. 
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INTRODUCTION 

Meat and meat products are a very valuable food since they contain 

especially B vitamins, high amount of protein, essential fatty acids and 

minerals such as iron, zinc and phosphorus (Djordjevic et al, 2016; 

Doulgeraki et al, 2012).  In addition, it is very susceptible to microbial 

spoilage due to its high water activity (Casaburi et al, 2015). 

Especially meat products with small pieces and large surface area, 

such as minced meat, are not resistant to spoilage. Ensuring food 

safety in these products is possible with the application of a suitable 

drying technique.  The shelf life of meat can be extended with the 

drying process, which is one of the old and reliable methods. In 

addition, since the weight and volume of the product decrease at the 

end of the drying process, storage and shipping costs decrease 

(Doymaz et al., 2016).  Dried meat is generally obtained in cube, 

sliced or powder form by drying with hot air, and it is also included as 

a component in the formulation of products such as bouillon, instant 

soup, noodle etc. (Aykın Dinçer and ErbaĢ, 2019).                                                    

Hot air, which is widely used in conventional drying, can cause 

denaturation, especially in heat-sensitive foods, and reduce nutritional 

and sensory properties (Doymaz et al., 2016).  For this reason, the 

drying method should be chosen carefully for drying foods with high 

nutritional and economic value such as meat and meat products 

(Laopoolkit and Suwannaporn, 2011). In this regard, vacuum drying 

has some advantages over conventional hot air drying. In this method, 

since it is operated at low temperatures and there is no oxygen in the 
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environment, foods sensitive to heat and oxygen can be dried safely. 

Thus, it is possible to obtain products with the best preserved color, 

flavor and nutrients (Mousa and Farid, 2002).  

Instant powder soups, in which dried meat products are used as an 

ingredient, have become a product with high added value, which is 

frequently used by military units, some aid organizations and also by 

working people and students who have limited time. At the same time, 

the production of instant soup in powder form is quite simple. 

According to the type of soup to be produced, production can be 

carried out by mixing and packaging suitable generally pre-treated or 

dried raw materials (grain, legumes, vegetables, spices, flavorings, 

yoghurt powder, milk powder or whey powder, etc.) (Apaydın, 2015).  

Consumption of ready to eat soups (liquid) that only require heating, 

ready to cook soup or instant powder soups that can be prepared in 

minutes are increasing day by day. Ready-to-cook powder soups have 

an important production potential in the food industry with their low 

cost in storage and transportation stages due to their low volume and 

weight, as well as long shelf life. In addition, it has advantages such as 

not requiring a cold chain for its storage, being able to be stored for a 

long time without taking up space, and being practical for its 

preparation. Therefore, different soup formulations are developed and 

produced by the producers in the food industry, taking into account 

the consumer demands and tastes (Coksaygili and Basoglu, 2011). 

Since the raw materials in its formulation are dry and have low water 

activity, ready to cook powder soups are resistant to enzymatic and 
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microbial spoilage (Raitio et al, 2011). If dried meat is to be used in 

the product formulation, a drying technique should be used that will 

affect the product properties to the least extent. 

Meat and meat products, which is used as an ingredient in instant 

powder soup, bouillon, noodle etc. in the market are thermal dried 

products. However, meat is sensitive to heat in terms of nutrients. For 

this reason, minced meat as the most commonly used meat product in 

this study was dried using a non-thermal method, unlike the products 

on the market. 

In this study, minced meat was dried with vacuum drying technique at 

room temperature and ready to cook powder soup was developed by 

using this dried meat product as a component. It was aimed to 

examine the quality criteria during the storage of the dried minced 

meat and the developed powder soups. For this purpose, the dried 

minced meat samples were stored at 0 
o
C, 4 

o
C and 25 

o
C for 12 

months, and the developed powder soups were stored at 25 
o
C for 12 

months, and their microbial and physicochemical properties were 

periodically examined. 

1. MATERIAL and METHOD 

1.1. Material 

Minced meat to be dried and ready-to-cook powder soup to be used as 

control were purchased from a local market in Istanbul. Minced meat 

samples were kept in refrigerator conditions until the drying process. 

Except dried minced meat, the raw materials were obtained from 

Soyyiğit Gıda San. ve Tic. A.ġ. used in powder soup production. 
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1.2. Method 

1.2.1. Drying, Storage and Rehydration of Minced Meat 

Drying of minced meat was carried out using a vacuum dryer 

(DaihanWOV-30, South Korea) in a private food testing laboratory in 

Istanbul. The vacuum in the cabin is provided by a vacuum pump 

(EVP 2XZ-2C, China) with a pump speed of 2 L/s and a pressure of 

60 mbar (BaĢlar et al, 2014). The minced meat was laid on a non-stick 

surface (silicone) with a thickness of 5 mm, placed in the vacuum 

dryer cabinet with trays, and the system was operated at 25 °C and -

760 mm Hg pressure. The drying process was continued until the 

water activity of the minced meat fell below 0.6. 

Dried minced meat samples were analyzed on day 0 immediately after 

drying. In addition, the samples were taken into bags suitable for 

vacuum, sealed with vacuum and made ready for storage. A climate 

cabinet adjusted to 75% humidity was used for storage at 25 
o
C.  

Samples stored at 0 
o
C were analyzed at the end of the 6th and 12th 

months, and samples stored at 4 
o
C and 25 

o
C were at the end of 2nd, 

4th, 6th, 8th, 10th and 12th months.  

Rehydration of dried minced meat was performed before acidity, pH, 

TBARS and microbiological analyses. For this purpose, sterile 

distilled water was added to the samples as much as the amount of 

moisture lost during drying, and they were kept for 2 hours in the 

refrigerator and rehydrated product was obtained. Thus, it is ensured 

that the moisture content of the product is brought to the initial 

moisture level. 
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1.2.2.  Production of Ready to Cook Powder Soup 

 

The soup (B) sample was developed using by minced meat dried in 

vacuum dryer at 25°C and also wheat flour, corn starch, oil powder 

(palm oil, glucose syrup, milk protein, stabilizer-triphosphate, anti-

caking-silicon dioxide), whey powder, salt, onion powder, yeast 

extract, soy granules and protein, yoghurt powder, guar gum, black 

pepper, white pepper and flavoring (onion, vinegar). In addition, the 

other soup (A) produced with the same formulation without using 

dried meat was evaluated as a control. Soup samples were stored in a 

climate cabinet adjusted to approximately 75% humidity at 25°C after 

after first day analyzes were performed. 

1.2.3.  Analyzes   

 

Moisture, water activity, acidity, pH, color values (L*,a*,b*), 

thiobarbituric acid reactive products (TBARS), total mesophilic 

aerobic bacteria (TMAB), mold – yeast, coliform bacteria, 

Staphylococcus aureus, Salmonella spp. and Eschericha coli O157 

analyzes were performed for dried minced meat. 

Moisture, water activity, color values (L*,a*,b*), peroxide number, 

total mesophilic aerobic bacteria (TMAB), mold – yeast, coliform 

bacteria, Clostridium perfiringens, S.aureus, Bacillus cereus and 

Salmonella analyzes were performed for ready to cook powder soup 

(hereafter referred to as powder soup) developed using dried minced 

meat. For microbiological analysis, the parameters defined in the TS 

3190 Dry Soup Mix (Anon, 2014) were performed. 
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Moisture determination was carried out by the method of AOAC 

950.46 (2006). Water activity values were determined using the water 

activity device (Novasina Labtouch-Aw). Fat percent of the samples 

was calculated according to the AOAC 960.39 (2012). Acidity (%) 

and pH analysis were done according to the methods defined by 

Gökalp et al. (1999). Color values (L*,a*,b*) were measured as stated 

by Tekin (2015), TBARS values were calculated as stated by Ulu 

(2014). The peroxide number was determined according to the TS 

3960 method. 

The methods used for microbiological counts are: FDA-BAM 

methods for TMAB (Maturin and Peeler, 2001)  mold-yeast (Tournas 

et al.)  and E. coli O157 (Feng et al, 2020); BS ISO 4882:2006 (BS 

2006) method for coliform bacteria count, BS EN ISO 6886-1:1999 

(BS 1999) method for S. aureus analysis, ISO 6579-1:2017 (ISO 

2017) method for Salmonella count, BS EN ISO 7932:2004 (BS 

2014a) method for B. cereus and BS EN ISO 7937:2004 (BS 2104b) 

method for C. perfiringens. 

For statistical analysis, data were subjected to analysis of variance 

(ANOVA) using JMP 9 (SAS, Cary, NC, USA). For the significant 

(p<0.05) differences, the mean values were further analyzed using 

Duncan's Multiple Range Test (comparison test). 
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2. RESULTS – DISCUSSION 

2.1. Results Obtained by Drying Minced Meat 

The properties of the minced meat before and after drying are shown 

in Table 1. 

Table 1: The Properties of the Minced Meat Before and After Drying 

 

Analyses Before drying After drying 

Moisture (%) 76.10a 12.91b 

Water activity (aw) 0.952a 0.586b 

Acidity (%) 0.57b 0.70a 

pH 5.65a 5.07b 

Fat (%, in dry matter) 24.31a 24.14a 

L*                    36.05b 43.40a 

a*                                 20.43a 17.18b 

b*    3.95b 10.06a 

TBARS (mg MDA/kg) 0.151b 0.283a 

TMAB  (log kob/g) 3.79b 4.39a 

Mold - yeast (log kob/g) 2.25b 2.92a 

S. aureus (log kob/g) *ND *ND 
Coliform bacteria (log kob/g) *ND *ND 
Salmonella (log kob/g) *ND *ND 
E. coli O157 H7 (log kob/g) *ND *ND 

a-b: Different letters in the same line show statistical differences between drying 

methods (p< 0.05). 

(*): Not detected 

The value specified in the Turkish Food Codex Microbiological 

Criteria Communiqué (2011) for TMAB, which is one of the most 

important microbial parameters in terms of food safety, is 5x10
6 

cfu/g. 

When Table 1 is examined, the increase in TMAB and mold-yeast 

load of minced meat after drying is less than 1 log. It was determined 

that the obtained values for TMAB are in accordance with the Codex. 

As a result of drying, the moisture content was reduced from 76.10% 

to 12.91%, and the water activity was reduced to values lower than 0.6 



 
30 RECENT ADVANCES IN ENGINEERING, SCIENCE AND 

CONSTRUCTION 

(0.586), which is important for food safety. After drying the minced 

meat, acidity increased and pH decreased. TBARS results were 

detected higher than before drying. The color of the product became 

similar to the color of cooked meat after drying. L* (brightness) value 

increased, a* value (redness value) decreased, and b* value 

(yellowness value) increased. Coliform bacteria, C. perfiringens, S. 

aureus, E.coli O157 and Salmonella were not detected in the products.  

There are no product on the market that was exactly the same as the 

product obtained in this study. The moisture content of a ready-to-eat 

product sold in the market that dried with hot air, which has a shelf 

life of 3 months and is sold under the name of "dried meat", was 

measured as around 35%. In this study, the moisture value of the 

product, which does not contain spices, salt, etc. and is dried without 

applying heat treatment, is much more suitable in terms of food safety. 

It is thought that this product can be preferred both for use in the food 

industry as a raw material and as a food stuff in kitchens. 

2.2. Results Obtained by Storage of Dried Minced Meat 

The results obtained by storage at 0°C of dried minced meat are given 

in Table 2, the results obtained by storage at 4°C are given in Table 3, 

and the results obtained by storage at 25°C are given in Table 4. 

 

 

 

 

 



 
 31 

Table 2: The Results Obtained by Storage at 0°C of Dried Minced Meat 

 

Analyses 
Months 

0 6 12 

Moisture (%) 12.91b 12.93b 13.22a 

Water activity (aw) 0.586b 0.581b 0.593a 

Acidity (%) 0.70a 0.72a 0.69a 

pH 5.67a 5.71a 5.69a 

L*                    43.40a 43.01a 42.19b 

a*                                 17.18a 14.20b 14.11b 

b*    10.06a 9.92a 9.89a 

TBARS (mg MDA/kg) 0.283a 0.288a 0.284a 

TMAB  (log kob/g) 4.39a 4.45a 4.50a 

Mold - yeast (log kob/g) 2.92a 2.88a 2.91a 

S. aureus (log kob/g) *ND *ND *ND 
Coliform bacteria (log kob/g) *ND *ND *ND 

Salmonella (log kob/g) *ND *ND *ND 

E. coli O157 H7 (log kob/g) *ND *ND *ND 

a-b: Different letters in the same line show statistical differences between drying methods (p< 0.05). 

(*): Not detected 

Table 3: The Results Obtained by Storage at 4°C of Dried Minced Meat 

 

Analyses 
Months 

0 2 4 6 8 10 12 

Moisture (%) 12.91b 12.88b 12.92b 13.25ab 15.58a 13.62a 13.58a 

Water activity (aw) 0.586b       0.601b 0.603b 0.627a 0.633a 0.631a 0.633a 

Acidity (%) 0.70c 0.78b 0.77b 0.80b 0.86a 0.85a 0.82a 

pH 5.67a 5.51b 5.56b 5.01c 5.05c 5.04c 5.05c 

L* 43.40a 42.62ab 41.94b 41.48b 41.60b 41.58b 41.61b 

a* 17.18a 15.11b 12.67c 10.44d 8.33e 8.89e 8.42e 

b* 10.06 a 10.11 a 8.94b 8.87b 7.55c 7.61c 7.58c 

TBARS (mg MDA/kg) 0.283d 0.287d 0.375c 0.401b 0.434a 0.467a 0.458a 

TMAB  (log kob/g) 4.39a 4.31a 3.75b 2.56c 1.79d 1.73d 1.75d 

Mold - yeast (log kob/g) 2.92a 2.01b 1.98b 1.11c 0.98c 0.92c 0.99c 

S. aureus (log kob/g) *ND *ND *ND *ND *ND *ND *ND 
Coliform bacteria (log 

kob/g) 
*ND *ND *ND *ND *ND *ND *ND 

Salmonella (log kob/g) *ND *ND *ND *ND *ND *ND *ND 
E. coli O157 H7 (log 

kob/g) 
*ND *ND *ND *ND *ND *ND *ND 

a-e: Different letters in the same line show statistical differences between drying methods (p< 0.05). 

(*): Not detected 
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Table 4: The Results Obtained by Storage at 25°C of Dried Minced Meat 

 

Analyses 
Months 

0 2 4 6 8 10 12 

Moisture (%) 12.91b 12.88b 13.78a 13.75a 13.77a 13.81a 13.75a 

Water activity (aw) 0.586b 0.598b 0.619a 0.629a 0.638a 0.635a 0.632a 

Acidity (%) 0.70b 0.85a 0.87a 0.85a 0.83a 0.82a 0.83a 

pH 5.67a 5.19b 5.16b 5.19b 5.11b 5.13b 5.11b 

L* 43.40c 44.51b 44.58b 53.63a 53.65a 53.71a 53.69a 

a* 17.18a 11.55b 9.22c 9.25c 9.16c 9.18c 9.16c 

b* 10.06d 12.45c 16.34b 20.41a 20.52a 20.48a 20.50a 

TBARS (mg MDA/kg) 0.283d 0.348c 0.551b 0.648a 0.655a 0.658a 0.657a 

TMAB  (log kob/g) 4.39a 3.22b 2.48c 2.55c 1.87d 1.95d 1.85d 

Mold - yeast (log kob/g) 2.92a 2.02b 1.27c 0.77d 0.17e 0.12e 0.15e 

S. aureus (log kob/g) *ND *ND *ND *ND *ND *ND *ND 

Coliform bacteria (log 

kob/g) 
*ND *ND *ND *ND *ND *ND *ND 

Salmonella (log kob/g) *ND *ND *ND *ND *ND *ND *ND 

E. coli O157 H7 (log kob/g) *ND *ND *ND *ND *ND *ND *ND 

a-e: Different letters in the same line show statistical differences between drying methods (p< 0.05). 

(*): Not detected 

When the analysis values in Table 2, Table 3 and Table 4 are 

examined, the following conclusions are reached: It was determined 

that the moisture and water activity values increased from the 6th 

month in 0°C storage, from the 6th month in the 4°C storage, and 

from the 4th month in the 25°C storage. It is thought that this increase 

in humidity values is due to the air permeability of the packaging 

material and the lack of industrial packaging material (laminated, 

composite, etc.) structure and feature. While the acidity and pH values 

did not change in storage at 0°C, the acidity increased over time from 

the 2nd month in storage at 4°C and 25°C, while the pH value 

decreased proportionally. 
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It was observed that the L* (brightness) value decreased during 

storage at 0°C and 4°C, and increased during storage at 25°C. The a* 

(redness-greenness) value decreased during storage at 0°C, 4°C and 

25°C, the b* (yellowness-blueness) value did not change at 0°C, 

decreased at 4°C storage, and at 25°C storage. While the TBARS 

values, which are indicators of fat oxidation in meat products, did not 

change in storage at 0°C, but increased from the 4th month in storage 

at 4°C and from the first month in storage at 25°C. However, this 

value was never detected above 1 mg MDA/kg.  

While the TMAB number did not change in 0°C storage, it started to 

decrease from the 4th month in 4°C storage and from the 2nd month 

in 25°C storage. It was thought that providing an anaerobic 

environment with the drying process and vacuum packaging 

negatively affected the viability of aerobic bacteria. The value 

specified in the Turkish Food Codex Microbiological Criteria 

Communiqué (2011) for TMAB, which is one of the most important 

microbial parameters in terms of food safety, is 5x10
6
 cfu/g for 

minced meat. It was determined that the analysis results obtained 

during the storage were in accordance with the Codex. While the 

mold-yeast number did not change at 0°C, it started to decrease from 

the second month on storage at 4°C and 25°C. S. aureus, Salmonella, 

E. coli O157 H7 and coliform bacteria were not detected at any 

temperature and storage period. 
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2.3. Results Obtained by Storage of Powder Soup 

Fat content of the developed soups detected as 13,52 % for sample A 

and as 13,73% for sample B. Also the results of soup samples A (with 

meat) and B (without meat) obtained at the end of storage at 25°C of 

are given in Table 5. 

When Table 5 is analyzed in terms of analysis parameters; it was 

determined that the moisture and water activity values of soup sample 

A (without meat) and sample B (with meat) increased during storage. 

It is thought that this increase in humidity values is due to the air 

permeability of the packaging material and the lack of industrial 

packaging material (laminated, composite, etc.) structure and feature. 

When the peroxide numbers of the samples were examined, it was 

determined that they did not change during storage. This suggested 

that the packaging material might be resistant to oxygen permeability. 

In addition, all the values obtained are lower than 10 meq O2 / kg, the 

value specified as the maximum limit according to the TS 11342  

Instant Soup (2005).                          

 L*, a*, b* values did not change in soup sample A (meatless). On the 

other hand, L* values decreased over time, a* value did not change, 

and b* value increased especially from the 8th month in the soup 

sample B (with meat) It is thought that the change in color values is 

due to the fat content of the minced meat used in the formulation.  

TMAB counts decreased in both soup samples. It was thought that the 

drying process and vacuum packaging, providing an anaerobic 

environment, adversely affected the viability of aerobic bacteria. It is 
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known that the value considered critical for food safety for TMAB in 

foods is 10
4
-10

5
 log. In addition, no significant change was detected in 

the mold-yeast counts of the samples during storage. S. aureus, 

Salmonella, E. coli O157 H7 and coliform bacteria were not detected 

at any temperature and storage period. 
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Table 5: Analysis Values Obtained During the Storage of Soup Samples A (without 

meat) and B (with meat) 
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Each type of soup was evaluated in itself during storage. Small letters were used to mark the soup sample 

A (without meat) and capital letters were used to mark the soup sample B (with meat).a-b and A-B: 

Different letters in the same line show statistical differences between drying methods (p< 0.05). 

(*): Not detected 
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3. CONCLUSION 

Meat and meat products are foods that have high nutritional and 

economic value and are prone to microbial spoilage. It is possible to 

preserve this valuable food, to use it as a raw material in the 

production of some foods and to ensure food safety by drying method. 

In the market, meat dried by heat treatment can be used as raw 

material in products such as dry soup powder, bouillon, noodle etc. 

However, the method chosen for drying should be able to preserve the 

product properties in the best way. In this context, it is possible to 

prevent oxidation and loss of nutrients, since drying can be performed 

in an oxygen-free environment and at low temperature with vacuum 

drying method. Therefore, in this study, minced meat was dried at 

room temperature by vacuum drying method. The dried minced meat 

sample was stored at 0 
o
C, 4 

o
C and 25 

o
C for 12 months and 

evaluated by analyzing quality criteria at certain periods. In this way, 

it was determined that food safety was ensured with the least change 

in product characteristics. In addition, different from the soup samples 

on the market, ready to cook powder soup formulations have been 

developed using and without using vacuum-dried minced meat 

without the use of heat treatment. Soup samples were stored at 25 
o
C 

for 12 months and their microbial and physicochemical properties 

were periodically examined. As a result, the data obtained in this 

study revealed that the meat dried with vacuum drying technique as a 

non-thermal preservation method, when packaged in vacuum, 

preserves its properties for 12 months even at 25 
o
C, and that the meat 
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dried in this way can be used in industrial products such as powder 

soup mixes. 
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1.INTRODUCTION 

Rare-Earth Hexaboride (REB6) have fascinated a lot of attention due 

to their important properties containing thermionic emission, chemical 

stability, hardness, high melting point, magnetic characteristics, low 

work function, efficiency, low volatility, narrow band 

semiconductivity and superconductivity. Hence such properties have 

been used in a variety of applications, such as electron emitters, 

photonic and electronic applications. REB6 materials is in a simple 

cubic CsCl-type structure (Pm-3m symmetry), in which rare earth 

element occupies the Cs site and octahedral borides are located on the 

Cl site (Ji et al., 2011). REB6 (RE = La, Ce, Y, Gd, Pr, Ho, Nd, Sm, 

Tb, Dy) has attracted a lot of attention for its important features. LaB6 

is an superb electron emitter material.Its high melting point is 2715 °C 

(Yu et al., 2018). CeB6 is a intense Kondo substance and exhibits 

heavy fermions performance (Bai & Ma, 2010). PrB6 is 

antiferromagnetic substance (Onuki et al., 1989). NdB6 exhibits an 

antiferromagnetic behavior and this material order antiferromagnetic 

at 7,8 K (Kubo et al., 1993). SmB6 is a Kondo insulator. Kondo 

insulators have properties of  heavy fermion f-electron compounds 

(Wolgast et al., 2013). EuB6 is as a ferromagnetic semiconductor 

(Süllow et al., 1998). GdB6 is antiferromagnetically at TN = 15,5 K 

(Semeno et al., 2018). YbB6 is topological crystalline Kondo insulator 

and is a typical complex valence narrow bandgap semiconductor .This 

material have large band gap (Weng et al., 2014). ErB6 is a metallic 

(Gernhart et al., 2012). PmB6 is a topologically nontrivial compound 

(Hung & Jeng, 2020). TbB6 is antiferromagnetically at 21 K (Luca et 
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al., 2004). DyB6 is an antiferromagnetic metal. The antiferro-

quadrupolar ordering occurs in DyB6 at TN = 26 K (Takahashi et al., 

1998). HoB6 shows a ferroquadrupole ordering at TQ=6,1K 

(Yamaguchi et al., 2003).     

Density Functional Theory (DFT) is one of the fundamental usually 

preferred computational methods for examining and investigating the 

features of systems such as isolated clusters and molecules, 

nanoparticles (NP), crystal structures, interfaces and periodic surfaces 

in the gas state. There are two important factors in choosing the DFT 

method. The first is that DFT gives satisfactory answers to 

challenging scientific questions available in different fields, while 

another is the acquisition of important information that can’t be 

determined by experiments (Neugebauer & Hickel, 2013). In addition, 

DFT is one of the basic techniques commonly used to calculate atoms, 

molecules, crystals, surfaces and their interactions by ab initio 

(Argaman & Makov, 2000). The optical, mechanical characteristics, 

electronic structures, hardnesses (Li et al., 2009), thermal expansion 

coefficient, bulk modulus, heat capacity (Guo-Liang et al., 2009), 

second-order elastic constants (SOEC) and third-order elastic 

constants(TOEC) (Zeng et al., 2017), the work functions of REB6 can 

be calculated by using DFT. Also, DFT is used to obtain energetic and 

dynamic donne of the atoms in different structures and surroundings 

(Schmidth et al., 2015). Generally, the properties of REB6 are studied 

by first- principles calculation connected to DFT. Thus DFT plays an 

significantt mission in REB6.  
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2. RESULT AND DISCUSSION 

The optical, mechanical features, electronic structures and hardnesses 

of REB6 can be calculated by using DFT (Li et al., 2009). Xiao et al. 

have examined the electronic structure, theoretical hardness, optical 

and mechanical features of mixed-valence SmB6 by first principles 

using DFT. The band structures of the SmB6 are semiconductors with 

a minimum gap. Also, their calculated results exhibit SmB6 is a brittle 

material (Xiao et al., 2017). In another study, Qi et al. synthesized the 

nanocrystalline Ca-doped CeB6 powders by using a solid state 

method. They found that Ca doped causes the absorption valleys to 

change to a longer wavelength direction and decreases the all kinetic 

energy of the electrons of CeB6 (Qi et al., 2018). In the low energy 

region the calculated energy loss function of Ce0.875Ca0.125B6 is shown 

in Figure 1. The plasma excitation frequency energy of CeB6 and 

Ce0.875Ca0.125B6 can be found to be 1.98 eV and 1.54  eV respectively, 

illustrating that the plasma excitation energy of CeB6 is decreased 

with Ca doped. This could describe the absorption valley of 

nanocrystalline Ce1-xCaxB6 red-shifts if the Ca doping content 

straightly enhances. The total kinetic energy of the electrons depends 

on the change of the plasma frequency. They found from the first 

principle consequences that the numerical values of the Fermi 

energies for CeB6 and Ce0.875Ca0.125B6 were 9.11230 eV and 8.55953 

eV, respectively. Ca doping causes both nanocrystal Ce1-xCaxB6  to the 

red shift in the absorption valley and reduce the total kinetic energy of 

electrons. 
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Figure 1: The energy loss function of Ce0.875Ca0.125B6 Adopted from (Qi et al, 2018) 

Copyright© 2017 Elsevier B.V. 

In another study, Chao et al. have produced SmB6 , LaB6 and Sm 

doped LaB6 via a solid state technique. The shift of the position of the 

minimum numerical value of LaB6 in the long wave direction is 

caused by increasing the amount of sm doped. They used DFT to 

commentate the optical features of Sm doped LaB6. According to their 

calculated consequences, the decreased number of conduction 

electrons causes the absorption spectra to alter and after Sm doped the 

Sm4f states alter DOS near the Fermi surface of LaB6 (Chao et al., 

2015).   
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In a different study, Liang et al. have analyzed the coefficient of 

thermal expansion, bulk modulus and thermal capacity of LaB6 by  the 

plane-wave pseudopotential technique, which uses a GGA within the 

framework of DFT. They applied a semi-harmonic Debye model that 

uses the total energy set against volume acquired by the plane wave 

pseudopotentenial technique to investigate thermal features and 

vibration impact (Guo-Liang et al., 2009). In a separate study, Gürel et 

al. have investigated the lattice-dynamical,  elastic, structural, and 

thermodynamical features of LaB6 and CeB6 by ab initio study. Their 

calculations were performed within linear-answer formalism and DFT 

performing pseudopotentials and a plane-wave basis.They obtained 

the thermodynamics properties of CeB6 and LaB6 by a quasiharmonic 

approximation (Gürel & Eryiğit, 2010). In another study, Schmidt et 

al. have examined the improvement of the interatomic potentials of 

LaB6 through a combination of DFT and molecular dynamics 

simulations. DFT is used to obtain energetic and dynamical data from 

atoms in a variety of  configurations and environments (Schmidt et al., 

2015). The lattice energy is shown in Fig.2. The atomization is called 

as cohesive energy. According to their calculated the atomization 

energy derived from the DFT and lattice sum yielded 20.130 eV 

and 20.177 eV respectively.  
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Figure 2: Atomization (Cohesive) energies from DFT for LaB6 Adopted from 

(Schmidt et al., 2015) Copyright© 2015 American Chemical Society 

In a different study, Zeng et al. have studied the complete set of the 

independent second-order elastic constants (SOEC) and third-order 

elastic constants (TOEC) of LaB6 and CeB6 by homogeneous 

deformation theory and the combination technique of first-principles 

calculations within the framwork of DFT (Zeng et al., 2017). SOECs 

and TOECs are used to model the mechanical answer of crystalline 

under high pressure. Fig.3. illustrated the strain–energy relations of 

LaB6 and CeB6. The solid lines and the discrete points represent the 

results acquired from fitted polynomials and the first-principles 

calculations within the framework of DFT, respectively. Resilience 

energy is also known as strain energy. The resilience energy with 

positive tensions is every time smaller than that negative tensions and 

hence the TOECs are classically negative.  
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Figure 3: The resilience energy relations of (a) CeB6 and (b) LaB6. The solid lines 

and the discrete points symbolize the consequences of third-order polynomial 

appropriating DFT results, respectively.  Adopted from (Zeng et al., 2017)  

Copyright© 2017 MDPI 

In a separate study, Bai et al. have calculated the chemical bond and 

structural features of CeB6 and EuB6 employing an all-electron full-

potential linearized augmented plane wave (FPLAPW) and GGA+U 

technique. Several 4f electrons in the Ce atom is dissimilar from that 

of the Eu atom.  The Ce-Ce and Eu-Eu bonds are generally ionic 

bonds, Ce (Eu)−B  bonds contains covalent and ionic bond properties 

(Bai & Ma, 2010). In another study, Chao et al. have studied the 
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optical features of Yb- doped LaB6 with first-principle calculations 

based on DFT. According to their results, Yb-doping reduces the 

plasmon energy of LaB6, it causes the position of the transmission 

peak to red shift in the visible-near infrared region, and the Yb 4f 

states on the near Fermi surface affect the optical characteristics. Also, 

the number of charge carriers, the all kinetic energy of the electrons, 

and the plasma frequency are decreased (Chao et al., 2016). In a 

different study, Ning et al. systematically studied the work functions 

of LnB6 (Ln = Gd, Pr, Nd) at (100) plane by first-principles 

calculation within the framework of DFT. It exhibits that the work 

function of LnB6 at (100) plane fits the connection of  Φ(GdB6)> 

Φ(NdB6) > Φ(PrB6) . They have proven that doping rare-earth 

improves the thermionic emission performance of CeB6 and decreases 

its work function (Ning et al., 2019). The work functions  illustrated 

on the (001) surface of LnB6 (Ln = Gd, Pr, Nd) is in Fig.4. The work 

functions of GdB6, NdB6 and PrB6 shown in black dots are 2.96 eV, 

2.87 eV and 2.84 eV respectively. The values of the work functions 

shown in red dots reduce to 2.71 eV, 2.47 eV and 2.38 eV, 

respectively after geometry optimization.   
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Figure 4: The work function on (001) surfaces of LnB6 (Ln = Pr, Nd and Gd) 

Adopted from (Ning et al., 2019) Copyright© 2019 John Wiley & Sons 

In a separate study, Liu et al. have systematically studied the work 

functions and the crystal electronic structures of binary and ternary 

REB6 (LaB6, CeB6, GdB6, NdB6, La0.75Ce0.25B6, La0.75Nd0.25B6, 

La0.75Gd0.25B6, Ce0.75Gd0.25B6) by the first-principles calculations 

based on DFT. REB6 indicates the big DOS close Fermi level. REB6 

with d orbital have superb emission performance and d orbital of RE 

effect the electronic states of electron emission near the Fermi level. 

Electron emission also known as field emission. 

They found that REB6 (RE = La, Ce, Gd) has a low work function. 

Doped of RE with effective d orbital electrons considerably reduces 

the work function of REB6. First principles calculations based on DFT 

ensure an excellent method for the investigation of field emission 
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features of REB6  (Liu et al., 2018). In another study, Liu et al. have 

systematically studied the bandgap, DOS and work functions of LaB6 

crystal surfaces by the first-principles calculations within the 

framework of DFT. According to their electronic structure 

calculations, they determined that LaB6 has a metallic feature and the 

big dos near the Fermi level of LaB6 are large consists of La 5d, 6s, 

and B 2p (Liu et al., 2017).   

Fig.5a and b exhibit the computed and total density of states (DOS) 

and partial density of states (PDOS) of LaB6. The valence 

configurations is (La:5s25p65d16s2), (B:2s22p1). The value of DOS 

near to the Fermi energy (-5 eV–5 eV) are large compared to another 

energy regions, in which the big DOS has been activated by La s, La 

p, La d, and B p orbitals and La d orbital electron are the major 

contributor. In the energy regions 0eV to 10 eV, –5eV–0eV, -10 eV to 

-5 eV, several levels of hybridization are seen between La d and B p 

electrons, and La d electrons have the main contribution in the 2eV–

5eV energy regions. The substances with electron emission are 

generally related with a big DOS near the Fermi level. The big DOS 

near the Fermi level of LaB6 will be accountable for its features of 

field emission. Fig.5c. illustrated the calculated energy band structure 

for the LaB6. The Fermi level is taken as 0 eV, another energy levels 

are described by comparing it with the Fermi level. They calculated 

the value of the bandgap as 0.038 eV and stated that the value of this 

small bandgap explains the metallic behavior. Fig.5d illustrated the 

crystal structure of LaB6. The lattice parameter is defined 
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experimentally at approximately c = 4.153 Å, with a boron positional 

constant of approximately z=0.1993.   
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Figure 5: (a) The partial DOS of LaB6, (b) total DOS, (c) electronic band structure 

and (d) Crystal structure Adopted from (Liu et al., 2017) Copyright© 2017 Elsevier 

Ltd 
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3. CONCLUSIONS 

The optical and mechanical features, hardnesses and electronic 

structure, elastic, lattice-dynamic, and thermodynamic properties of 

REB6 were calculated from basic principles based on the DFT. DFT is 

preferred to understand the optical features of rare-earth element-

doped REB6. The results show that before conducting experiments, for 

REB6 materials, DFT can provide information about the band 

structures of materials and whether the material is brittle and show 

conductive behavior or not. Furthermore, DFT can provide 

information that can not be obtained by experiments. For example, in 

the mentioned study, the Sm 4f states decreased a number of 

conduction electrons and change the DOS on the Fermi surface of Sm 

doped-REB6. Moreover, in another study, Yb-doping leads to a 

decrease in the all kinetic energy of the electrons, the number of 

charge carriers, and the plasmon energy of REB6. It also causes the 

position of the transmission peak in the visible-near infrared to be 

redshifted. Thus, by employing DFT, the mechanical, optical 

properties, electronic structures and hardnesses of REB6 can be 

examined detailly. This technique provides important advantages for 

studying REB6  materials at the nano/atomic scale. 
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INTRODUCTION 

It was estimated that annual financial losses caused by wear in the 

world are around 200 billion dollars (Savaşkan, 1999). In order to 

reduce these losses, improve the surface properties of the materials, 

and gather the desired properties, coating processes are carried out 

with different methods. Surface coating processes are used in many 

areas such as automotive, aircraft, electronics and health sector in 

order to improve and improve properties such as abrasion, corrosion, 

optics and beautify the external appearance. Instead of the entire 

substrate material, only the surface is improved using various coating 

methods such as PVD, CVD, thermal spray and friction. Friction 

surfacing, which is one of these coating methods, is based on the 

principle of coating by reaching high temperatures as a result of 

pressing the consumable rod, which performs rotational movement on 

the substrate material, with a certain axial force (Batchelor et al., 

1996). 

 

Figure 1: Schematic representation of the friction coating method 
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Friction surfacing, also known as friction deposition, is performed to 

improve and develop the properties of the substrate by depositing 

many materials such as tool steels, stainless steels, aluminum alloys 

and hardfacing materials on the surface. Friction surfacing, which 

continues to be used in many areas such as repairing axles, 

agricultural vehicles and anchor chains, increasing the wear resistance 

of materials, coating low carbon steels with high carbon steels, 

repairing the wearing parts of aircraft turbine blades and railway 

vehicles, continues to be a highly important coating method today 

(Rafi et al., 2011; Govardhan et al., 2012). In addition, one of the most 

important reasons for choosing this method can be shown as the 

coating process by reaching the plastic deformation temperature of the 

material without the need for an additional heating source. 

 

Figure 2: Friction surfacing process 



 
 65 

RESEARCH AND FINDINGS 

Coating efficiency is the ratio of the total material deposited on the 

substrate to the amount of material consumed from the consumable 

rod (Fitseva et al., 2015). One of the most important factors in 

determining the amount of material deposited on the coating is the 

accumulation that occurs in the flange area. When the number of 

revolutions exceeds a certain level, the accumulation in the flange area 

increases and the efficiency of the coating decreases (Fitseva et al., 

2015). The fact that the efficiency of the coating depends on the 

amount of material accumulating in this flange area sets the goal of 

minimizing the material accumulating in this area. In other words, the 

smaller the flange area at the end of the consumable rod, the higher 

the coating efficiency. The amount of material deposited on the 

coating is obtained by calculating the volume. The volume is 

calculated by measuring the width, length and height values of the 

material accumulated on the substrate material. After the volumetric 

calculations, the efficiency of the coating is obtained according to 

Equation 1. 

          (
                  

                          
)                     (1) 

 

In the graph in Figure 3, the yields of the coatings made at 800, 1000 

and 1200 rpm rotational speeds and Vh=120 mm/min horizontal feed 

and Vv=160 mm/min vertical feed rates are compared. Considering 

the efficiency of coatings made without powder addition, the highest 
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efficiency is 32.29% at 800 rpm. When we look at the 10% B4C 

added coatings, the highest efficiency is again at 800 rpm; When the 

efficiency of the coatings with 20% B4C added is examined, it is 

observed that the highest efficiency is at 1000 rpm and when the 

values of the coatings with 30% B4C addition are examined, the 

highest efficiency is again at 800 rpm. When the graph of Figure 3 is 

examined, the lowest efficiency was obtained in the 20% B4C powder 

added coating. 

In Figure 4, the efficiencies of B4C and TiC powder added coatings 

with n=1000 rpm, Vv=160 mm/min and 10% reinforcement ratio were 

compared. When the effect of horizontal feed rate on TiC and B4C 

powder-reinforced coating efficiencies was examined, it was seen that 

the efficiency of TiC-reinforced coatings was higher than the 

efficiency of B4C-reinforced coatings. In Figure 5, the comparison of 

coating efficiencies of B4C added coatings according to horizontal 

and vertical feed rate rates was given. When the effect of horizontal 

feed on the coating efficiency was examined, the best efficiency was 

obtained as 35.86% at a vertical feed rate of Vv=140 mm/min and a 

horizontal feed rate of Vf=140 mm/min. When the efficiencies of the 

coatings made with 160 mm/min vertical feed rate were examined, it 

was seen that the coating with the highest efficiency was obtained 

with Vf=100 mm/min horizontal feed rate. Likewise, in coatings made 

at a vertical feed rate of Vv=180 mm/min, the horizontal feed rate 

with the highest efficiency was 35.91% and Vf=120 mm/min. 

According to these results, it was seen that the horizontal and vertical 
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feed rates do not have a direct effect on the efficiency, and the most 

important parameters affecting the efficiency are the number of 

revolutions and the material combination (Fitseva et al., 2015). 

 

 

Figure 3: Comparison of coating efficiencies of coatings with and without B4C 

addition at 800, 1000 and 1200 rpm, Vf=120 mm/min, Vv=160 mm/min conditions 
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Figure 4: Comparison of the efficiency of S=1000 rpm, Vv=160 mm/min, 10% 

powder added B4C and TiC coatings 

 

 

Figure 5: Variation of coating efficiency of B4C added samples according to 

horizontal and vertical feed rate 
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CONCLUSIONS 

The efficiency of the materials coated with the friction coating method 

gives the ability of the coating material to accumulate on the surface 

on the substrate. The results obtained as a result of the comparison of 

the coating efficiencies as a result of the coatings are given below. 

 When the coating efficiencies were compared depending on the 

rotation speed during the coating of the material, it was seen that 

the highest efficiency was obtained in the coating made at 800 

rpm. 

 When a comparison was made according to the proportions of 

the powders, it was seen that the best efficiency was obtained in 

the 30% B4C addition. The highest reinforcement rate is due to 

the very good transfer of the consumable rod on the substrate 

and the good adhesion properties of B4C powder after the 

sintering process. 

 When a comparison is made according to the vertical and 

horizontal feed rates, it is seen that the highest coating efficiency 

is achieved at a vertical feed rate of 160 mm/min and a 

horizontal feed rate of 120 mm/min. Depending on these two 

parameters, vertical and horizontal feed rates make a positive 

contribution to the efficiency up to a certain limit speed, and 

adversely affect the efficiency when exceeding the limit speed. 

 When the coating efficiencies of TiC and B4C reinforced 

materials were compared, it was seen that the efficiency of TiC 

powder reinforced coating was higher at all three speeds. This 
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difference between B4C and TiC is thought to be related to the 

atomic structure and adhesion properties of the material. 
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INTRODUCTION 

Poly(vinyl chloride) (PVC) is one of the more used up thermoplastic 

polymers worldwide because of its general versatility and 

inexpensive. It is currently utilized in various  applications ranging 

from construction to packaging. PVC is only synthesized on an 

industrial scale by free-radical polymerization (FRP) (Abreu et al., 

2018). For the successful carrying out of a new polymerization 

technology for preparation of the PVC materials, it is very important 

to sustain the needed reactions conditions in the FRP process, which 

have been optimized for decades (Abreu et al., 2018; Fang et al., 

2018). Poly(vinyl chloride) (PVC), the second most synthesized 

thermoplastic polymer after polyethylene, has been one of the most 

importantmaterials in our daily life for years with wide applications 

such as engineering materials, medical devices, rigid pipes, flooring, 

window frames and filtration materials (Huang et al., 2016; Fang et 

al., 2015). 

Since it was first brought out in 1995, Atom transfer radical 

polymerization (ATRP) has been importantly utilized for block/graft 

copolymers synthesis and evaluated (Wang&Matyjaszewski, 1995; 

Wu et al., 2018; Lanzalaco et al., 2015; Brown et al., 2016; Wang et 

al., 2018; Okada& Matyjaszewski, 2015). The living/controlled 

radical polymerization techniques such as, which many research 

groups have focused heavily on perform studies, nitroxide-mediated 

polymerization (NMP), atom transfer radical polymerization (ATRP), 

and reversible addition fragmentation chain transfer polimerization 
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(RAFT) (YK&Ercole, 1998; Göktaş, 2020; Göktaş, 2019a; Yildiko et 

al., 2020).  

Graft copolymers which combined of different properties monomers 

are used in various fields of technology. Graft copolymers is an 

significant field of study in macromolecular chemistry such as 

polymer chemistry and polymer technology. Macromonomeric 

initiators have been widely used for synthesis various graft 

copolymers via a set of processes of the living/controlled radical 

polymerization (Göktaş, 2019b; Göktaş, 2019c; Göktaş&Olgun, 2019; 

Göktaş&Deng, 2018; Göktaş et al., 2014; Öztürk et al., 2010; Öztürk 

et al., 2014; Öztürk et al., 2020; Savaş&Öztürk, 2020; Tukur et al., 

2020;Öztürk&Cakmak; 2008; Coşkun&Seven; 2011; Paik et al., 

1998). A great number of graft copolymers synthesized by atom 

transfer radical polymerization (ATRP) is available in the 

macromolecular literature. For example, Paik et al. Graft copolymers 

of poly(viny1 chloride) with styrene and (meth)acrylates were 

prepared by atom transfer radical polymerization (Paik et al., 1998).  

Poly(vinyl chloride) (PVC) containing graft copolymers, such as 

poly(vinyl chloride) (PVC), hydroxyethyl methacrylate (HEMA), 

(Fang et al., 2018) poly(vinyl chloride) (PVC), methyl methacrylate 

(MMA), pentafluorophenyl methacrylate (PFMA), and oligo (ethylene 

glycol) methyl ether methacrylate (OEGMA), (Huang et al., 2016) 

poly(vinyl chloride) (PVC), poly(N,N-dimethylaminoethyl 

methacrylate) (PDMA), (Fang et al., 2015) poly(vinyl chloride) 

(PVC), poly (ethylene glycol) methyl ether methacrylate, (Wu et al., 

2018) poly(vinyl chloride) (PVC), hydroxyethyl methacrylate 
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(HEMA), (Lanzalaco et al., 2015) poly(vinyl chloride) (PVC), bis(2-

bromo-2-methylpropanoatoethyl)amino vinyl (DEAB), methyl 

methacrylate (MMA), (Coşkun&Seven, 2011) poly(vinyl chloride) 

(PVC), n-butyl acrylate (BA), 2-ethyl hexyl acrylate (EHA), 

(Bicak&Ozlem, 2003) were also synthesized by atom transfer radical 

polymerization (ATRP).  

In this study, poly(vinyl chloride) (PVC) based graft copolymer PVC-

g-poly(acrylamide) was synthesized by copolymerization of 

acrylamide (AAm) monomers onto chains of PVC via ATRP using 

PVC macro initiator. 

EXPERIMENTAL 

Materials 

Acrylamide (AAm), copper(I) chloride (CuCl), PVC (approximately 

Mn= 99,000 g/mol) were received from Aldrich. N,N,N′,N′′,N′′-

Pentamethyldiethylenetriamine (PMDETA) was supplied by Acros. 

Methanol, N,N-dimethylformamide (DMF), ether were received from 

Sigma-Aldrich and used as received. All other chemicals were  

supplied by fluka and used as received.  

Purification of PVC  

PVC was purified as shown in literatures, (Öztürk et al., 2014) 2.5 g 

of PVC (approximately Mn= 99,000 g/mol) was solved in 40 mL of 

THF in 24 h and precipitated in methanol and dried under vacuum at 

25 oC for 48 h before use.  
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The synthesis procedure of PVC-g-poly(AAm) graft copolymers 

Graft copolymer PVC-g-poly(acrylamide) was prepared via ATRP. In 

accordance with ATRP mechanism, First, PVC (macro initiator) and 

monomers were spread out in N,N-dimethylformamide (DMF) as a 

solvent in a tube. Second, PMDETA and CuCl were filled into the 

flask. Finally, polymerization was carried out in a 90 °C oil bath. At 

the end of polymerization, the reaction mixture was droped into an 

excess of methanol to separate of the PVC-g-poly(acrylamide) graft 

copolymer. The obtained polymers were dried in a vacuum oven and 

the graft copolymer yield was found out gravimetrically. 

RESULTS AND DISCUSSION 

Purification of PVC  

Before being used of the PVC (macro initiator) in the polymerization 

processes, it was purified and then its molecular weight was 

determined by GPC (Mn,GPC = 85931 g/mol) in Figure 1. The FTIR 

spectra of PVC in Figure 2a displays 2909 and 2968 cm-1 for –CH2 

and –CH bands. The 1H-NMR spectrum of PVC in Figure 4a shown 

the typically signals at 4.5 ppm for –CH and at 2.2 ppm for –CH2.  
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Figure 1: GPC molar mass diagram of PVC (macro initiator). 

 

 

Figure 2: FTIR spectra of PVC (a), PVC-g-poly(AAm) graft copolymers (b). 
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The synthesis procedure of PVC-g-poly(AAm) graft copolymers 

 

In the present study, a common vinyl monomer can be easily grafted 

onto PVC via ATRP due to the labile chlorine in PVC macroinitiator. 

The ATRP launched to synthesis PVC-g-poly(AAm) graft copolymers 

using the macroinitiator (PVC). The synthesis route of the PVC-g-

poly(AAm) graft copolymers is displayed in Figure 3. ATRP was 

assessed by altering the amount of monomer and macroinitiator in the 

attendance of PVC (macroinitiator). The results of the graft 

copolymerization of AAm which obtained by ATRP is presented in 

Table 1,2. The conversion of the graft copolymers decreased from 

60.10 wt% to 14. 86 wt% (Table 1) and  increased from 13.94 wt% to 

54.06 wt% (Table 2) over time. 

 

Figure 3: Synthetic route PVC-g-poly(AAm) graft copolymers. 

 

The FTIR spectra of the P(VC-g-AAm) graft copolymers is presented 

in Figure 2b. The bands at 3198 and 3338 cm-1 for –NH2 bands, 2930 
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cm-1 for –CH2 and –CH bands, 1723 cm-1 for –C=O bands. Typical 

1H-NMR spectra of the PVC-g-poly(AAm) graft copolymers in Figure 

4b displays 2.4 ppm for –CH2 of PAAm and PVC block, 3.2 ppm for 

–CH of PAAm and PVC block, 4.5 ppm for –CH of PVC block, 6.0, 

6.1, 7.0 and 7.4 ppm for –NH2 of PAAm block. 

The block lengths of PVC-g-poly(AAm) graft copolymers were 

arranged utilizing the 1H-NMR spectrum. The block lengths of the 

graft copolymers was arranged utilizing the integral ratios of the 

signals corresponding to the –NH2 of poly-AAm (=6.0ppm), –CH of 

poly-PVC (=4.5 ppm). The block size of the graft copolymers can be 

designed by varying the amount of AAm and macromonomeric 

initiator (in Table 1-2). 
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Figure 4: 1H-NMR spectrum of PVC (a), PVC-g-poly(AAm) graft copolymers (b). 
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Thermal analysis of graft copolymers 

The thermal properties of PVC-g-poly(AAm) graft copolymers were 

inquired into by thermogravimetric analysis (TGA), differential 

scanning calorimetry (DSC). The thermal decomposition temperature 

of PVC-g-poly(AAm) graft copolymers were proved via TGA. TGA 

curves of the graft copolymers was acquired by noting  their weight 

loss curves with increasing temperature (in Figure 5). Weight loss of 

the graft copolymer with TGA analysis started at 25 oC and ended 

with two decays at 550 oC (in Figure 5). With the help of TGA 

characterization, it was observed that the weight loss and 

decomposition temperatures (Td) of the graft copolymers were 160 oC 

for the PAAm, 260 oC for the PVC, respectively. 

 

Figure 5: TGA curves of the PVC-g-poly(AAm) graft copolymers (MB series). 
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DSC analysis of the PVC-g-poly(AAm) graft copolymers were also 

carried out (Figure 6). Graft copolymers (MB-2 and MB-5 in Table 2) 

shown glass transition temperature (Tg) value about 40 0C. The glass 

transition temperature of the graft copolymers was different from the 

homo polymers. The glass transition temperature results for the graft 

copolymer show the miscibility of the homopolymers. 

 

Figure 6: TGA curves of PVC-g-poly(AAm) graft copolymers (MB-2, MB-5 in 

Table 2). 

SEM analysis was performed to examine the surface morphology of 

the graft copolymers. According to SEM analysis of PVC-g-poly 

(AAm) graft copolymers, it was observed that the distribution of graft 

copolymers within each other was good. SEM pictures of the graft 

copolymers were demonstrated in Figure 7. 
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Figure 7: SEM micrographs of the PVC-g-poly(AAm) graft copolymers: BM-1 (a, 

a’), BM-5 (b, b’), (in Table-1). 

CONCLUSIONS 

In here, PVC based graft copolymers, PVC-g-poly(acrylamide) P(VC-

g-AAm) graft copolymers, were synthesized by atom transfer radical 

polymerization (ATRP). High molecular weight PVC, which is an 

initiator suitable for ATRP polymerization, was used in the study. 

PVC is not a polymer prone to being processed as it is produced, but 

after the plasticizer, colorant, filler are added, they are shaped as a 

material. In our study, we synthesized and evaluated PVC-g-poly 

(acrylamide) graft copolymers by binding acrylamide monomer to 

PVC with ATRP. High molecular weight polymers such as block and 
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graft copolymers synthesized using macro initiators such as PVC can 

make a great contribution to materials science and polymer 

technology. The products were characterized using spectroscopic 

methods and multi-instruments.  

Table 1: Effect of AAm amount on graft copolymerization. Polym. temp.= 90 0C;  

polym. time = 6 h; DMF= 3 mL. 

 

Table 2: Effect of macromonomeric initiator (PVC) on graft copolymerization. 

Polym. temp.= 90 0C; polym. time = 6 h; DMF= 3 mL. 
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INTRODUCTION 

Naturally occurring lead (Pb) in the environment is produced by 

mining and manufacturing activities (Health, 1987). In addition, it is 

agreed that metals such as lead, which are toxic and non-

biodegradable, accumulate in many aquatic creatures and cause 

various diseases such as kidney, liver lesions, endocrine disorders and 

the effect of cell membrane lipids on central nervous system cells 

(Lliopoulou-Georgudaki and Kotsanis 2001). 

Nitrilotriacetic acid (NTA), the formula N(CH2CO2H)3, is a colorless 

solid and used as a chelating agent, which forms coordination 

compounds with metal ions (chelates) such as Ca2+, Cu2+, and Fe3+. 

The nitrilotriacetic acid (NTA) seems to be a promising “anti-

pollutant”, to prevent fish-kills in case of short-term breakdown of 

normal pollution controls in the aquatic environment (Sprague, 1968). 

NTA, known as a powerful chelating agent, can affect heavy metals in 

the aquatic environment even at very low concentrations in aquatic 

environments (Zitko and Carson 1972). 

 

 

Figure 1: Structure of the NTA (URL1) 
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Blood biochemical parameters are among the factors that determine 

the health status of fish (Blaxhall and Daisley 1973; Desai et al., 

2002). It is known that the energy requirement increases under stress 

conditions such as environmental pollution where fish are affected. 

Fish provide these energy requirements from sources such as glucose, 

glycogen, protein and lipids (Wandelaar Bonga, 1997; Levesque et al., 

2002).  

Plasma enzyme activities (cortisol, AST - aspartate aminotransferase 

and ALT - alanine aminotransferase) have been widely used an 

indicator of environmental and aquatic pollution (Nemcsok and 

Hughes 1988; Pelgrom et al., 1985; Shah and Altindag 2004). 

Biochemical parameters such as cortisol, ALT and AST in fish are 

good markers for fish metabolism under the influence of heavy 

metals. 

The purpose of this study,was the effects of Pb and Pb+NTA on 

selected biochemical parameters (cortisol, ALT and AST) in Nile fish 

(O. niloticus) exposed to the sublethal concentration of Pb and 

Pb+NTA.  

MATERIALS AND METHODS 

Nile fish O. niloticus was obtained from fish production ponds of 

Cukurova University and adapted to the environment at 25 ± 1 ° C for 

2 months in the laboratory. At the end of this adaptation period, the 

average body measurements and body masses of the animals were 

13.3 ± 1.57 cm and 47.6 ± 3.25 g, respectively. Fish were exposed to 
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1.0 mg/L Pb and 1.0 mg/L Pb + 1.0 mg/L NTA at 2, 4 and 6 days. 

Experiments were carried out in three groups. In the first group, the 

fish were left at 1.0 mg / L Pb concentrations, in the second group 1.0 

mg / L Pb + 1.0 mg / L NTA concentrations, and in the third group 

they were used as control. 

Fish in experiments were carried out in three replicates, with two fish 

per repeat. After 2, 4 and 6 days, the fish were removed from the 

aquarium, after anesthesia with MS-222, the water droplets on it were 

removed with blotter paper and the tail section was cut and their blood 

was taken. Blood was centrifuged at 4000 rpm over 10 min at 15 0C. 

ALT and AST activities were determined using the UV test technique 

(Bergmeyer et al., 1985) and determined by ROCHE Hitachi E-170 

and DPP. Cortisol level was measured by an 

electrochemiluminometric technique (Chiu et al., 2003). 

Data are presented as mean ± standard error. For the statistical 

analysis, it was used one-way analysis of variance (ANOVA) 

followed by Student Newman–Keul’s test using SPSS 10.0 statistical 

software (SPSS Inc., Chicago, IL). Differences were considered 

significant if P < 0.05. 

RESULTS AND DISCUSSION 

During the experiments, no death was observed in the ambient lead 

and lead-NTA mixture effects. Statistical analysis was done with the 

"SNK" test, the difference between groups was measured to be 

significant at P <0.05. 
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Measuring blood cortisol levels in fish are good indicator of metal 

stress on fish. It has been shown that cortisol, a stress hormone, 

increases glucose production in fish through both gluconeogenesis and 

glycogenolysis in the presence of stress in the environment and 

possibly plays an important role in the stress-related increase in 

plasma glucose concentration (Iwama et al., 1999). In our study, it 

was determined that both Pb alone and the mixture of Pb + NTA 

caused an increase in cortisol levels compared to the control group 

(Table 1). In a similar study, Monteiro et al. (2005) observed that the 

blood cortisol level of O. niloticus increased under the effect of copper 

exposure. The decrease in blood cortisol levels under the Pb + NTA 

effect compared to the Pb effect alone indicates that NTA has a 

chelating effect. 

Biochemical parameters such as ALT and AST in fish are good 

markers for fish metabolism under the influence of metal and are 

widely used in veterinary medicine in the diagnosis of physiological 

conditions and diseases of fish. And also, serum ALT and AST levels 

are important markers used especially in the diagnosis of damage to 

fish tissues (gill, muscle, liver) (De La Tore et al., 2000). These 

markers have been useful to determine in the diagnosis of liver and 

kidney diseases in fish (Maita et al., 1984; Adel et al., 2006). These 

enzymes of O. niloticus increased in response to lead exposures when 

compared to control during 2, 4 and 6 days (Figure 2 and 3). In our 

study, a significant increase was observed in blood ALT and AST 

levels under the effect of lead concentrations. Many researchers found 
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in their studies that these increases in fish serum ALT and AST levels 

were highly affected by environmental stress factors (De La Tore et 

al., 2000; Adel et al., 2006). It is thought that the increased ALT and 

AST levels in the serum of O. niloticus may have as a result of 

meeting the excess energy needed to combat stress caused by heavy 

metals such as lead. The presence of NTA in the environment is 

thought to reduce the toxic effect of lead in the environment due to its 

chelating effect on metal. While these decreases in the presence of 

NTA were observed as an increase or decrease in the lead effect alone, 

it was observed that these changes in the NTA effect approached the 

control level. The changes in these parameters show statistical 

significance. 

In conclusion, the data obtained in this study show that lead causes an 

increase in plasma enzymes (cortisol, ALT and AST). NTA in 

combination with Pb caused a decrease in the toxic effect of Pb on 

plasma enzyme parameters. The present results show that NTA has an 

inhibitory effect against Pb-induced toxicity. 

 



 
98 RECENT ADVANCES IN ENGINEERING, SCIENCE AND 

CONSTRUCTION 

 

Figure 2: Serum ALT levels (UL) of Nile fish O. niloticus exposed to Pb, Pb+NTA 

for 2, 4 and 6 days. 

 

 

Figure 3: Serum AST levels (UL) of Nile fish O. niloticus exposed to Pb, Pb+NTA 

for 2, 4 and 6 days. 
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Table 1: Serum Cortisol (ng/dL) levels of O. niloticus under the exposure of Pb and 

Pb+NTA for 2,4 and 6 days. Letters a,b and c show the differences between groups 

at the same time (p<0.05) 

 

Days Control 1.0 ppm Pb 1.0 ppm Pb + 1.0 ppm 

NTA 

2 6.11± 0.03   a 7.13 ± 0.61    b 7.2± 0.30    b 

4 5.90± 0.01   a 6.41 ± 0.22    b 5.8± 0.09   a 

6 6.00± 0.04   a 7.75 ± 0.11    b 5.0± 0.80   c 
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INTRODUCTION 

Poultry has enormous importance as a rich source of animal protein 

for the human. The poultry industry is overgrowing day by day. 

Worldwide, its share of annual meat production is about 34% 

(M'Sadeq et al., 2015). However, the poultry industry faces huge 

production losses due to infectious diseases, including necrotic 

enteritis (Van Immerseel et al., 2016). Enteric infections are of 

particular concern to the poultry industry due to high mortality, losses 

in production, reduced weight gain and increased contamination of 

poultry products anticipated for human consumption (Hafez et al., 

2011). Among the enteric diseases of the poultry, Necrotic enteritis 

(NE) caused by Clostridium perfringes is considerably important, 

causing widespread intestinal necrosis (Moore, 2016). The recent 

years have seen a marked increase in severity and occurrence of NE. 

Its re-emergence is a considerable alarm for the poultry industry as 

clinical forms of the disease are associated with high mortality, and 

subclinical conditions adversely affect feed conversion ratio and 

growth performance. The disease is worldwide, and birds are most 

susceptible in the first 3-4 weeks of age, economically the most 

important period for a broiler farmer (Zahoor et al., 2018). It adversely 

affects the feed growth performance of the birds, but in severe cases, 

can result in 10-40% mortality in infected flocks (McDevitt et al., 

2006). The NE-infected birds suffer poor FCR and estimated 12% 

decreased body weight compared with normal healthy birds (Skinner 

et al., 2010). According to an estimate, about 6 billion USD losses are 

due to NE (Umar et al., 2016).   
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The accurate diagnosis of NE is essential for the correct interpretation 

of scientific studies and possible infectious disease prevention. The 

correct and definite diagnosis of the clostridial disease is necessary for 

its proper treatment. Previously, antimicrobials were routinely used 

for prophylactic control of NE in poultry. However, the recent 

banning of their use and modern and effective alternatives due to drug 

resistance is essential for successfully managing NE. Preventive 

treatment involves controlling predisposing factors, including diet 

modifications, and improving the overall hygiene of the environment. 

The control strategies should also target the causative agent by 

controlling the colonization, proliferation, and survival of lethal 

strains of the microbes and controlling the pathogenicity and virulence 

factors of the microbes. Vaccination against the disease is an effective 

approach. However, live vaccines can trigger the disease spread due to 

poor poultry management system and weak immune status of the 

birds.  

The use of plants (Engberg et al., 2013) and other feed additives, 

including probiotics (bacteria and yeasts), essential oils (Liu et al., 

2016; Timbermont et al., 2010), enzymes (Caly et al., 2015), organic 

acids (Geier et al., 2010; Timbermont et al., 2010), lysozyme (Liu et 

al., 2010). Annatto extracts (Galindo-Cuspinera et al., 2003) and 

antimicrobial peptides (Fig.1) are appealing approaches against C. 

perfringens. This manuscript focuses on pathogenicity and the control 

of NE by probiotics and prebiotics and vaccination against C. 

perfringens. The non-conventional control measures for NE are also 

covered in the manuscript. 
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Predisposing factors 

NE in poultry was first reported in the 1950s and since then, continues 

to be reported in periodic episodes in various regions of the world. 

Several factors are responsible for the development of the disease 

(Figure 1). Although the causative agent is C. perfringes, the other 

factors responsible for the proliferation of the infection and the 

resultant effect of the disease are poorly understood. The onset of the 

disease is linked with a change in normal microflora present in birds' 

gastrointestinal tract (Antonissen et al., 2016). Any stress to the birds 

can also cause immunosuppression and disrupts the intestinal 

environment to favor the development of NE (Tsiouris, 2016).   

The NE is considered to be directly related to the factors involved in 

the rearing of the birds. Management factors could have a marked 

effect on the pathogenesis of necrotic enteritis. In most experimental 

models, coccidiosis and supplementation of protein-rich fish meals are 

essential predisposing factors (Wu et al., 2014). Coccidiosis has bad 

effects on the intestines that make them susceptible to NE.s The 

integrity of gut is compromised by injury and damage to GIT which 

(M'Sadeq et al., 2015) opens access to the basal layer of the intestine 

which can become an important infection site in the initial stages of 

the disease, (Van Immerseel et al., 2016) can expose collagen and 

extracellular molecules, which play a critical role in adherence of C. 

perfringens (Wade and Keyburn 2015; Hafez et al., 2011) can result in 

leakage of serum into intestinal lumen which acts as rich source of 

nutrients for C. perfringens; and (Moore, 2016; Umar et al., 2016) 
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cause production of mucus which serves as high protein nutrient 

source for C. perfringens proliferation (Moore, 2016). Therefore, the 

control of coccidiosis is imperative for the successful control of NE.  

 

Figure 1. Pre-disposing factors or causative agents of Necrotic enteritis. 

Etiology and characterization of various C. perfringens toxins 

Necrotic enteritis is caused by some strains of C. perfringens, a spore-

forming gram-positive bacterium. Any factor affecting the intestine, 

including stocking density, stress, the occurrence of coccidiosis or 

infectious bursal disease and changes in intestinal motility etc. can 

have a role in the pathogenesis of NE (Zahoor et al., 2018). 

C. perfringens can produce four types of lethal toxins (alpha, beta, 

epsilon, and iota) and categorize them into different biotypes A, B, C, 

D, and E (Hafez, 2011). Besides the above-mentioned toxins, some C. 

perfringens strains also produce beta2 (CPB2) and enterotoxin (CPE), 

which have been reported to be involved in the pathogenesis of enteric 
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disorders (Zeng et al., 2016). A novel toxin named NetB was recently 

discovered in A strains of C. perfringens isolated from the birds 

infected with NE (Keyburn et al., 2008). It is reported to be a βpore-

forming toxin of the family α-hemolysin and is necessary for the 

development of NE (Rood et al., 2016). Smyth and Mertin (Smyth and 

Martin, 2010) have reported that 58% of cases of NE were due to 

NetB toxin, while according to Gad et al. (2011), it is also found in 

normal chickens.  

About 17 genes of C. perfringens have been classified, which encode 

endotoxins and exotoxins (Songr, 1996; Keyburn et al., 2010). Many 

molecular techniques, including multi-locus variable number of 

tandem repeats analysis (MVRT) (Sawires and Songer, 2005), pulsed-

field gel electrophoresis (Crespo et al., 2007), and multilocus 

sequence typing (MLST)-(Jost et al., 2006) are described to access the 

genetic diversity of C. perfringens populations and to investigate 

isolates in the field outbreaks (Chalmers et al., 2008). Four major 

toxins (α, β.ε, and ι) are used to toxinotyped C. perfringens isolates. 

Various other minor toxins, e.g., β2 toxin, CPE, collagenase (κ-toxin), 

and perfringolysin O (θ-toxin) are also produced by various strains of 

C. perfringens. The term minor toxins are used for them because they 

are produced in less quantity or are less important (Rood et al., 2016; 

Uzal et al., 2014). A brief review of the activities of α and β toxins is 

provided below.  
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Alpha toxin 

The alpha-toxin, a membrane-associated, chromosome encoded 

phospholipase, was thought to be a leading toxin inked to NE 

(Ellenmor et al., 1999) before the discovery of NetB- a class of βpore-

forming toxins that are presently understood to be the main virulence 

factor documented for pathogenesis (Keyburn et al., 2008). It is the 

main extracellular toxin shown to be necessary for developing 

clostridial myonecrosis (Awad et al., 1995).  Earlier research pointed 

out that secretions of C. perfringens could produce typical lesions of 

poultry NE. Since alpha-toxin was considered the main constituent of 

secretions, it was considered responsible for these lesions. Alpha toxin 

comprises two domains responsible for phospholipase C action (N- 

domain consisting of 1-250 residues) and membrane recognition 

action (C-domain, 251-370 residues). The terminal C-domain plays a 

role in maintaining the active form of toxin and works in a calcium-

dependent fashion in regulating interactions with membrane-

associated phospholipids. These two domains are not toxic at the 

individual level but are quite immunogenic in mice. However, the 

immune response against C-domain was effective in protecting against 

subsequent challenges. Due to this reason, the terminal C domain of α-

toxin has undergone extensive investigation as a vaccine candidate for 

C. perfringens infection by delivering either as purified protein or by 

attenuated live bacteria (Jiang et al., 2015).   
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Net B toxin 

Current studies have highlighted the role of a new toxin in NE known 

as NetB toxin. It was the first time reported in an Australian strain of 

C. perfringens type A (Keyburn et al., 2008). It is discovered to be 

associated with most of the necrotic enteritis-associated clostridial 

strains worldwide (Jiang et al., 2015; Rood et al., 2016). It is also 

considered the most important virulence factor responsible for 

necrotic enteritis in poultry. This pore-forming toxin is encoded by a 

relatively large conjugative plasmid (nearly 85 kilobase within a 42-

kb pathogenicity locus designated as NELoc-1) and shows almost 

38% identity to b-toxin of C. perfringens (Keyburn et al., 2010; 

Keyburn et al., 2008). This toxin also shows 29% resemblance to 

hemolysin II toxin of Bacillus cereus and 30% resemblance to alpha-

toxin produced by staphylococcus aureus. The surveys of clostridial 

isolates from poultry have shown that the NetB gene is more prevalent 

in clostridial strains from infected birds than normal birds (Rood et al., 

2016). However, a Denmark survey has shown more NetB gene 

incidence in clostridial isolates obtained from healthy birds 

(Abildgaard et al., 2010). This discovery shows that simple clostridial 

infection is insufficient to produce disease. So it was concluded that 

other predisposing factors must be present to develop the disease 

(Moore, 2016; Shojadoost et al., 2012). The NetB caused pathological 

changes in the chicken's leghorn male hepatoma (LMH) cells, 

rounding, and subsequent lysis of cells. Polyethylene glycol (PEG) 

1500 and PEG 1000 were able to block these pathological changes 
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and LDH release from the cells, showing that toxin-dependent pore 

formation in the cell membrane is responsible for these changes.  

The polyethylene glycol (PEG), an osmotic stabilizer, effectively 

inhibited target cell lysis if it cannot pass through toxin generated 

hole.  Based on estimated radii of several PEG molecules, it was 

concluded that NetB produced a 1.6-1.8 nm diameter hydrophilic pore 

in the plasma membrane. The crystal structure determination of NetB 

pore showed an internal diameter of 26Å (Sawa et al., 2013). The 

detailed structure of NetB monomeric molecule has been estimated up 

to a resolution of 1.8Å (Yan et al., 2013). It showed that it contained 

rim, prestem, latch, and β-sandwich domains typically associated with 

α-hemolysin family of β-pore inducing proteins. The structure of this 

toxin is almost identical to C. perfringens δ-toxin despite having a 

different sequence of amino acids. The rim domain in most other 

βpore-forming toxins is linked to lipid binding while it deletes four 

amino acids in NetB. This fact highlights that this toxin has a different 

target on the cell surface. When the ability of NetB to generate pores 

in planar bilayers of phospholipids was analyzed, it was observed that 

pore channels of NetB have a high preference for cations than anions 

(Yan et al., 2013). The NetB structure excluding the first 20 amino 

acids of the N-terminus has been studied up to a resolution of 3.9Å 

after purification and solubilization of the complex structure through 

lipid vesicles (Sawa et al., 2013). Similar to monomer, the pore 

structure also shows resemblance with staphylococcal α-hemolysin. It 

consists of seven monomers of NetB assembled in a ring structure, 

and the transmembrane hydrophobic domain covers residues from 
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1121 to V146 (Numbered from N-terminal amino acids). Liposome 

studies have shown that NetB generated a hydrophilic hole with a 

functional diameter of nearly 1.6-1.8Å in the plasma membrane. 

When the crystal structure possessed by NetB was determined, it 

showed an internal diameter of about 26Å (Sawa et al., 2013), which 

agreed with the preliminary findings.  

Along with NetB and alpha toxins, various host factors and secretions 

of C. perfringens also have a predominant role in disease 

pathogenesis. These secretions include proteolytic and hydrolytic 

enzymes (Myers et al., 2006) responsible for the damage to the basal 

lamina and enterocytes lateral domains (Shimizu et al., 2002). These 

proteolytic activities have effects on cellular junctions and also on the 

extracellular matrix. The C. perfringens affects the intestinal tissues of 

birds and causes an increase in collagenolytic activities of matrix 

metalloproteinase (MMP-2). This activity is considered to be 

responsible for pathological changes at basal lamina as well as at 

enterocyte lateral domains (Olkowski et al., 2008). Besides toxins, 

highly fibrous diets, poor housing, and hygienic conditions also play a 

role in the pathogenesis of NE.  

Pathogenicity of NE 

The gross pathology of NE is highly variable. The lesions vary from 

being focal to multifocal and convalescent, and in the severe case of 

the disease can be diffused throughout the small intestine. Although 

lesions are frequently associated with the proximal portion of the 

jejunum, practically all of the small intestine, including the cecum 
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region, can be involved. Necrotic and fibronecrotic lesions can be 

identified by tan discoloration of mucosa (Shojadoost et al., 2012). In 

few cases, mucosal thickening can occur due to the accumulation of 

necrotic debris and adherent fibrin. The mucosa becomes coarse and 

granular in texture and can be moderately moist and soft or firm and 

adherent. The ulcers are represented by depressed foci having 

roughened red surfaces, and there can be limited hemorrhages in the 

lumen or at the margins (Smyth, 2016). In birds having necrotic 

enteritis, all the lesions having a crater-like appearance are commonly 

designated as ulcers. At the same time, many of them may represent 

areas having mucosal thickening associated with sloughing of 

necrosed mucosa. Such areas have a smooth and glistening surface, 

which is somewhat depressed as compared to surrounding mucosa. 

Most often, the mucosal rim around these re-epithelialized craters and 

ulcers has tan discoloration due to necrosis. Re-epithelialized craters 

and ulcers are frequently visible on the serosal surface. The intestinal 

walls become thin and flaccid due to sloughing of necrosed mucosa 

and loss of tone by smooth muscles. The lumen of the intestine may 

accumulate sloughed necrotic debris and foul gases (Smyth, 2016). 

The luminal contents and mucosal surface in the duodenum and 

proximal jejunum are frequently discolored by dark green and thick 

bile.  

The microscopic lesions of NE are very characteristic but not 

pathognomonic as other clostridia, e.g., C. sordellii (Rimoldi et al., 

2015) and C. colinum (Swayne, 2013), may produce very identical 

lesions. Therefore, the immunohistochemical and cultural 
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confirmation of C. perfringens is necessary and intestinal lesions for 

accurate diagnosis of NE. Single scattered villi or groups(s) of villi or 

total villi in a given section may be infected. A superficial zone of 

variable thickening with markedly eosinophilic necrotic material may 

be present, coated with a thick layer of clostridia. It is separated from 

surrounding healthy tissues by a zone of heterophilic infiltration. 

Sometimes bacteria and necrosed lamina propria are found under 

comparatively normal epithelial tissues. Necrotic coagulum may also 

have huge bacterial clumps.  

The craters that have undergone re-epithelialization are evident as 

areas with increased depth of crypts but reduced villi height. 

Pathological changes such as intestinal villi, separation of lamina 

propria and epithelium, strips of separated epithelial cells etc., should 

be interpreted with care because these changes are also associated 

with autolysis following the bird's death and can be mistakenly 

interpreted as pathological lesions of NE (Smyth, 2016). The 

pathologists must be familiar with the appearance of freshly dead 

birds and birds that are dead for hours or days. Also, a complete 

inspection of intestines for characteristic lesions and microbiological 

demonstration of the agent in tissues is mandatory for the correct 

diagnosis of the problem.   

Control strategies  

The following three strategies are proposed for control of poultry NE: 

(M’Sadeq et al., 2015) the use of biosecurity measures to minimize 

the environmental exposure, (Van Immerseel et al., 2016) boost up the 
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bird’s resistance to pathogenic clostridial species by genetic selection, 

vaccination, and competitive exclusion, etc. and (Hafez. 2016) use of 

anti-bacterial approaches (probiotics, prebiotics) to lessen and even 

wipe out pathogenic Clostridia from infected chickens (e.g., 

bacteriocin treatment and bacteriophage therapy, etc.). The bird’s 

genetics seems to influence the susceptibility to necrotic enteritis, as is 

shown by the difference in susceptibility of different breeding lines of 

poultry (Jang et al., 2013) to NE. The use of natural intervention 

approaches for poultry production has become necessary due to 

limitations on antibiotics placed by legislation (Liu et al., 2016). 

Therefore, there is an urgent need to control NE in all possible ways 

and means. Here, we discussed briefly the role of dietary supplement 

including prebiotics, probiotics, vaccination, and bacteriophage 

therapy, against this NE (Figure 2). 

Figure 2. Possible control stratergies against Necrotic enteritis. 
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Dietary control 

The dietary approach to minimize the devastating losses suffered by 

the poultry industry due to this disease is an excellent opportunity for 

NE control. Dietary ingredients have a critical role in the development 

of NE. It was observed that confining the feed of broilers effectively 

reduced the intensity of necrotic enteritis lesions and decreased the 

population of C. perfringens in the caecum (Tsiouris et al., 2014). The 

positive effect of confining feed access was due to the immune system 

and neuroendocrine influence and the non-availability of nutrients in 

the digestive tract. Moreover, confining the feed also improved 

circulation to the mucosa of the intestines, thus protecting it against 

necrosis (Tsiouris et al., 2014). The birds fed on rye oats, barley, and 

wheat-based diets have more NE incidence than the birds fed diets 

based on maize (Annett et al., 2002). The maize is understood to be a 

good ingredient of the broiler diet due to its high energy contents, and 

its inclusion in the birds' diets also decreases the NE incidence in the 

birds (Moore, 2016). Cereal grains contain a high quantity of non-

starch polysaccharides (NSP). The presence of NSPs increases the 

viscosity and passage time of intestinal contents (Moore, 2016), which 

can help in bacterial colonization in the intestine. Hence, an increase 

in viscosity and passage time increases the bird’s susceptibility to NE. 

Therefore, the reduction in amounts of cereal grains in feed can be 

helpful to control NE. Some experimental models have utilized a high 

level of animal origin proteins in the diet, especially fishmeal, as a 

predisposing factor (Cooper and Songer, 2009; Keyburn et al., 2006; 

Wu et al., 2014). High protein contents in the intestines can increase 
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the growth and proliferation of C. perfringens and alter the 

composition of normal microflora. These effects are due to increased 

nutrients supply and an increase in intestinal Ph.  

The supplementation of broiler’s feed with beneficial probiotics has 

shown to be effective in controlling the growth of pathogens and 

diseases (Figure 3). The health, feed conversion ratio, and weight gain 

are improved by supplemented feed containing probiotics bacteria 

(Caly et al., 2015). Many products effective against infectious diseases 

including NE are commercially available in the market (Table 1). 

Probiotics are live microbes that benefit the host by improving 

intestinal microbial balance (Caly et al., 2015). The probiotics interact 

with the host to improve intestinal morphology and immunity and thus 

lessen the risk of opportunistic pathogens. Probiotic bacteria also 

produce antimicrobial molecules, e.g., bacteriocins that target 

pathogens, inhibit their adhesion and toxin production (Schoster et al., 

2013).  Beneficial bacteria also compete with pathogens for resources 

within the host. Probiotics are also used as competitive exclusion (CE) 

cultures. The antimicrobial properties of yeasts are also well known 

(Hatoum et al., 2012). The cell wall of many yeasts is rich in beta-

glucans that exert immunomodulatory effects (Alizadeh et al., 2016). 

Yeasts protect the host from pathogens (M’adeq et al., 2015) by 

secreting specific enzymes which destroy microbial toxins (Van 

Immerseel et al., 2016) by preventing microbial adhesion to the 

epithelial cells and (Moore, 2016; Umar et al., 2016) by competing 

with pathogenic organisms.  
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Figure 3. Role of probiotics in controlling Necrotic enteritis in the chicken. 

Prebiotics refer to the indigestible oligosaccharides which selectively 

stimulate the growth of beneficial bacteria and complement the effects 

of dietary probiotics (Patel and Goyal, 2012). Various prebiotic 

molecules are used, including the Mannanoligosaccharides (MOS) 

which are components of the cell wall of yeast and are also present in 

yeast extracts (YE). They are frequently used in broiler feed (Table 1). 

The inclusion of MOS in the broiler fed improved weight gain and 

productivity (Fowler et al., 2015). After replication in the bacteria, 

phages secrete endolysins that damage bacteria's call walls by 

targeting peptidoglycans. The bacterial cells are lysed, and phages 

become free to infect other cells (Nakonieczna et al., 2015).  

Various bacteriophages are defined for C. perfringens, some isolated 

from poultry strains and anti-clostridial activity (Volozhantsev et al., 

2011). The bacteriophage use, although challenging to apply, can be a 

promising alternative. In reality, the behavior of molecules in vivo is 
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influenced by many factors and is hard to predict. More recently, 

essential oil carvacrol in encapsulated form has positive effects on 

controlling NE (Liu et al., 2016). The supplementation of organic 

acids in feed can prevent the growth of pathogenic bacteria and 

maintain the intestine's health by altering host-pathogen interactions 

(Timbermont et al., 2010). 

Table 1. Commercially available products effective against infectious diseases 

including NE. 

Product Composition Performance Reference 

FloraMax® 

B-11 

11 lactic acid 

bacteria and 

inactivated 

Saccharomyces 

cerevisiae 

Immunomodulatory, 

Antioxidant effect 

Biloni et al., 

2013 

Aviguard® Over 200 bacterial 

species 

Competitive 

exclusion 

Hofacre et al., 

1998 

MSC™ Bacteria Competitive 

exclusion 

Craven et al., 

1999 

Broilact® Complex mixture 

of 

bacteria 

Competitive 

exclusion 

Kaldhusdal et 

al., 2001 

PoultryStar® 6 bacterial species 

and 

1 prebiotic (FOS) 

Competitive 

exclusion 

McReynolds et 

al., 2009  

SafMannan® Yeast extract Immunostimulation, 

antimicrobial activity 

Abudabos and 

Yehia, 2013 

NuPro® Yeast extract Immunostimulation, 

antimicrobial activity 

Thanissery et 

al., 

2010 

Immunolin®  Mixed Bacteria 

Species 

 

Immunomodulatory, 

Antioxidant effect 

Abu-Akkada 

and Awad, 

2015 
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Polystar®  Bifidobacterium 

bifidus and 

Lactobacillus 

plantarum 

 

Immunomodulatory, 

Antioxidant effect 

Ritzi et al., 

2016;  Mohsin 

et al., 2021a 

  

Infectious diseases control 

There is a great need to control infectious diseases (Lin et al., 2020; 

Aleem et al., 2021). Coccidiosis has bad effects on the intestines (Lin 

et al., 2020; Chen et al., 2020), making them susceptible to NE. The 

integrity of the gut is compromised by injury and damage to GIT, 

which (M’Sadeq et al., 2015) opens access to the basal layer of the 

intestine, which can become an important infection site in the initial 

stages of the disease, (Van Immerseel et al., 2016) can expose 

collagen and extracellular molecules, which play a critical role in 

adherence of C. perfringens (Hafez, 2011; Wade and Keyburn, 2015) 

can result in leakage of serum into intestinal lumen which acts as rich 

source of nutrients for C. perfringens; and (Moore, 2016; Umar et al., 

2016) cause production of mucus which serves as high protein nutrient 

source for C. perfringens proliferation (Moore, 2016). The infectious 

diseases that infect intestinal regions, especially coccidiosis and 

infectious bursal disease, can make them susceptible to NE. Therefore, 

the control of infectious diseases is imperative for the successful 

control of NE. 
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Immune interventions 

The current situation demands us to utilize immunization as an 

alternative strategy to antimicrobials for controlling NE. The details of 

immune reaction to C. perfringens, pathogen recognition, and its 

secreted toxins and proteins are yet to be explored. In chickens that 

were partially immunized against NE, a specific mucosal IgA 

response against NetB, alpha-toxin, and many other immune-

stimulating proteins was observed (Caly et al., 2015; jang et al., 2012; 

Kulkarni et al., 2007). However, in intestinal washings of birds that 

were given experimental challenge, only a meager response of 

mucosal antibodies (IgA) to C. perfringens was observed. This may 

suggest that serum IgY may have a more critical role in the immune 

response to NE than mucosal IgA. After systemically immunizing the 

birds against various immunogenic proteins (recombinant), serum IgY 

reached mucosal surface under the influence of C. perfringens induced 

inflammation (Kulkarni et al., 2007; Mot et al., 2014).  

Various strategies have been utilized to vaccinate the broilers against 

C. perfringens, including live bacteria and inactivated toxins. 

Vaccines can be added to feed, sprayed on chicks after hatching, 

added in feed, and even injected into eggs (Mot et al., 2014). Mild 

virulence is necessary for the strains used for vaccination as non-

virulent strains are proved inefficient. Many studies have proved that 

chickens can be immunized against NE by injecting active or inactive 

toxins (Mot et al., 2014; Jang et al., 2012) and various antigenic 

proteins (Jiang et al., 2015). The vaccines based on proteins are 
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frequently used due to their safety and better characterization than live 

vaccines and are still immunogenic (Unnikrishnan et al., 2012). They 

include subunit vaccines based on secreted toxins and other virulent 

factors and inactivated toxoids. DNA vaccines expressing Clostridium 

toxins other than C. perfringens have also been tested for vaccine 

development (Jin et al., 2013; Li et al., 2011). Avirulent or attenuated 

bacteria can act as vehicles for the efficient delivery of various 

vaccine candidates (Rappouli et al., 2011). Attenuated strains of 

Salmonella are frequently used in poultry to control salmonellosis. 

They can also act as effective and safe carriers for oral-based NE 

vaccines by expressing various heterologous antigens (Jiang et al., 

2015).  

The misunderstanding that alpha-toxin has an important role in 

pathogenesis misled the vaccine development efforts for years. Still, 

recent improvements in our understanding of pathogenesis have 

enabled us to develop effective vaccines (Moore, 2015).  vaccination 

against alpha-toxin in recent age, NetB toxin has also become the 

target of extensive studies for vaccine development (Fernandes et al., 

2013; Keyburn et al., 2013a). Several studies have highlighted that the 

vaccines using NetB toxin produce an effective immune response with 

a good level of protection against NE. The directly vaccinated birds 

(Fernandes et al., 2013; Jang et al., 2012; Jiang et al., 2015; Keyburn 

et al., 2013a) and the chicks from well-vaccinated hens (Keyburn et 

al., 2013b) have shown protection. It can be concluded that 70-80% 

protection level can be achieved using native NetB, recombinant 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Abildgaard%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20092968
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sondergaard%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=20092968
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engberg%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=20092968
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schramm%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20092968
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B8jberg%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20092968
https://www.ncbi.nlm.nih.gov/pubmed/?term=Annett%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=12593744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Viste%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=12593744
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Simko%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12593744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simko%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12593744
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alizadeh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26740130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Lecompte%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=26740130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rogiewicz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26740130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patterson%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26740130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slominski%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=26740130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slominski%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=26740130
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NetB, bacterin, and toxoid-containing vaccines having sufficient NetB 

to stimulate a good immune response. However, the development of 

an affordable and safe vaccine compatible with management practices 

is still a challenge.  

CONCLUSION 

Necrotic enteritis (NE) is a re-emerging economically significant 

poultry disease caused by the bacterium Clostridium perfringens. Due 

to drug resistance, Prebiotic and probiotic supplementation are 

appealing and practical approaches in controlling infectious diseases 

(Mohsin et al., 2021a; 2021b), including NE, positively affecting the 

growth performance of the birds and their role as inhibition of 

pathogens. Moreover, vaccination with various immunogenic proteins 

secreted by bacteria and modified toxins appears to be a logical 

preventive protocol against the disease. This review summarizes the 

importance of NE and recent advancements in preventive treatments 

against NE and elaborates the role of vaccines, prebiotics, and 

probiotics for the effective management of NE. However, further 

studies are needed to control the disease by following omics study. 
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1. INTRODUCTION 

Agriculture, like every other sector, is being transformed by digital 

technology. Precision agriculture is a growing trend that uses 

technology to assure that crops and soil get exactly what they need to 

thrive. Mobile applications, sensor technologies, drones, and cloud 

computing technologies are all used in precision farming. This shift is 

occurring across the board in the agricultural industry, regardless of 

size. Precision agriculture is made up of three sorts of platforms: 

stationary, airborne, and ground-based mobile, all of which rely on 

IoT and APIs.  

The Internet of Things (IoT) is a network of interconnected computing 

devices, digital and mechanical equipment, humans or animals, and 

objects that can detect, gather, and send data over the internet without 

need for human intervention. Everything is given a distinct identifier. 

It is an advanced examination and mechanized framework that 

employs detecting, organizing, immense data, and man-made 

awareness innovation to convey a complete administration framework. 

Essentially, the Internet of Things (IoT) is for extending the 

capabilities of the internet over smartphones and computers. 

There are four main components of IoT- 

 

● Low-power embedded systems—In the design of electronic 

systems, the inverse factors of high performance and low battery 

consumption play a crucial role. 
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● Data acquired from devices is saved on dependable storage 

servers, which is where cloud computing comes into play. 

● Availability of Big Data- Because IoT relies heavily on real-

time sensors. As a result, the use of electronic devices has 

extended throughout every field, resulting in a vast data flow. 

● Network connection- Internet access is required for 

communication, and each physical object is allocated an IP 

address. With the help of these, a network connection is 

established between the devices. 

2. IoT IN AGRICULTURE 

Within few years, the world's population will have surpassed 3 billion. 

As a result, the agriculture business must embrace IoT in order to feed 

such a large population. Excessive climate conditions, weather 

change, and various environmental effects resulting from farming 

techniques are all difficulties that must be addressed in order to meet 

the need for more food. The future of Indian agriculture must be 

shaped by a thorough awareness of and excessive reliance on 

technologies that may increase production while also regaining 

farmers' interest in the industry. As a result, these smart farming 

approaches will help farmers reduce scrap and increase capacity. It's 

essentially a high-tech, capital-intensive method for mass-producing 

crops in a sustainable manner. Farmers can use this technology to 

observe ground conditions from anywhere using sensors and to water 

fields using an automated system. It is the use of information and 

communications technologies in farming. 
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Figure 1: Application of IoT in various fields 

 

3. IoT STRUCTURE IN AGRICULTURE 

The sensor layer, transport layer, and application layer are the three 

levels that make up this system structure, and the functions of these 

layers are listed below – 
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1) Sensor layer—One of the sensor layer's challenges is to gain 

automated and real-time transformations of real-world agricultural 

manufacturing figures into digital transformations or information that 

can be handled in the virtual world using various methods. The 

information they gather is as follows: 

● Sensor data includes humidity, temperature, gas concentrations, 

and pressure, among other things. 

● Name, model, price, and features of the product. 

● Working conditions - operating parameters of various machines, 

apparatus, and so on. 

● Information on the location 

 

The primary goal of the Information Layer is to identify various types 

of information or data, collect the information and labeled information 

in the real world using sensing techniques, and then remodel those for 

processing into digital information. RFID tags, cameras, two-

dimensional code labels, and sensor networks are some of the tactics 

used in this sensor layer. 

2) Transport layer- This layer's job is to gather and consolidate 

agricultural data from the previous layer in preparation for processing. 

It is thought to be the IoT's nerve center. This layer consists of a 

telecommunication management center, as well as an internet 

network, an information center, and smart processing centers. 

3) Application layer- This layer's job is to assess and interpret the 

data gathered in order to foster digital consciousness of the real world. 
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It's a hybrid of the Internet of Things and agricultural market 

intelligence. 

4. CURRENT IoT SYSTEMS OVERVIEW 

Various IoT solutions have been proposed by researchers in recent 

years. The system architecture is determined by the category of 

communication technology currently offered on-site, the 

communication protocol, the cost of hardware and software, the 

amount of land used, the crop type (open-field or indoor agriculture), 

the sensors used, and whether the systems are research or application-

oriented.  

The FarmBeats system, according to Vasisht et al. (2017), has two 

communication layers: the base stations in the farmland were linked to 

the farmhouse via TV White spaces, and they were attached to the 

field sensors (including cameras) and drones via Wi-Fi. Temporarily 

underutilized radio frequencies of professionally allocated frequencies 

for broadcast television channels are known as TV white spaces 

(Sonal et al. , 2021) Microsoft Azure was the fifth cloud service used. 

Local backup at the farm was utilized to save data amid internet 

outages. 
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Figure 2: Schematic diagram of Architecture of Existing IoT System (Vasisht et al., 

2017) 

Popovic et al. (2017) presented an IoT-enabled platform architecture 

for smart farming and environmental tracking research. It had an 

identical framework to Farmbeats, but the sensor nodes built by 

(Libelium, 2021) were integrated into the system. The research paper 

(Popovic et al., 2017) was significant since the authors examined IoT 

system architecture from several, concurrent perspectives. 

5. LAYERS OF THE INTERNET OF THINGS 

The perception layer (sensors and actuators), the network layer (data 

transfer), and the application layer (data storage and processing) are 

the three levels that make up a typical IoT system architecture. Two 

more levels were required to form an IoT system: the middleware 
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layer, which sits between the network and business layers, and the 

application layer, which comes just after the middleware layer. 

● Perception Layer 

 

Sensors and actuators make up the perception layer. This layer is in 

charge of gathering and processing data that can be transmitted. The 

general architecture of perception layer devices is described in Figure 

3. The perception layer aids in the spatial and temporal resolution of 

agricultural data collection. 

 

 

Figure 3: Perception layer device architecture 

 

In comparison to conventional sensors, IoT perception layer devices 

have a unique identification number to identify them on the internet 

(AliKhattak et al., 2019). Wi-Fi-connected sensor nodes, for example, 

have an IP address to indicate their uniqueness, whereas LPWAN 

perception layer devices have a unique identification number. 
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● Network Layer 

 

The network layer is used to send data obtained by sensors from the 

perception layer to the application layer over an existent 

communication network, whilst the application layer sends decisions 

or control signals to actuators in the perception layer (Leo et al., 

2014). For monitoring-only systems, bidirectional communication is 

not required. Communication Technology (CT) and Communication 

Protocols are the two fundamental components of the network layer. 

 

● Middleware Layer 

 

There are three kinds of IoT middleware, according to (Ngu et al., 

2017). The first is service-based, which is characterized by a service-

oriented architecture (SOA). LinkSmart is an example of how it 

enables developers and consumers to implement various IoT devices 

as services (LinkSmart, 2021). The second category is a cloud-based 

solution that restricts users in terms of the type and quantity of IoT 

devices they may install but allows them to simply link, gather, and 

analyze the data obtained because certain use cases can be defined and 

programmed without any knowledge of sensor data. 

 

● Application Layer 

The application layer's primary function is data formatting and 

presentation. Data transmission among nodes, gateways, and cloud 

data storage, as well as between cloud data storage and end-user 

applications, is handled by the application layer. These protocols 
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manage data requests, responses, publishes, and subscriptions. 

Application layer protocols such as CoAP, MQTT, XMPP, REST, 

AMQP, and Web socket are widely used (Karagiannis et al., 2015). 

● Business Layer 

The business layer's key goals are to ensure the long-term viability of 

the entire IoT system, comprising applications, business and profit 

models, and user privacy (Navani, Jain, & Nehra, 2017). For the 

purposes of this chapter, the business layer's scope is somewhat less 

important. 

6. CONCLUSION 

The Internet of Things (IoT) is a crucial and quickly expanding 

technology with several applications in various fields, including 

agriculture. VI monitoring via satellites, handheld sensors, ground-

based systems, mobile platforms, and Autonomous Aerial Vehicles 

has become common in agrarian and ecological applications over the 

last three decades. Due to a lack of understanding and the high cost of 

field VI monitoring systems with multispectral sensors, only a small 

percentage of farmers use them. Furthermore, farmers need real-time 

monitoring data in making decisions. 
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