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ANTIMICROBIAL ACTIVITY OF Spirulina platensis EXTRACT ON FISH FILLETS AND MODELING USING ARTIFICIAL INTELLIGENCE 
Metekia, Wubshet Asnake
PhD, Department of Food Hygiene and Technology
Advisor: Assoc. Prof. Dr. BEYZA H. ULUSOY 
January 7, 2022 (176) pages
Seafood products are highly perishable and rapidly change its quality after harvest.  Spirulina platensis, commonly known as the blue-green algae is a cyanobacteria with long history as human food in the Azetic peoples of Latin America and Lake Chad communities in African with multipurpose functions; antimicrobial activity over food microorganisms were one of the functions. So, this study therefore attempts to investigate S. platensis (SP) extract’s antimicrobial activity on the fresh fish microorganisms; Total Coliform (TC), Total Mesophilic Aerobic Bacteria (TMAB), Total Psychrophilic Aerobic Bacteria (TPAB), Staphylococci (SA), Yeast and Molds (YM) and Sulphate Reductant Anaerobic Bacteria (SRAB) of fresh tilapia fish fillets and modeled using artificial intelligence-based models including ANN and ANFIS Models.
The extraction of Spirulina platensis was done by using the freeze-thaw method with a concentration of 0.5, 1 and 5 % w/v and assigned as EA, EB and EC extracts respectively. During the study period totally twenty-five fresh whole Nile tilapia fish (Oreochromis niloticus) were purchased from Nicosia fish market at different time and dissected and fileted into equal quarters of each 50-gram weight, and produces 100 fillets and produces 1500 results during the entire study period. Before the application of the extract from each fresh fillet were sampled and analyzed the initial microbial load and taken as control and then each fillet was treated using these extracts. And then the microbial analysis was performed at 1h, 24h and 48h of storage at 4 C, then microbial analysis was compared and modeled for each microorganism.	Comment by Beyza Ulusoy: !!!
The microbiological procedure was worked by weighing aseptically 5 g of the tilapia fish fillets sample before and after treatment from each sample into a sterile glass jar together with 45 mL maximum recovery diluent (MRD) solutions homogenizer; and serial dilutions of 1:10 were used, homogenization and mixing of each fish sample was worked separately, results were reported as log10 CFU/g. Artificial intelligence-based models were used as part of the procedure to accomplish this experimental study including the Artificial Neural Network (ANN), Adaptive - Neuro Fuzzy Inference System (ANFIS) and descriptive statistics were used to analyze and model the activities of Spirulina algae extracts antimicrobial action on TC, TMAB, TPAB, SA, YM and SRAB of fresh tilapia fish fillets. In the model’s analysis, the SP extract concentrations (0.5, 1 and 5 w/v) and the initial count of all microorganisms of all treatment groups (EA, EB and EC) as control (before treatment of SP) in log10 CFU/g were taken as input variables and the reduction in the count of all microorganisms after treatment in groups EA, EB and EC at the specified time interval; 1, 24 and 48hs log10 CFU/g were taken as output variables in the artificial intelligence modeling of this study.
The S. platensis extracts’ antimicrobial activity showed good result over TC, TMAB, TPAB, SA, YM and SRAB of fresh tilapia fish fillets. On average the Spirulina extracts’ antimicrobial role, EA reduces TC from 1.5 log10 CFU/g at the control stage to 1.2, 0.9 and 0.4 log10 CFU/g at 1, 24 and 48hs respectively. While, EB had antimicrobial role on TC from 1.3 log10 CFU/g at control time to 0.8, 0.5 and 0.3 log10 CFU/g. And EC displayed its antimicrobial role on TC from 1.4 log10 CFU/g during control time to 0.8, 0.3 and 0.1 log10 CFU/g at 1, 24 and 48hs respectively. ANN modeled the Spirulina extracts antimicrobial activity on TC at 1, 24 and 48hs was 1.36, 0.99, 0.44 log10 CFU/g using EA, and 0.96, 0.58, 0.32 log10 CFU/g with EB and 0.74, 0.38, 0.16 log10 CFU/g by EC respectively. This was supported by the regression with R=0.95817, 0.91795 and 0.94829 at the training, testing and validation stage respectively. On the other hand, the ANFIS model simulated the antimicrobial role of S. platensis extracts EA, EB and EC over TC at 1, 24 and 48hs. By EA the reduction was 0.42, 0.39, 0.33 log10 CFU/g respectively and EB had 0.35, 0.32, 0.32 log10 CFU/g reduction respectively whereas EC delivered 0.42, 0.24 and 0.18 log10 CFU/g respectively. With ANFIS regression of R=0.9384, 0.9151, 0.7613 at EA and 0.9873, 0.995, 0.9276 at EB with strong regression at EC with 0.9798, 0.9568, 0.9935 during the 1, 24 and 48Hs respectively. Although, the Spirulina extracts antimicrobial role on TMAB was from 2.5 log10 CFU/g at the control stage to 1.8, 1.1, 0.7 in EA whereas using EB reduced the load from 2.1 log10 CFU/g to 1.5, 0.8 and 0.5 log10 CFU/g at 1, 24 and 48Hs respectively. Whereas, EC against TMAB gives the reduction from 2.2 log10 CFU/g at the control stage to 1.23, 0.6 and 0.32 log CFU/g at the specified hour interval respectively, EC had superior antimicrobial activity than EB and EA. Together with this the overall average ANN modeling of the SP extracts antimicrobial activity on TMAB was 1.71, 1.13, 0.71 log10 CFU/g using EA, and 1.68, 0.91, 0.52 log10 CFU/g by EB and 1.23, 0.55, 0.30 log10 CFU/g using EC respectively. With ANN model R=0.9228, 0.8408, 0.9419 at EA. While EB had R= 0.90974, 0.8904 and 0.9244. whereas EC had a good correlation with R= 0.8712, 0.9409 and 0.9586 at training, validation and testing stage respectively. Also, the ANFIS model anticipated the antimicrobial role of SP extracts (EA, EB and EC) over TMAB was 1.78, 1.20, 0.74 log10 CFU/g using EA, and 1.55, 0.83, 0.51 log10 CFU/g using EB and 1.40, 0.66, 0.39 log10 CFU/g by means of EC at 1, 24 and 48hs respectively; this were supported with R=0.9002, 0.9433, 0.9565 at EA, R=0.9327, 0.9404, 0.9835 at EB and EC had R=0.9815, 0.9581 and 0.9761 at 1, 24 and 48hs respectively. Although, the S. platensis antimicrobial role on TPAB had a reduction of from 2.8 log10 CFU/g during the control stage to 2.1, 1.5 and 0.9 log10 CFU/g by EA at 1, 24 and 48hs respectively. Although EB had from 2.8 log10 CFU/g at control time to 1.9, 1.3 to 0.8 log10 CFU/g at 1, 24 and 48hs respectively. While EC offered the reduction from 1.9 log10 CFU/g of control to 1.4, 1 and 0.5 log10 CFU/g at the specified hour interval respectively. The ANN modeling of the S. platensis extracts antimicrobial activity over TPAB was 2.27, 1.72, 0.95 log10 CFU/g using EA, and 2.03, 1.45, 0.86 log10 CFU/g using EB and 1.64, 1.20, 0.58 log10 CFU/g using EC at 1, 24 and 48hs respectively. This was supported by ANN model of R=0.9359, 0.8962, 0.9141 respectively. While EB over TPAB had a correlation of R= 0.8866, 0.9248 and 0.9579 at the training, validation stage and testing stage respectively. Although EC performs best result with R= 0.9604, 0.9535 and 0.9763 at the training, validation and testing stage respectively.  Also, the ANFIS modeled the antimicrobial role of S. platensis extracts (EA, EB and EC) over TPAB with an overall average modeling of 2.53, 1.85, 1.02 log10 CFU/g using EA, and 1.90, 1.36, 0.76 log10 CFU/g by EB and 1.71, 1.20, 0.60 log10 CFU/g with EC at 1, 24 and 48hs respectively, with R=0.9106, 0.909, 0.9238 in EA, and R=0.9665, 0.9408 and 0.935 at EB, while EC had 0.9986, 0.9945 and 1. Also, the SP extracts antimicrobial actively reacted against S. aureus with  EA had from 0.57 log10 CFU/g during the control time to 0.44, 0.30 and 0.13 log10 CFU/g and EB performed the reduction from 0.71 log CFU/g at the control time to 0.26, 0.10 to 0.13 log10 CFU/g at 1, 24 and 48hs respectively. EC had an antimicrobial activity from 0.75 log10 CFU/g to 0.12, 0.07 to 0.04 log10 CFU/g respectively at the specified time interval. 
The ANN modeled the S. platensis extracts antimicrobial role over S. aureus at 1, 24 and 48hs was 0.49, 0.32, 0.16 log10 CFU/g by EA respectively whereas using EB it had 0.29, 0.17, 0.10 log10 CFU/g and EC performed 0.01, 0.002, 0.001 log10 CFU/g at 1, 24 and 48Hs respectively; with training, validation and testing stage of EA had R=0.9532, 0.9695, 0.9163 respectively. Although EB had R= 0.9534, 0.8879 and 0.9458 at training, validation and testing stages respectively, while EC performs good correlation result in the training, validation and testing stage with R= 0.9209, 0.9512 and 0.9156 respectively. While ANFIS model simulated with an overall average modeling of the Spirulina extracts antimicrobial activity on SA was 0.43, 0.30, 0.12 log10 CFU/g by EA, and 0.31, 0.16, 0.09 log10 CFU/g with EB and 0.36, 0.18, 0.07 log10 CFU/g by EC at 1, 24 and 48hs respectively. Also, the ANFIS model had a regression of 0.9167, 0.9258, 0.9093 at EA, and R=0.9591, 0.9158, 0.9116 at EB, while EC had R= 0.9893, 0.9763 and 0.9711 at 1, 24 and 48hs respectively. Though, the S. platensis extracts EA, EB and EC antimicrobial activity against YM had 1.7 log10 CFU/g during the control time to 1.2, 1.2 and 0.4 log10 CFU/g in EA whereas using EB performed from 1.6 log10 CFU/g to 1.1, 0.5 to 0.3 log10 CFU/g at 1, 24 and 48hs respectively. Together with this, EC activity on YM had better antimicrobial role from 2 log10 CFU/g at control time to 1.1, 0.5 to 0.2 log10 CFU/g at the specified hour interval respectively. Also, the ANN modeled the S. platensis extracts, EA, EB and EC antimicrobial activity at 1, 24 and 48hs over yeast and molds had a reduction of 1.21, 0.72, 0.37 log10 CFU/g respectively by EA, whereas with EB the antimicrobial role was 1.23, 0.70, 0.38 log10 CFU/g respectively and by EC it had 1, 0.51, 0.27 log10 CFU/g respectively. The ANN model predicted the antimicrobial activity of EA with R=0.9706, 0.9110, 0.7758 during the training, validation and testing stages respectively. Although EB over YM had a R= 0.8155, 0.9454 and 0.7882 and EC performs R= 0.9489, 0.8775 and 0.9287 in the training, validation and testing stages respectively. While the ANFIS model analyzed with an overall average modeling of the S. platensis extracts antimicrobial activity on YM with 1.19, 0.69, 0.40 log10 CFU/g by EA, and 1.17, 0.62, 0.39 log10 CFU/g with EB and 0.99, 0.49, 0.27 log10 CFU/g by EC at 1, 24 and 48hs respectively, with R=0.9165, 0.8965, 0.9294 at EA and EB had R=0.9223, 0.9294 and 0.9513 whereas EC had R=0.9393, 0.9490 and 0.9177. As a conclusion, largely the S. platensis extracts EA, EB and EC with a concentration of 0.5, 1 and 5 (w/v) respectively showed good antimicrobial result. Despite the fact that, EC had superior performance than EB and EA. As well as EB also were better than EA in this study over the fresh tilapia fish fillets microorganisms. Generally, both the ANN and ANFIS models gives good prediction result on the activity of S. platensis extracts against TC, TMAB, TPAB, SA and YM. And ANFIS model produces superior result than ANN. Therefore, S. platensis can be considered as an emerging natural preservative technology from food to another food. Furthermore, S. platensis nutritional aspects, safety issues, bioactive compound’s antimicrobial role on different food matrix should be further researched.
Keywords: spirulina platensis extracts, antimicrobial activity, fish fillets,  microorganisms, artificial intelligence.
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BALIK FİLETOLARINDA Spirulina platensis ÖZÜTÜNÜN ANTİMİKROBİYAL ETKİNLİĞİ VE YAPAY ZEKA İLE MODELLENMESİ
Metekia, Wubshet Asnake
Doktora, Gıda Hijyeni ve Teknolojisi Bölümü
Danışman: Doç. Dr. BEYZA H. ULUSOY
7 Ocak 2022, 176 sayfa

Deniz ürünleri çabuk bozulabilen ve hasattan sonra kalitesi hızla değişebilen ürünlerdir. Genellikle mavi-yeşil algler olarak bilinen Spirulina platensis, Latin Amerika'nın Azetik halklarında ve Afrika'daki Çad Gölü topluluklarında insan gıdası olarak uzun bir geçmişi olan ve çok amaçlı işlevleri olan bir siyanobakteridir. Gıda mikroorganizmaları üzerinde antimikrobiyal aktivite fonksiyonlarından biri olduğu için bu çalışmada S. platenesis (SP) ekstraktının taze balık mikrobiyotası içinde yer alan Total Koliform (TC), Toplam Mezofilik Aerobik Bakteriler (TMAB), Toplam Psikrofilik Aerobik Bakteriler (TPAB) Stafilokoklar (SA), Maya ve Küfler (YM) ve Sülfat İndirgeyici Anaerobik Bakteriler (SRAB) üzerindeki antimikrobiyal aktivitesi araştırılmaya çalışılmış ve ANN ve ANFIS Modelleri ile yapay zeka tabanlı modeller kullanılarak modellenmiştir.
Deneysel Spirulina platensis ekstraksiyonları donma-çözülme yöntemi kullanılarak oluşturulmuş, EA, EB ve EC kodları atanmış ve sırasıyla 0,5, 1 ve %5 w/v konsantrasyonlarda hazırlanmıştır. Çalışma süresi boyunca toplam yirmi beş taze bütün Nil tilapisi balıklar (Oreochromis niloticus), Lefkoşa Balık Pazarı’ndan farklı zamanlarda satın alınmış ve her biri 50 gramlık eşit çeyreklere ayrılmııştır. Her bir taze fileto ekstrak uygulanmadan önce mikrobiyal yükü analiz edilmiş ve sonuçlar kontrol olarak alınmıştır ve daha sonra her fileto bu ekstraktlar kullanılarak işlenmiştir. Daha sonra mikrobiyal analizler 4 oC'de depolama sürecinin 1., 24. ve 48. aaatlerinde gerçekleştirilmiştir. Ardından mikrobiyal analiz sonuçları her bir mikroorganizma için karşılaştırılmış ve yapay zeka ile modellenmiştir.
Sonuç olarak, S. platensis ekstraktlarının antimikrobiyal aktivitesi, taze tilapia balık filetolarının TC, TMAB, TPAB, SA, YM ve SRAB'sine göre iyi sonuç göstermiştir. EC'nin EB ve EA'dan daha üstün performans göstermiş, EB ise EA'dan daha etkili bulunmuştur. Genel olarak, hem ANN hem de ANFIS modelleri laboratuvar analizlerine parallel sonuç çıkarmasıyla S. platensis ekstraktlarının aktivitesi hakkında iyi bir tahmin sonucu vermiştir. Bu sonuçlara göre, S. platensis, doğal koruyucu teknoloji olarak kabul edilebilir. Bununla birlikte, S. platensis beslenme fizyolojisi açısından durumu, güvenlik konuları, biyoaktif bileşiğin farklı gıda matrisi üzerindeki antimikrobiyal rolü daha fazla araştırılmalıdır.
Anahtar kelimeler: Spirulina platensis özleri, antimikrobiyal aktivite, balık filetoları, mikroorganizmalar, yapay zeka.
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CHAPTER I
[bookmark: _Toc91761286][bookmark: _Toc91880971]Introduction
Seafood products are highly perishable and rapidly changed its quality after harvest, this is because of temperature that allows the growing of foodborne pathogens and spoilage microorganisms and reduces the shelf-life of the food (Baptista et al., 2020). In recent years different seafood preservative methods get substantial attention by researchers, food industry, consumers and in health areas. Different natural preservative from different sources have been extensively studied, such as chitosan from animal origins, essential oils, and plant extracts from a plant source, lactic acid bacteria, and bacteriocins from microbiological sources and organic acid from different sources, all with great potential for use in seafood systems (Baptista et al., 2020). 
Supporting studies also showed that the natural citric acid and lactic acid together with ice inhibits bacterial growth and enhances the quality of fresh fish fillets of hake and megrim species and those natural preservatives were considered as a good strategy to increase the market value and deliver quality fresh fish fillets product to the consumer  (Concepcio et al., 2013).   The mix of nisin and grape seed extract serve as an antimicrobial agent in the control and inhibition of Listeria monocytogenes in ready to eat shrimp fillets (Zhao et al., 2020).  
Spirulina is another important natural preservatives and antimicrobial agent for food pathogenic bacteria and fungi including drug resistant microorganisms. Spirulina have been known as a food supplement, natural colorant and good bio-active secondary metabolites source including phenolic compounds (Alshuniaber et al., 2021; Zhao et al., 2020).
Globally Spirulina is identified and taken as for its big nutritional values, major ingredients in the development of noval functional food, high phycocyanin content, excellent health remedy to many disorders and due to this it is considered as a super miraculous food (Lafarga et al., 2020; Prabakaran et al., 2020; Tidjani, 2018), contains health promoting bioactive compounds and helps in non-communicable disease (Katiyar & Amit, 2020) for example Spirulina supplementation can reduce and control the risk of obesity problems like in a study 2-14 gram of spirulina is a best way for treating dyslipidemia 3 functional food and diet supplement (Bohórquez-Medina et al., 2021). İt has a good effect in the development of functional foods for example in the making of sauce addition of some amount of Spirulina biomass can serve as a natural ingredient and also enhances nutritional content of the food at the same time it can serve as an antioxidant agent with long shelf life of the product up to 45 days with no chemical preservatives (Magda et al., 2021) where us in another novel food development that target the elder people showed that spirulina added chocolate flavor shake type powdered food shelf life was 19 months after production from the food industry and the Spirulina enriched shake was taken as a source of protein and carbohydrates at the same time helps the elderly people for energy and nutrient requirements (Santos et al., 2016)
[bookmark: _Hlk86247627]Spoilage of fishery products occur immediately when it out from the natural water as a result of the enzymes’ activities, oxidation and because of pathogenic and spoilage microorganisms (Montoya-camacho et al., 2021; Tsironi et al., 2020). Globally the food spoilage is very high, like 25% of the world’s food supply and 30% of the fishery products are spoiled and discarded because of undesirable microorganisms (Ghaly et al., 2010). So that food preservation turns into an important matter in the food industry to keep its quality, freshness and increases the shelf life of the product. In line with this, those highly perishable fishery products were traditional preserved using different methods including salting, sun drying, smoking, fermentation, canning,  cooling, freezing and addition of chemicals (Ghaly et al., 2010). This is supported by Tsironi et al., (2020) and recently the introduction of new fish processing novel technologies is also a good solution in the area including methods like high hydrostatic pressure, osmotic dehydration, high-intensity pulsed light and modified atmospheric packaging and other combined methods to achieve good fish quality, long shelf life and minimizes fish discarded. But this also have some limitations, like some pathogenic microorganisms resist after the processing for example psychrotolerant lactobacilli and also some processing techniques were affected the nutritional and sensory properties of the fishery product (Tsironi et al., 2020).
Accordingly, to control and inhibit fish pathogenic and spoilage microorganisms that facilitate spoilage and to reduce public health risks, and to keep the fish quality, freshness and shelf life still researchers are searching and focusing on different natural extracts from different sources including spirulina algae. Together with this many recent studies showed that Spirulina algae extracted compounds displayed good results in controlling food pathogenic microorganisms and serve as a preservatory and an antimicrobial activator in fish and fish products (Abdel-moneim et al., 2021; Alshuniaber et al., 2021; Christ-Ribeiro et al., 2019).
[bookmark: _Toc91761287][bookmark: _Toc91880972]Statement of the Problem
Fishery products including fresh fish fillets are one of the highly perishable animal products when it is out from the water.  Because of the microorganisms that may arise from the growing environment like the water, soil and/or the supplemental feed in aquaculture grown fishes from artificial rearing ponds, cages or pens. In another scenario the microorganisms may come from the fishery system i.e., the filleting, processing site, unhygienic poor handling, storage, transportation, marketing and others during the value chain development of the fishery products. Different spoilage and pathogenic microorganism reported from the fishery products including TC, TMAB, TPAB, SA, SRAB, YM which are dangerous for the public health, so their importance to the public health were also considered as a general background to this study. And also, during storage temperature was also considered because some microorganisms were mesophilic whereas others were psychrophilic because they prefer different temperature condition for growth so this also another consideration for the targeting of the microorganisms in the fresh fish fillets. 
On the other hand, currently the use of antibiotics was not promoted because of the residual side effect, the cost that incurred to the fish farmers and also the regulations set by different food safety regulatory bodies was also very strict in tracing those staffs. So, most researchers currently are looking alternative natural antimicrobial agents from plant sources including aquatic algae like Spirulina platensis algae extracts as an antimicrobial agent over publicly important microorganisms were also additional background.  
Additionally, according to Nychas et al., (2016), even if currently food producers including in the fishery industry, they use good manufacturing practices (GMP), however regulatory bodies were detected and reported microorganism and chemical contaminations. So, the existing food safety and quality controls during the food value-chain development needs improvement to increase consumers’ confidence. On the Oher hand the food market demanded food business actors including producers, traders and regulatory bodies need to develop and implement designed quality and safety assurance systems based on risk analysis and prevention, through monitoring, recording and controlling of critical parameters covering the food value-chain. 
However, the whole value-chain development is fragmented, disorganized and loss of integration of stake holders, this results in failure to implement new and innovative technologies, products and processes. So, the potential of using information technologies including data storage, communication, cloud, in tandem with data science for example data mining, pattern recognition, uncertainty modelling, artificial intelligence and others in the whole food value-chain including processing within the food industry, retailers and even consumers, will provide stakeholders with novel tools regarding the implementation of a more efficient food safety management system.
So that, the Artificial intelligence-based models including ANN and ANFIS promoted in the modeling of antimicrobial efficiency of Spirulina platensis extracts on fresh tilapia fish fillets in the fishery industry.


[bookmark: _Toc91761288][bookmark: _Toc91880973]

Purpose of the Study  
[bookmark: _Toc85092423][bookmark: _Hlk88637832]The general purpose/objective of the study is to evaluate the antimicrobial efficiency of Spirulina platensis extracts on fresh tilapia fish fillets and comparing and supporting the results using artificial intelligence-based models including ANN and ANFIS Models.
Specifically, the study had the following two purposes;
i. To analyze and evaluate antimicrobial efficiency of the extracts from Spirulina platensis algae at different concentrations over Total Mesophilic Aerobic Bacteria, Total Psychrophile Aerobe bacteria, Total Coliform bacteria, Staphylococci, Sulphite-reductant anaerobe bacteria and yeast-molds of fresh tilapia fish fillets.
ii. To prove that artificial intelligence-based models including ANN and ANFIS Models are useful methods to simulate and predict such microbiological analysis.
[bookmark: _Toc91761289][bookmark: _Toc91880974]Research Questions / Hypotheses 
Questions
I. What is the general and natural microbiota of fresh fish?
II. What are the methods to decontaminate the surface microbiological load of fresh fish?
III. What are the appropriate concentrations for treatments?
IV. What is Artificial Intelligence (AI) based models?
V. Can we apply AI in food safety and microbiological study? If yes please give some examples that worked using ANN and ANFIS?
Answers  
Hypothesis (Alternate Hypothesis): S. platensis extracts have antimicrobial activity role over spoilage microorganisms of fresh fish fillets.
I. The microbiota of fish is vast and vary from species to species depending on the geography, ecology and environment they live, temperature, feeding habit, water and water depth (Sehnal et al., 2021). Different pathogenic microorganisms were reported in different fish species from freshwater to marine or saltwater fish species. Also, the microorganisms vary with the tissue such as gills, fillets and other parts of the fish, for details please look Table 1 below. Together with this, Tilapia  fish species were reported the major and emerging microbial safety concern of tilapia fish includes Total coliform (E.coli), Listeria monocytogenes, Aeromonas species, Staphylococcus aureus, Salmonella spp.,  Aspergillus flavus, Aspergillus and others (Abdel-latif, 2020; Abdel-razek, 2019; Adawo et al., 2021; Ayofemi & Adeyeye, 2015; Baptista et al., 2020; Rocha et al., 2014).  Another study indicated approximately 107 to 1011 bacteria were found per gram of intestine contents based on Nayak, (2010) as described on (Wang et al., 2018). 
II. [bookmark: _Hlk85548712]There are different chemicals and methods to decontaminate the surface microbiological load of a fresh fish.  Nowadays different scholars are searching additional methods of fish surface decontamination and natural preservation methods because of the fish and other seafoods highly perishable characteristics and rapid loss of their quality especially after capture from water. As temperature is the major parameter that impact the shelf-life deterioration of the seafoods and in fact facilitates the growth of both spoilage and pathogenic microorganisms. So, natural decontamination  and preservatives that come from different sources including chitosan from animal sources, essential oils, and plant extracts from a plant source including Spirulina algae, lactic acid bacteria, and bacteriocins from microbiological sources and organic acid from different sources, all with great potential for use in seafood systems (Baptista et al., 2020). Supporting studies reported by Anacarso et al., (2014) Lactobacillus pentosus 39 controls the growth of psychotropic bacteria Aeromonas hydrophila and L. monocytogen from fresh salmon fillets (Anacarso et al., 2014). Probiotics can serve as mitigation measure (Kademi et al., 2019), and also Lactic acid bacteria (LAB) as a bio preservation for seafoods (Ghanbari et al., 2013). Bacteriophage cocktail successfully extends the shelf life of chilled fish (Zulkarneev et al., 2019). Even if Spirulina has multipurpose roles and activities; antimicrobial role is one of the activities so far identified and its mechanisms are in control and inhibition of the growth of food pathogenic microorganisms. The extracts are active against both gram positive and gram-negative pathogenic microorganisms (Alshuniaber et al., 2021). supportive studies also reported by different researchers (Abdel-moneim et al., 2021; Daglia, 2012; Grover et al., 2021).
III. There are different methods of extractions in which researchers popularized like for example using the freeze-thaw method. With this method maximum phycobiliproteins/phycocyanin/phenolic compounds can be obtained (Tan et al., 2020). Fernandes et al. (2017) reported the high pressure/temperature extraction (HPTE) method using 90 OC for 1:30 hour identified an excellent procedure for the extraction of maximum and concentrated total polyphenol yield (Fernandes et al., 2017). But different researchers agreed the phenolic compound is affected by spirulina growth mediums (Asnake et al., 2021), extraction solvent, biomass type like frozen or dry, time and the method that we used (Aky et al., 2018; Pina-Pérez et al., 2017; Tan et al., 2020). In this study, with some modifications of  Tan et al., (2020) freeze-thaw method was used as extraction method to obtain three extracts designated as EA, EB and EC with w/v ratio 0.5, 1 and 5 grams in 100 ml distilled water 
IV. There are different Artificial Intelligence-based models. Artificial Neural Network (ANN) is a discipline in the field of Artificial Intelligence, designed by adopting the human nervous system. In the human nervous system, the major units for information processing are the nerve cells whereas in ANN, we call them neurons that process information instantly and correspondingly.  The data in ANN is processed by connecting neurons one another to develop non-linear input-outputs relations and the process includes network topology, testing or training algorithms and simulation functions (Tongal & Booij, 2018). There are different ANN models including the multi-layer perception (MLP), Levenberg-Marquart (LM), Conjugate gradient, Quasinewton and Brodyen-Flecher-Goldfarb-Shanno are the best and effective algorisms in every data driven systems (Nourani et al., 2021). 
V. [bookmark: _Hlk91946433]There are many studies that used Artificial Intelligence-Based Models for the modeling and prediction of antimicrobial studies and other biological experiments. Including the prediction of new antimicrobial over the pathogenic bacteria E. coli (Badura et al., 2020). Currently, the use and application of those models were promoted to strengthen the food production, processing and traceability system over all in the food safety management system as one of the good manufacturing, producing, processing practice (Nychas et al., 2016). 
[bookmark: _Toc91761291][bookmark: _Toc91880976]

Significance of the Study
· [bookmark: _Hlk91527559]First, this study will serve as a reference scientific document for other studies in the area of S. platensis extracts antimicrobial activity on Total Mesophilic Aerobe Bacteria (TMAB), Total Psychrophile Aerobe Bacteria (TPAB), Total coliform bacteria, Staphylococci, yeast-mould, sulphite-reductant anaerobe bacteria of fresh tilapia fish (Oreochromis niloticus) fillets. 
· Second, the study focuses on tilapia (Oreochromis niloticus) fish one of the globally important fish both nutritionally, socially accepted and economically highly traded fish species including in Ethiopia, Turkey and Cyprus. 
· [bookmark: _Hlk80868880]Three, this study has significance in promoting the emerged S. platensis extracted solution because the extract has no side effect like that of antimicrobial chemicals just the solution is from edible Spirulina food to food hence, this will again help the fishermen, fish processors, and local consumers to incorporate and use the spirulina platensis extract solutions synergistically in their fish processing and value-chain development. And also, the nutritional value of the fillets will be enhanced. 
· Fourth, the study will be analyzed using Artificial intelligence-based models including ANN and ANFIS models so that this will introduce the new MATLAB models in the food safety system. 
· Fifth, finally the output of the study will be promoted, extended and changed to pilot project intervention in Ethiopia, Turkish republic of Northern Cyprus and Turkey fishery industry sector so that; it will ensure and strengthen the fish production and processing safety system and reduces discard. At large it will contribute to the food and nutrition security of the countries.




[bookmark: _Toc91761292][bookmark: _Toc91880977]Definition of Terms
[bookmark: _Toc91761293]Food safety 
Food safety can be defined as a guarantee for consumers of prevention of any food-related risk, harm, or poisoning that may occur at any stage in the food chain. Food safety should be observed from the farming stage through to human consumption (FDA, 2020; WHO, 1997).
European Union legislation also support the above; and based on the European Commission No.852/2004, (2004) on foodstuff hygiene will be ensured when we implement an overall integrated mechanism from the primary production cite until reach to market, export and/or consumer. In the food value-chain development every food business operator should certify that the issue of food safety is not negotiable (European Union, 2004). 
Food microbiology
Where us food microbiology is a discipline that emphases on all subjects of food microorganisms weather bacteria, fungi/yeast and molds, viruses. So, the definition of food microbiology includes the detection, identification, growth characterization, quantification, prevention, control, inhibition of food microorganisms based on Jay (2012) as cited on (Xu, 2017). This is particularly important for those of the pathogenic or publicly important food microorganisms, which given a high priority from public health context.  So, food microbiology is a basic tool to ensure food safety or hygiene. 
Fishery 
Fishery is the industry in which an input i.e.  the boats and gillnets and/or other fishing methods are transformed or changed into an output (harvesting and processing of fishes); simply the functionality of any fishing activity in the water body and at the same time harvesting of fish is called fishery (Asnake & Mingist, 2018) .  
Fishery Products
Fishery products include all aquatic animals weather it comes from fresh or salt water excluding live bivalve mollusks, live echinoderms, live tunicates and live marine gastropods, and all mammals, reptiles and frogs whether wild or farmed and including all edible forms, parts and products of such animals. In line with this when we said fresh fish or a fresh fishery product is a product that could be unprocessed natural fish or fisher product either in whole or prepared form without any preservative however a product could be packed using improved air or vacuum and also chilling is also possible (European Union, 2014).  

[bookmark: _Toc91761295]Spirulina Algae

Spirulina (Arthrospira platensis), commonly known as the blue-green algae representing taxonomically the phylum Cyanobacteria, is a microorganism that performs the process of photosynthesis similar to other photosynthetic organisms. It is a helical filamentous, multicellular microalga with a long history as human food in the Azetic peoples of Latin America and Lake Chad communities in African (ANSES., 2017; Belay, 2008; Soni et al., 2017a).
[bookmark: _Toc91761296]Phenols and Polyphenols 

According to the concept of organic chemistry, phenols and polyphenols are defined as compounds, which that have one or more hydroxy substituents in an aromatic ring, such as structural compounds (esters, methyl ethers, glycosides, etc.) 
Phenolic compounds are bioactive secondary metabolites from Spirulina, providing a natural and sustainable source of food preservatives through combating the activity of microorganisms that are known to spoil food products. In light of this, research findings have indicated that phenolic compounds isolated from Spirulina were found to possess antimicrobial activity against various drug-resistant foodborne pathogens (Alshuniaber et al., 2021; Christ-Ribeiro et al., 2019). 

[bookmark: _Toc91761297]Antimicrobial Activity 
Antimicrobials are natural or man-made substances that can be used to actively control, kill, and/or inhibit the development and growth of microorganisms including viruses, bacteria, yeast and molds or  fungi, and protozoa (Balouiri et al., 2016; Sherrard et al., 2014).
[bookmark: _Toc91761298]Artificial Intelligence (AI)
Artificial Intelligence (AI) is an emerged field in the area of computer science and technology. The principle of AI is actually emulating the human intelligence to machines; which can make decisions by their own like that of humans. As the name indicate Artificial Intelligence (AI) build up by two popular words; the first is artificial which means unusual or unnatural and the second one is intelligence meaning the ability to do things intelligently through the process of fast thinking, understanding and learning, Hence, artificial intelligence is basically the process of making intelligent machines (Patel, 2020). 
And according to the Confalonieri et al (2021) artificial intelligence had a historical explanation which includes the expert systems, machine learning, recommender systems, and in approaches to neural-symbolic learning and reasoning at the different AI historical periods (Confalonieri et al., 2021). AI developed systems can be purely software based or can be embedded in hardware devices and AI can strengthen the food safety system (Friedlander & Zoellner, 2020)
Modeling 
Modeling usually, indicated that the method of repressing a real-world object, process and/or any development system in the form of a mathematical formula for the objective of simulating, predicting and to show the real phenomenal situation in a better understanding and for better decision making (Kademi et al., 2019)


CHAPTER II
Literature Review
[bookmark: _Toc91761301][bookmark: _Toc91880980]Microbiological profile of fish
Fish and other aquatic products are the main sources of healthy nutrition all over the world; more than 4.5 billion of the world's people get at least 15% of their animal protein intake from fish (Béné et al., 2015; FAO, 2016).On the other hand, fish and other seafood products are the most perishable foodstuffs. 
The fish microbiological profile categorized as desirable and undesirable microorganisms that facilitate spoilage and the details regarding this was narrated below. So, monitoring, inspection, and quality control are the key fundamental agendas in the fishery industry.

[bookmark: _Toc91761302][bookmark: _Toc91880981]Desirable Microorganisms of fish

Desirable microorganisms are microorganisms which have beneficial role in fish immunity enhancement, health, growth and disease fighting and control in fish industries or artificial fish culturing and improves water quality as well as indirectly contributes for the enhancement  fish fillet/ meat quality (Simon et al., 2021). This is also supported by Ruiz et al., (2016).
Probiotic are live microbes that initially extracted from the gastrointestinal tract of the fish even if the gastrointestinal tract of the fish holds both pathogenic and beneficial microorganisms and probiotic from beneficial microorganisms (Reda et al., 2018) and  could be used to give better health promotions for the fish through improvement of the host intestinal microbial stability and impacting positively on the growth of the organism (Reda et al., 2018; Ruiz et al., 2016). 
The application of desirable microorganisms especially probiotics in the aquaculture production industry will reduce the use of antibiotics and other drugs which functioned as a bio-control and prevention of fish diseases, enhancing digestion, Stimulation of growth, increases the immune system of the fish (Won et al., 2020). 
Where us aquaculture antibiotics and other drugs used in the fish farm for disease control and different purpose can harm the environment, health of fish and also those kinds of stuff have a residual effect on human including toxic, allergenic or carcinogenic and/or may cause antibiotic confrontation and resistance in pathogens that affect humans (Han et al., 2020; Love et al., 2011; Turnipseed et al., 2018). Due to this many countries limit and bane the use of antibiotics in aquaculture and rather they promote the application of probiotics to increase fish production by controlling pathogenic microorganisms at the same time probiotics increases feed intake, feed conversion ratio and weight gain of the fish, stimulating the immune response and enzymatic activity of the fish and also establishes good water quality and generally speaking it ensures good health for the fish and increases fish production and good fish fillets quality (Kuebutornye et al., 2019; Terova, 2021; Ullah et al., 2018). Please look Table 1 which demonstrates some imperative studies on important microorganisms called probiotics to fish with multifunction including antimicrobial role over undesirable or pathogenic microorganisms.



Table 1. 
Some beneficial fish microorganisms and their function   

	[bookmark: _Hlk87524042]Author
	Desirable Microorganism       
	Sources  
	Fish species
	Reported benefit  

	(Yih et al., 2019)
	Rummeliibacillus stabekisii
	Gut
	Nile tilapia (Oreochromis niloticus)
	Stimulate and increases desirable microorganisms like Bacillus and Lactobacillus spp. and inhibited  pathogenic bacteria including Streptococcus and Staphylococcus spp. 

	(Elshaghabee et al., 2017)
	Bacillus spp. (MVF1 and MVH7)
	Gastrointestinal tract of fishes
	Channa striatus, Mystus vittatus, Labeo calbasu and Cirrhinus mrigala
	Antibacterial activity on fish pathogens, Aeromonas hydrophila, Aeromonas salmonicida, Aeromonas sobria and Pseudomonas fluorescens

	(Ullah et al., 2018)
	Bacillus subtilis, yeast and  
Saccharomyces Cerevisiae
	Commercially available (magic plus probiotic)
	Cirrhinus mrigala
	Fish healthy promotion and immune-stimulating and as feed additive

	(Terova, 2021)
	Nisin-Producing Lactococcus lactis Strain

	Gut 
	Sea Bream (Sparus aurata) 

	Growth and immunity enhancement 

	(Yeganeh et al., 2021)
	L. lactis subsp. lactis PTCC 1403 
	Commercial 
	Rainbow trout
	Feed efficiency, Immune response, and antibacterial role on Y. ruckeri infection



Undesirable microorganisms of fish

There are many undesirable microorganisms that are pathogenic, toxic and creates fish spoilage and also at the same time they are public health concerns. Some of these undesirable microorganisms include but not limited to E. coli O157:H7 (Ertas et al., 2020; Tolulope et al., 2021), Staphylococcus spp. Like S. aureus (Adawo et al., 2021), Listeria spp., like L. monocytopenia (Abdeen et al., 2021; Va & Galva, 2017), yeast and molds are also common like fungus Aspergillus spp. Like the pathogen A. flavus and others  (Deng et al., 2021).  
In a study Conducted in Ethiopia, Arba Minch town conducted to assess the microbiological quality of Nile tilapia (Oreochromis niloticus) fillets and food safety practices of fishermen/women displayed the pathogenic E. coli and S. aureus were present in both frozen and undercooked samples, whereas Salmonella spp. were only the frozen samples. 
The maximum bacterial count was reported from frozen raw tilapia fillets with average 4.63x106 cfu/g and from under cooked tilapia fillets (commonly known as Asa leb-leb) 4.92x103 cfu/g. This indicated that even if there is a food safety knowledge gap in the fishermen and women but also those pathogenic undesirable microorganisms are in the natural environment in the water, processing area and/or the hygiene of fish handler (Teka et al., 2017).  
Where us in another area investigate and reported Pseudomonas spp., Shewanella, Serratia and Psychrobacter at different storage conditions including in cold, iced and super-chilled preservation temperature of 4, 0 and -3 °C respectively. And Pseudomonas fluorescens were the major spoiler of tilapia fillets at -3, 0, or 4 °C; so the researcher recommends there should be some preservative to extend its shelf life, quality and inhibit the undesirable microbes (Duan et al., 2019). Additional examples are displayed below in Table 2 so please look it.




Table 2. 
Some fresh and sea water fish species’ undesirable microorganisms 

	
	
	Fish species 
	part 
	Microorganisms
	Remark   
	Reference

	
	
	Tilapia 
	Whole and Fillet
	Pathogenic bacteria like; Aeromonas sobria, A. hydrophila, Pseudomonas aeruginosa, Staphylococcus aureus and Pseudomonas fluorescens, Streptococcus agalactiae and E. coli  
Pathogenic fungi; Aspergillus flavus, Aspergillus niger, A. fumigatus, and Fusarium sp. Mucor spp., and Candida spp.
	Fresh water fish
	(Abdel-latif, 2020; Abdel-razek, 2019; Adawo et al., 2021; Baptista et al., 2020; Rocha et al., 2014)  

	
	
	Carp 
	Fillets and Gut
	Firmicutes, Proteobacteria and Fusobacteria, Dechloromonas, Methylocaldum, Planctomyces, Rhodobacter, Caulobacter, Flavobacterium, Pseudomonas and 
Vibro species 
	Fresh water fish 
	(Ni et al., 2013; Tran et al., 2018) 

	
	
	Cat fishes  
	Fillets 
	Psychrophilic bcterias, Enterobacteriacea, Staphylococcus aureus, Salmonella spp. and Listeria monocytogenes, Vibro species  
	Fresh water
	(Dambrosio et al., 2016)

	
	
	Tana, Mahi mahi, Barracuda, Jack and Salmon
	Fillets 
	Salmonella Spp., Listeria monocytogenes, and Aeromonas hydrophila, Clostridium botulinum, E. coli O157:H7, Bacillus cereus, S. aureus
	Marine or Saltwater
	(Sheng & Wang, 2021)

	
	
	Sea bass and sea bream
	
	Lactic acid bacteria, aerobic mesophilic bacteria, Enterobacteriaceae, total coliforms and Staphylococcus spp. coagulase +
	Marine or Salt water
	(Carlos et al., 2020)



[bookmark: _Toc91761306][bookmark: _Toc91880985][bookmark: _Toc91761307][bookmark: _Toc91880986]Spirulina Algae 
Taxonomy and Production

The taxonomical classification of  Arthrospira platensis is under Kingdom: Monera, Phylum: Cyanobacteria, Class: Cyanophycean, Order: Nostocales, family: Oscillatoriaceae, Genus: Arthrospira, Species Arthrospira platensis (Fedor, 2011), please look Fig. 1. and 2 on how A. platensis is part of the bacteria domain and the Cyanobacteria phylum and the phylogenetic tree of A. platensis using a cladistics approach respectively (Fedor, 2011).
[bookmark: _Toc87348123][bookmark: _Toc89078851][bookmark: _Toc90724922][bookmark: _Toc91761308][bookmark: _Toc91880987]Figure 1. 
Tree of Life 
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[bookmark: _Toc89078852][bookmark: _Toc90724923][bookmark: _Toc91761309][bookmark: _Toc91880988]

Figure 2. 
The phylogenetic tree of A. platensis using a cladistics approach
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[bookmark: _Toc87348124]
In addition to Arthrospira platensis, other species, namely Arthrospira maxima also represent the micro-algae, Spirulina. In the global algae business area, Spirulina is taken as first rank and the major farmed micro-alga and 30% of the global algae biomass production comes from Spirulina, this is because of the  multi-use and function of the algae including the high protein, carotenoid, phycocyanin and other bioactive compounds (Costa et al., 2019; Paula da Silva et al., 2021).
Spirulina can be sourced and harvested from two sources; the first one is the natural wild stock from the warm alkaline water, which is naturally found in African lakes like those of Ethiopia, Chad, and Tunisia, Latin America, such as Mexico and Peru and the lakes in Southern Asia (India, Sri Lanka, and Thailand) and the second source of spirulina is an

artificial culturing and production in ponds (ANSES., 2017; Assaye et al., 2018; Belay, 2008; Piccolo, 2012).
[bookmark: _Hlk68347156]In Spirulina (A. platensis) production, the interaction of different factors, including   nutrients and light intensity and salt concentration affect the photosynthetic efficiency, growth, productivity and the bioactive compounds of the blue-green algae. In a study the process of photosynthesis in the spirulina was found to be negatively affected by the increase in a concentration of salt from 2.5 to 5 and 10 % (V/V), while a decrease in growth and productivity of the blue-green algae was simultaneously observed (Markou et al., 2021). On the other hand, other research findings revealed that the amount of phenolic compound in the Spirulina was increased eight times through the application of light intensity treatment, while at the same time an increment was seen in on the important nutrients, such as protein, carotenoids, carbohydrates, phycocyanin and antioxidant activities (Aysun et al., 2012). 
The growth of Spirulina maxima in Zarrouks medium supplemented with different concentration of sodium nitrate and phenylalanine had positive effects on the production of biomass (Abd El-Baky et al., 2009), whereas the turbidness of the growing mediums influences the spirulina yield and its bioactive compounds. Thus, the varying turbidness in the growing mediums is associated with the availability and/or addition of the different nutrients. So, a balance between the nutrients and light availability is an important parameter, with considerable variations of digestate concentrations (Markou et al., 2021). 
The global Spirulina market before five years is around 700 million dollars but in the coming five years annually it will grow by 10% and at 2026 the Spirulina market will be projected to a value of around 2 billion dollars, from this the USA market holds the largest spirulina market with a market value of 570-million-dollar (Silva, 2020).
[bookmark: _Toc91761310][bookmark: _Toc91880989]Use of Spirulina as a Human Food
[bookmark: _Hlk68345353]Spirulina considered as a super miracles food, functional food in health perspective and food additives in food industry and popular in health and aquaculture areas (Koukouraki et al., 2020; Paula da Silva et al., 2021; Soni et al., 2017a). Spirulina has a valuable high amount of macro and micronutrients including high amount of protein, carbohydrate, different vitamins like beta-carotene, minerals including Iron, calcium, magnesium, essential fatty acids like gamma-linolenic fatty acids and other bioactive compounds (Carcea et al., 2015; Soni et al., 2017). 
According to the United States Food and Drug Administration (FDA) (Lafarga et al., 2020) and the European Union (EU) (European Union, 2015; Lafarga et al., 2020), Spirulina is accepted as a novel and safe food for human consumption. In Brazil, the culture industry and human consumption of Spirulina LEB-18 can also be practicable within the framework of globally accepted biomass production under the guidelines of food safety standards (de Jesus et al., 2018). Additionally, some of the bio-active compounds of Spirulina are actively function as anti-inflammatory, antibacterial, and anti-cancer therapy/medicine in human health.  Besides, Spirulina together with its bio-active compounds plays a vital role in human health, for treating several diseases associated with metabolic disease and other conditions (Koukouraki et al., 2020; Lafarga et al., 2020).

[bookmark: _Toc91880990][bookmark: _Toc91880991][bookmark: _Toc91761311]Other functions of Spirulina Algae 

Spirulina across the world is primarily known for its high nutritional value (Kelly Moorhead, Bob Capelli, 2013; Tidjani, 2018), dietary supplementation (ANSES., 2017; Lafarga et al., 2020), used as fish meal and waste water treatment (Zhang et al., 2020), Spirulina is rich in micro and macronutrients and is used as an ingredient in the production of innovative valuable foods in food industries (Lafarga et al., 2020). It is considered as a future food for mankind around the globe (Soni et al., 2017b). Throughout history, the Aztecs in Mexico and communities in Chad in tropical Africa have eaten the naturally harvested spirulina in a dried cake form (Asnake et al., 2021; Belay, 2008; Piccolo, 2012; Tidjani, 2018; Ye et al., 2018).
Spirulina contains desirable chemical compositions such as proteins, carbohydrates, essential amino acids, minerals, essential fatty acids, vitamins, and pigments as well as phycocyanin, sulfated polysaccharides, and γ-linoleic acid (GLA) (Lafarga et al., 2020; Ye et al., 2018). Additional functions of Spirulina includes antimicrobial activity against various drug-resistant foodborne pathogens (Alshuniaber et al., 2021; Christ-Ribeiro et al., 2019), antioxidative and anti-mycotoxin (Abdel-daim et al., 2020; Pugazhendhi et al., 2015), cardiovascular, anticancer, antiaging, anti-inflammation, lung defensive; neuroprotective, cardioprotective, hepatoprotective and boosting the immune system (Huang et al., 2018; Konícková et al., 2013; Metekia et al., 2021).

[bookmark: _Toc91761312][bookmark: _Toc91880992]Artificial Intelligence (AI) based models 

[bookmark: _Hlk67782353]Currently the Artificial Intelligence (AI) approach models has been used in evaluating the process and interaction of different input and output variables on certain productions system. In a study conducted on the extraction and recovery of phenolic compounds from photosynthetic organisms modeled using central composite design (CCD) and artificial neural networks (ANNs) in order to estimate ideal values and standards for the process; based on this Dahmoune et al. (2015) studied the optimum standards of total phenolic compounds production using ultrasound green extraction method from Pistacia lentiscus (P. lentiscus) leaves, the models were helped in the forecast of the total phenolic compound (TPC) (Dahmoune et al., 2015). In another supporting study, Momordica charantia leaves phenolic compound extraction response surface methodology (RSM) and ANN models were used; using three by three levels and variables arrangement i.e., extraction temperature, solvent concentration and extraction time (Uysal et al., 2019). 
[bookmark: _Hlk67300154]In another experiment of Spirulina platensis algae production, practical swarm optimization (PSO) with support vector sector machines (SVMs) models were applied; in this process adjusting kernel variables in the SVM process which determine and influence the accuracy of the regression is a key issue, and the PSO-SVM model of goodness values were fitted with the experimental values of Chlorophyll-a concentration which was a key bioactive compound that determine photosynthesis and Chlorophyll-a, an ideal estimator for the algal biomass production (García Nieto et al., 2016). Additional studies were displayed below on the application AI models, so please look Table 3 for details. 


Table 3. 
Some examples that used Artificial Inelegancy based models 

	Autor
	Title 
	AI model used
	

	(Badura et al., 2020)
	Application of artificial neural networks to prediction of new substances with antimicrobial activity against Escherichia col
	ANN
	

	(Sharma et al., 2021)
	Predicting microbial response to anthropogenic environmental disturbances using artificial neural network and multiple linear regression
	ANN and MLR
	

	(Smaoui et al., 2018)
	Statistical versus artificial intelligence -based modeling for the optimization of antifungal activity against Fusarium oxysporum using Streptomyces sp. strain TN71
	ANN, MLP and the RBF, RSM  
	

	(Nowaczyk et al., 2021)
	Prediction of the antimicrobial activity of quaternary ammonium salts against Staphylococcus aureus using artificial neural networks

	ANN
	

	(Friedlander & Zoellner, 2020)
	Artificial Intelligence Opportunities to Improve Food Safety at Retail
	General interest review on AI
	

	(Lv et al., 2021)
	A review of artificial intelligence applications for antimicrobial resistance
	ANN, SVM, RF, DT and NB
	

	(Asnake et al., 2021) 
	Artificial intelligence-based approaches for modeling the effects of spirulina growth mediums on total phenolic compounds. Saudi Journal of Biological Sciences.
	ANFIS, MLP 
	





CHAPTER III
[bookmark: _Toc91880994][bookmark: _Toc91761314]Methodology
   
Materials 
· Aluminum sheet
· Analytical beam balance           
· Autoclave 
· Centrifuge
· Digital colony counter
· Digital/ sensitive balance (BEL)
· Flame
· Glass jar 
· Glass Stirring Rod
· Graduated cylinder 100 ml and 500 ml
· Knife 
· Laboratory gloves
· Media bottles of different size (250 and 500 ml) 
· Petri dish 
· Pipette
· Refrigerator
· Sample bottle 1000 ml
· Sample bottle 250 ml
· Sample bottle 500 ml
· Sample bottles 
· Spoon
· Test tubes
· Test tubes rack
· Water Bath

[bookmark: _Toc91761316][bookmark: _Toc91880995]

Media and others	Comment by Beyza Ulusoy: SHOULD BE ENRICHED

Analytical grade and pure Media were used throughout the study period and the media preparation procedure. 
· Alcohol
· Distilled water 
· Maximum Recovery Diluent (MRD) with lot number of 136775/037, Merck KGaA, 64271 Darmstadt, Germany
· Violet red bile agar (VRB) with lot number of 1.01406.0500, Merck KGaA, 64271 Darmstadt, Germany
· Plate Count Agar (PCA) with lot number of 1.05463.0500, Merck KGaA, 64271 Darmstadt, Germany
· Baird-Parker agar (BPA) with lot number of 1.05406.0500, Merck KGaA, 64271 Darmstadt, Germany
· Egg yolk tellurite emulsion (1.03785.0001 Made in United Kingdom) for enrichment of BPA 
· Tryptic Soy agar (TSA) 1.05458.0500, Merck KGaA, 64271 Darmstadt, Germany 
· Sulphite Polymyxin Sulphadiazine (SPS) Agar with lot number of 1.10235.0500, Mrck KGaA, 64271 Darmstadt, Germany.

[bookmark: _Toc91761318][bookmark: _Toc91880996]Extraction of Spirulina

The fresh blue-green algae Spirulina platensis was brought from Çukurova University, Adana, Turkey. It was stored as frozen in Department of Food Hygiene and Technology of Veterinary Medicine Faculty in Near East University within hygienic packages as shown in Fig. 3. below. The ready biomass of Spirulina platensis was stored in -18 OC in freezer for the next step of extraction.



[bookmark: _Toc89078861][bookmark: _Toc90724932][bookmark: _Toc91761319][bookmark: _Toc91880997]Figure 3.  
Fresh frozen S. platensis algae

[image: ]
[bookmark: _Toc87348133]
[bookmark: _Hlk91966202]The extraction of Spirulina was done using the freeze-thaw method based on Tan et al., (2020) with some modifications on the concentrations. 0.5, 1 and 5 grams of freeze spirulina were weighted with 100 ml of sterilized distilled water for each group of solutions and assigned as EA, EB and EC extracts respectively, Fig. 4 illustrated the Hu angle was for blue color valuation of the Spirulina extract (İlter et al., 2018; Kara J. et al., 2021) and Fig. 5 show the procedures of extraction. So, the fresh Spirulina biomass which is kept in the freezer at -18 OC for 2 hours; this is called the freezing stage and then weighted 0.5, 1 and 5 gm spirulina biomass from our freeze stock and put in to the labeled and sterilized bottles and then we measured and added 100 ml distilled water in each bottle that contain the weighted spirulina and then slightly shake for a few minutes and put all those in the adjusted water bath at 25 OC and covered with aluminum sheet to create dark environment for the extraction process for 24 hours, in the next day we separate the supernatant from the residue extract to another labeled new sterilized bottle and then the solution was kept in refrigerator with +4 OC until we use for treatment. activity, please look the photos of the extract Fig. 2, 3.


[bookmark: _Toc89078862][bookmark: _Toc90724933][bookmark: _Toc91761320][bookmark: _Toc91880998]Figure 4. 
[bookmark: _Toc66179706]Procedures for the extraction of S. platensis  	Comment by Beyza Ulusoy: Hue angles of chart will be used for color valuation (the extract was in the blue range (İlter et al., 2018) 
DID WE DO THIS? IF SO IT MAY BE GOOD TO ADD A SUCH CHART AS ANNEX
· Weighing the freeze Spirulina algae of 0.5, 1 and 5 % w/v ratio using 100 ml of distilled water as solvent and three different concentrations of EA, EB and EC were obtained
· The freezing and thawing temperature is -18 & 25 ◦C for the time interval of 2 hour and 24 hours respectively
· The yield contains a supernatant of extracts and residues so remove the residue by distillation and transferring in to another sterilized glass jar 
· Hue angles of chart will be used for color valuation (the extract was in the blue range (İlter et al., 2018; Kara J. et al., 2021)









[bookmark: _Toc87348135][bookmark: _Toc89078863][bookmark: _Toc90724934][bookmark: _Toc91761321][bookmark: _Toc91880999][bookmark: _Toc87348134]




Figure 5. 
Spirulina algae extraction using thaw method in water base at 25 OC for 24 h
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[bookmark: _Toc91761322][bookmark: _Toc91881000]Preparing Fish Samples for Experiment

[bookmark: _Toc66179709]Twente five fresh whole Nile tilapia fishes (Oreochromis niloticus) were purchased from Nicosia fish market and dissected and fileted into equal quarters, and produces 100 fillets and 1500 results were obtained during the study period, as shown in Fig. 6 below. Before the application of the extract from each fresh fillet we took and analyzed the initial microbiota count and taken as a control and then we were treated each fillets using the extracted Spirulina EA, EB and EC concentration with 0.5, 1 and 5 w/v % solutions respectively. Alcohol and flame were used to sterilize all materials contact with samples.
[bookmark: _Toc89078865][bookmark: _Toc90724936][bookmark: _Toc91761323][bookmark: _Toc91881001]Figure 6. 
Fresh whole Nile Tilapia (Oreochromis niloticus) fish sample preparation
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[bookmark: _Toc87348137]


[bookmark: _Toc91761324][bookmark: _Toc91881002]Designing the Experiment

[bookmark: _Toc89078867][bookmark: _Toc90724939][bookmark: _Toc91761326][bookmark: _Toc91881004]Figure 7. 
Flow chart for the experimental study of antimicrobial activity of S. platensis extracts on fresh tilapia fish fillets

[image: ]

*Extraction was performed using thaw method in water base at 25 OC for 24h and a concentration of 0.5, 1 and 5 % w/v using distilled water solvent of 100 ml for each extract was prepared, hence three different concentrations of EA, EB and EC were developed.
**All microbiological analyses were evaluated under the basic safety principles including biosafety cabinet, one-time use, and throw sterile gloves. The microbial analysis was compared; total viable count on plate of Total Mesophilic Aerobic Bacteria (TMAB), Total Psychrophile Aerobe bacteria (TPAB), Total Coliform bacteria, Staphylococci (SA), Sulphite-reductant anaerobe bacteria (SRAB) and Yeast and Moulds (YM) before and after Spirulina platensis extract application treatments. 
*** Antimicrobial experimental treatments were done by measuring 5 ml of the solution into the prepared fillets and the treated fish fillets were stored at refrigerator at -4OC and after 1, 24 and 48h microbiological analysis were done again, to evaluate the antimicrobial activity of the extracts. Actually the microbiological procedure were worked by weighing aseptically 5 g of the tilapia fish fillets sample before and after treatment from each sample into a sterile glass jar together with 45 mL maximum recovery diluent (MRD) solutions homogenizer; and serial dilution of 1:10 were produced, homogenization and mixing of each fish sample was worked separately, results were reported as log10 CFU/g (Baniga et al., 2017).
And also from the above flow chart, after the microbiological analysis we evaluated the results using descriptive statistics and an Artificial Inelegancy (AI) based models’ specifically Artificial Neural Network (ANN) and Adaptive Neuro Fuzzy Inference System (ANFIS) were used for the analysis; together with this the considerations in the inputs data set was the Spirulina extracts concentrations EA, EB and EC (0.5, 1 and 5)  w/v and the initial microbial load as a control microorganism (log10 CFU/g) and the output data consideration was the result obtained by Spirulina antimicrobial activity or microbial reduction using Spirulina extracts at 1, 24 and 48 hours (log10 CFU/g).

[bookmark: _Toc91761327][bookmark: _Toc91881005]Microbiological Analysis 

[bookmark: _Hlk91748760]The microbiological procedure was worked by weighing aseptically 5 g of the tilapia fish fillets sample before treatment and after treatment from each sample into a sterile glass jar together with 45 mL maximum recovery diluent (MRD) LOT 136775/037 solutions homogenizer; and serial dilution of 1:10 were produced, homogenization and mixing of 
each fish sample was worked separately, results were reported as log10 CFU/g (Baniga et al., 2017).
[bookmark: _Toc91761328][bookmark: _Toc91881006]Microbiological analysis of TMAB and TPAB

[bookmark: _Hlk91748983]Total Mesophilic Aerobic Bacteria (TMAB) and Total Psychrophile Aerobe bacteria (TPAB) were enumerated in plate count agar (PCA) (lot number 1.05463.0500, Merck KGaA, 64271 Darmstadt, Germany), after incubation of 48 h at 37 OC for TMAB and 7 d at 10 OC for TPAB and results was expressed as log10 CFU/g (Ozvural, 2019). 

[bookmark: _Toc91761329][bookmark: _Toc91881007]Microbiological analysis of Total Coliform 

Total coliform was counted by spread plate method as described by ISO methods and 1 ml was used for serial dilution up to 10-1 and 0.1 ml were speeded on each Petri dish having Violet red bile agar (VRB) (lot number of 1.01406.0500, Merck KGaA, 64271 Darmstadt, Germany) and incubated at 37 ± 1 °C for 24 ± 2 h. and results was and expressed as log10 CFU/g (Baniga et al., 2017; Sanjee & Karim, 2016).

[bookmark: _Toc91761330][bookmark: _Toc91881008][bookmark: _Hlk91749544]Microbiological analysis of Staphylococci 

[bookmark: _Hlk91749582][bookmark: _Hlk91749658]Staphylococci species including S. aureus was counted by spread plate method as described by ISO methods and 1 ml was used for serial dilution up to 10-1 and 0.1 ml were speeded on each Petri dish having Baird-Parker agar with lot number of 1.05406.0500, Merck KGaA, 64271 Darmstadt, Germany, accredited ISO 6888 and FDA-BAM) and Egg yolk tellurite emulsion (1.03785.0001 Made in United Kingdom) were added to enrich the media. The inverted plates were incubated at 37 ± 1 °C for 24 ± 2 h. Typical black colonies with white margin (halo) and a clear zone around colonies on the Baird-Parker agar was enumerated and expressed as log10 CFU/g (Gassem, 2019).

[bookmark: _Toc91761331][bookmark: _Toc91881009]Microbiological analysis of Yeast and Mold (YM)

[bookmark: _Hlk91749861][bookmark: _Hlk91752350]Yeast and molds were enumerated according to (Gassem, 2019) using Tryptic Soy agar with lot number of 1.05458.0500, Merck KGaA, 64271 Darmstadt, Germany. Then plates were incubated aerobically at 25 OC and the Petri dishes was placed in vertical Standing position for 5 days to obtain mycelial discs, and results was expressed as log10 CFU/g.

[bookmark: _Toc91761332][bookmark: _Toc91881010]Microbiological analysis of Sulfate reductant anaerobe (SRAB)

[bookmark: _Hlk91752084]The enumeration of Sulphite-reductant anaerobe bacteria was worked based on the method of Speranza et al., 2013 as described by  (Saraiva et al., 2017) using  Sulphite Polymyxin Sulphadiazine (SPS) Agar (lot number of 1.10235.0500,  Mrck KGaA, 64271 Darmstadt, Germany) through combination of 1 ml decimal dilution and incubation of 25 OC for 72 h. Black colonies formed by the production of H2S were  enumerated.

[bookmark: _Toc91761333][bookmark: _Toc91881011]Evaluation of the result by Artificial Intelligence  

[bookmark: _Hlk87366242]AI developed models was used as part of the procedure to accomplish this experimental study including the Artificial Neural Network (ANN), Adaptive - Neuro Fuzzy Inference System (ANFIS) and descriptive statistics was used to analyze and model the activities of Spirulina algae extract antimicrobial action on TC, TMAB, TPAB, SA, YM and SRAB of fresh tilapia fish fillets. 
The data was from the laboratory experimental study findings. In this analysis the initial microbial load before treatment i.e., the control microbial load before treatment (CFU log10/g) and the Spirulina algae extracts namely EA, EB and EC (w/v) in each sample was taken as an input variable and the amount of total microbial load reduction after treatment at the specified time interval i.e., 1, 24 and 48hs (CFU log10/g) was taken as an output variable in the analysis and modeling of this study using descriptive statistics, Artificial Neural Network (ANN) and Adaptive - Neuro Fuzzy Inference System (ANFIS) models.






Artificial Neural Network (ANN)

Artificial Neural Networks (ANN) is part of the AI approach a mathematical black-box model and its buildup of the model system considered the human nerve functional structure to solve problems using the various nonlinear artificial neurons as described by Mislan et al. 2015 (Nourani et al., 2021). ANN is used to solve real world problems including antimicrobial test and modeling using the input-output processing system. ANN data processing method develops networking and association of the neurons with each other to build complicated nonlinear input-output interactions and this again described by networking topology, testing, training algorithms and activation function (Tongal & Booij, 2018). ANN is frequently practical in complex situations that cannot be solved using classical computational methods. 
There are different types of ANN algorithms including the top known multi-layer perceptron (MLP) Levenberg-Marquart (LM), Conjugate gradient, Quasi-Newton and Brodyen-Flecher-Goldfarb-Shanno are the major and practical algorithms. The MLP is accomplished with the backpropagation (BP) algorithm that comprises an input, output and hidden layers (Nourani et al., 2021).
In this research we used the commonly applied and popular ANN model, the multi-layer perception (MLP) neural network, that help us to run and solve non-linear systems. Different researchers considers MLP as a globally acknowledged and accepted model with respect to the other types of ANNs (Choubin et al., 2016).
In this model the set of input and output variables were assigned to one of the subsets of the network; training and testing phase. In this research from experimental data 70% were given to the training phase, 10% for the validation and 20 % to the test phase.  Like other ANN models the MLP neural network is also functioned by means of an input-output layers where an input layer is a hidden one (Abba, Pham, et al., 2020; S. Kim & Singh, 2014). Usually, the input layer nodes are linked to those of the hidden layer and then, the output layer. The program is motivated and then transmitted from the input to output layer using the help of the weight and biases by sequential mathematical processes. The Levenberg-Marquardt algorithm is commonly used as a learning algorithm to adjust and improve the error amongst the measured values and projected values. The training algorithms are iteratively repeated until the required outcomes are found. Just like the conventional ANN, MLP is also hold an input, as well as one or more hidden layers and output layers in its structure (Fig. 8) (J.-H. Kim & Lee, 2017).

	                                                                  


      					 (1)

 where N is the total number of nodes in the top layer of the node, i; wji is the weight between the nodes i and j in the upper layer; xj defines the output derived from node j; wi0 is the bias in node i, and yi describes the input signal of node i which crosses via the transfer function.
[bookmark: _Hlk87351671][bookmark: _Toc89078870][bookmark: _Toc90724942][bookmark: _Toc91761335][bookmark: _Toc91881012]Figure 8. 
Three-layer multilayer perceptron structure
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[bookmark: _Toc91761336]Adaptive-Neuro Fuzzy Inference System (ANFIS)

[bookmark: _Hlk87540109]Adaptive-Neuro Fuzzy Inference System (ANFIS) is one of the globally famous models in artificial intelligence-based simulations and it has an extensive ranging application in different problem solving. The ANFIS is composed of two central layers, the first one is the adaptive multi-layer and the second is the feed forward networks. Together with this the feed forward networks yet again embraces an input-output variables using fuzzy procedures of the Takagi - Sugeno type. In the fuzzy data-based scheme the fuzzier and defuzzifier are two important body builders in the arrangement of this system. In the fuzzy logic the nodes’ function and allowed in the modeling of the interaction and relation between input and output variables. Together with this nodes have various work out in the connection of the input-output relation including triangular, sigmoid, Gaussian and trapezoidal (Abba, Pham, et al., 2020; S. Kim & Singh, 2014). In this model there are two basic considerations that should be taken in to account in the input-output arrangements, firstly the two variables of the FIS ‘x’ and ‘y’ inputs data and one output ‘f’, a first-order Sugeno fuzzy and as a rule it follows the following formula.

Rule 1: if                                (2)

Rule 2: if                	           (3)

Where , constraints are membership functions for x and y, and inputs  are outlet function parameters. The building and design of ANFIS follows a five - layer neural network arrangement. Regarding the ANFIS preparation more details are presented by Lu et al., (LU et al., 2018). 

[bookmark: _Toc91761337]Evaluation criteria for data - driven models

[bookmark: _Hlk63533161]Most of the time for any type of data driven studies the performance accuracy is estimated by comparing the projected values with the measured values. In this work, the determination coefficient (DC) as a goodness of fit, correlation coefficient (CC) and two statistical error, including root mean-squared error (RMSE) and mean - squared error (MSE) were applied to estimate the models:
	                                                            (4)

	                                                (5)
	                                                                        (6)

MSE =   	                                                             (7)
Where; N, ,  and  are data number, observed data, average value of the observed data and computed values, respectively.
[bookmark: _Toc91761338] Data set description and validation of the models

[bookmark: _Hlk16362598]The prime objective of data driven scheme is to make the data suitable for the models for a certain value set build on the bases of the working needles, so that we can make reliable and consistent prediction of the unknown data sets. In this procedure issues such as overfitting values, reasonable   working activities are not always taken into account.   So, in the endorsement stage, different types of checking, cross-validation and proof were applied like k-fold cross-validation, others are holdout; leave one out, and so on. The most important rewards of the k fold proof tool are that in everyone single pointed, the verification and the working sets are self-determining. As indicated above, the data is further distributed into two groups 75% for the training and 25 % for the testing stage and also taking the k-fold cross-validation is important. Another important remark for this methodology is the validation methods that we applied to the data set (Abba, Usman, et al., 2020). In which the data set composed of 27 occurrences for every of the variables.


[bookmark: _Toc91761339][bookmark: _Toc91881013]CHAPTER IV
[bookmark: _Toc91761340][bookmark: _Toc91881014]Findings and Discussion

[bookmark: _Toc91761341][bookmark: _Toc91881015]Total Coliform
[bookmark: _Toc90724945][bookmark: _Toc91761342][bookmark: _Toc91881016]Table 4. 
S. platensis extracts antimicrobial activity on TC bacteria descriptive statistic summery in log10 CFU/g
	 
	EA
	EB
	EC

	 
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h
	C
	1h
	24
	48h

	Mean
	1.5
	1.2
	0.9
	0.4
	1.3
	0.8
	0.5
	0.3
	1.4
	0.8
	0.3
	0.1

	Standard Error
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.2
	0.1
	0.1
	0.0

	Median
	1.2
	1.0
	0.8
	0.3
	1.2
	0.6
	0.4
	0.2
	1.2
	0.8
	0.3
	0.1

	Mode
	1.0
	1.0
	0.2
	0.0
	1.2
	0.1
	0.4
	0.0
	0.7
	0.4
	0.1
	0.0

	Standard Deviation
	0.7
	0.8
	0.6
	0.3
	0.6
	0.7
	0.4
	0.3
	0.8
	0.4
	0.2
	0.1

	Kurtosis
	-0.4
	-0.3
	0.9
	2.2
	0.2
	0.2
	1.3
	0.9
	-0.2
	-0.4
	-1.3
	-1.2

	Skewness
	0.9
	0.6
	0.8
	1.2
	0.0
	0.9
	1.1
	1.1
	1.1
	0.5
	0.4
	0.5

	Range
	2.8
	2.8
	2.4
	1.4
	2.7
	2.5
	1.7
	1.0
	2.4
	1.5
	0.7
	0.4

	Minimum
	0.5
	0.2
	0.1
	0.0
	0.1
	0.1
	0.1
	0.0
	0.6
	0.1
	0.1
	0.0

	Maximum
	3.3
	3.0
	2.5
	1.4
	2.8
	2.5
	1.7
	1.0
	3.0
	1.6
	0.8
	0.4



In the Spirulina extract antimicrobial activity on TC the one-way ANOVA analysis had F value of 57.29; P-value: 3.14E-29 which is 0.00 and F critical: 2.64. 

Figure 9. 
Antimicrobial activity of Spirulina extracts over TC bacteria along time duration using line graph (log10 CFU/g)

[bookmark: _Toc87348146][bookmark: _Hlk91784732]

[bookmark: _Toc89078875][bookmark: _Toc90724947][bookmark: _Toc91761344][bookmark: _Toc91881018]Figure 10. 

Antimicrobial activity of Spirulina extracts on TC bacteria using bar chart (log10 CFU/g)

[bookmark: _Toc89078874][bookmark: _Toc90724946][bookmark: _Toc91761343][bookmark: _Toc91881017]


[bookmark: _Toc89078877][bookmark: _Toc90724949][bookmark: _Toc91761346][bookmark: _Toc91881020]Figure 11. 
Antimicrobial activity of Spirulina extracts on TC bacteria using radar chart (log10 CFU/g)

[bookmark: _Toc90724948][bookmark: _Toc91761345][bookmark: _Toc91881019]
[bookmark: _Toc85092448][bookmark: _Toc87348148]

	



[bookmark: _Toc85092449][bookmark: _Toc87348149][bookmark: _Toc89078878][bookmark: _Toc90724950][bookmark: _Toc91761347][bookmark: _Toc91881021]Table 5. 
S. platensis extracts antimicrobial activity on TC bacteria modeling using ANN model and results are in log10 CFU/g
	Training Stage - TC

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	0.5595
	0.4410
	0.1968
	0.4450
	0.2413
	0.1346
	0.3616
	0.1078
	0.0285

	0.5595
	0.4410
	0.1968
	0.4450
	0.2413
	0.1346
	0.3616
	0.1078
	0.0285

	0.5595
	0.4410
	0.1968
	0.4450
	0.2413
	0.1346
	0.3616
	0.1078
	0.0285

	0.5595
	0.4410
	0.1968
	0.4450
	0.2413
	0.1346
	0.3616
	0.1078
	0.0285

	0.5595
	0.4410
	0.1968
	0.4450
	0.2413
	0.1346
	0.3616
	0.1078
	0.0285

	0.9259
	0.6530
	0.2622
	0.7352
	0.3146
	0.1592
	1.3568
	0.3423
	0.1163

	1.1845
	0.8026
	0.3082
	0.5858
	0.2760
	0.1460
	1.3674
	0.3375
	0.1134

	0.5224
	0.4190
	0.1897
	-0.1702
	-0.0324
	0.0058
	1.4558
	0.2972
	0.0893

	0.5193
	0.4170
	0.1889
	-0.2250
	-0.0533
	-0.0035
	1.0458
	0.4841
	0.2011

	2.0522
	1.4044
	0.5230
	0.1768
	0.1005
	0.0646
	1.1792
	0.4233
	0.1647

	0.4544
	0.3310
	0.1322
	1.1294
	0.7269
	0.4067
	0.3571
	0.1038
	0.0265

	1.6866
	1.2205
	0.5835
	1.4875
	0.5225
	0.2859
	0.8547
	0.5695
	0.2522

	0.5100
	0.4089
	0.1847
	0.7352
	0.3146
	0.1592
	0.6686
	0.4004
	0.1705

	0.8835
	0.6285
	0.2546
	0.7361
	0.3150
	0.1595
	0.3590
	0.1055
	0.0273

	1.6944
	1.2303
	0.5925
	1.1294
	0.7269
	0.4067
	0.3636
	0.1096
	0.0293

	0.6191
	0.4756
	0.2076
	1.1386
	0.8183
	0.4533
	0.8614
	0.5679
	0.2512

	0.5181
	0.4162
	0.1886
	1.0805
	0.7775
	0.4349
	0.7788
	0.5051
	0.2213

	Testing Stage - TC

	1.6123
	1.1249
	0.4939
	0.7298
	0.3137
	0.1591
	0.8166
	0.5404
	0.2384

	1.9073
	1.4551
	0.7631
	1.2476
	0.7151
	0.3773
	0.8400
	0.5610
	0.2483

	2.1559
	1.3175
	0.2624
	0.6259
	0.2864
	0.1496
	0.8699
	0.5642
	0.2490

	0.8049
	0.5831
	0.2407
	2.5433
	1.7037
	0.9982
	0.7700
	0.4968
	0.2172

	2.0075
	1.4420
	0.6356
	1.4451
	0.8985
	0.4801
	0.8166
	0.5404
	0.2384

	2.9601
	2.4594
	1.4017
	1.0817
	0.7722
	0.4321
	0.6988
	0.4292
	0.1844

	1.9073
	1.4551
	0.7631
	1.2474
	0.8510
	0.4652
	0.3560
	0.1029
	0.0261

	1.5232
	1.0087
	0.3836
	1.3533
	0.8778
	0.4740
	0.8066
	0.5311
	0.2339



[bookmark: _Toc85092450][bookmark: _Toc87348150][bookmark: _Toc89078879][bookmark: _Hlk86829446][bookmark: _Toc90724951][bookmark: _Toc91761348][bookmark: _Toc91881022]Figure 12.
 The regression graph of Spirulina EA antimicrobial activity over TC bacteria using ANN model
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[bookmark: _Toc85092451][bookmark: _Toc87348151][bookmark: _Toc89078880][bookmark: _Toc90724952][bookmark: _Toc91761349][bookmark: _Toc91881023]
Figure 13.
Plot performance graph of Spirulina EA antimicrobial activity over TC bacteria reduction by using ANN model
[image: ]


Figure 14. 
Histogram graph of Spirulina EA antimicrobial activity over TC bacteria reduction by using ANN model
[image: ]



Figure 15. 
The regression graph of Spirulina EB antimicrobial activity over TC bacteria using ANN model
[image: ]





[bookmark: _Toc85092455][bookmark: _Toc87348155][bookmark: _Toc89078883][bookmark: _Toc90724955][bookmark: _Toc91761352][bookmark: _Toc91881026]Figure 16. 
Plot performance graph of Spirulina EB antimicrobial activity over TC bacteria reduction by using ANN model

[image: ]
[bookmark: _Toc85092454][bookmark: _Toc87348154][bookmark: _Toc89078884][bookmark: _Toc90724956][bookmark: _Toc91761353][bookmark: _Toc91881027]Figure 17. 
Histogram graph of Spirulina EB antimicrobial activity over TC bacteria reduction by using ANN model

[image: ]


[bookmark: _Toc90724957][bookmark: _Toc91761354][bookmark: _Toc91881028][bookmark: _Toc85092456][bookmark: _Toc87348156][bookmark: _Toc89078885]Figure 18. 
The regression graph of Spirulina EC antimicrobial activity over TC bacteria using ANN model
[image: ]





[bookmark: _Toc90724958][bookmark: _Toc91761355][bookmark: _Toc91881029]Figure 19. 
Plot performance graph of Spirulina EC antimicrobial activity over TC bacteria reduction by using ANN model
[image: ]




[bookmark: _Toc85092457][bookmark: _Toc87348157][bookmark: _Toc89078887][bookmark: _Toc90724959][bookmark: _Toc91761356][bookmark: _Toc91881030]Figure 20. 
Histogram graph of Spirulina EC antimicrobial activity over TC bacteria reduction by using ANN model
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Table 6. 
S. platensis extracts antimicrobial activity on TC bacteria modeling using ANFIS Model and results are in log10 CFU/g
	Training Stage- TC

	EA
	EB
	 EC

	1H
	24H
	48H
	1H
	24H
	48H
	1H
	24H
	48H

	0.0421
	0.0843
	-0.0668
	0.1032
	0.0187
	0.0011
	0.1326
	0.0872
	0.0114

	0.0724
	0.0722
	0.1095
	0.0414
	0.1106
	0.0172
	0.0806
	0.0634
	0.0272

	0.0765
	0.0831
	0.1212
	0.0647
	0.0704
	0.0404
	0.1326
	0.0872
	0.0114

	0.0733
	0.0731
	0.1154
	0.0324
	0.0408
	0.1974
	0.1043
	0.0405
	0.0092

	0.1922
	0.186
	0.1752
	0.0699
	0.2214
	0.0381
	0.0785
	0.0564
	0.0261

	0.2612
	0.2385
	0.1948
	0.2015
	0.1344
	0.1247
	0.9918
	0.3127
	0.1499

	0.2846
	0.2555
	0.201
	0.3209
	0.3031
	0.3488
	0.9749
	0.31
	0.0795

	0.1691
	0.1716
	0.1697
	0.0001
	0.0024
	0.0435
	0.9205
	0.5103
	0.3615

	0.149
	0.1546
	0.1624
	0.0002
	0.0004
	0.0048
	0.6626
	0.4552
	0.3804

	0.6432
	0.5704
	0.4818
	0.0451
	0.0255
	0.0693
	0.6158
	0.5808
	0.3504

	0.0135
	0.0602
	0.1259
	0.1193
	0.3735
	0.3311
	0.1476
	0.1529
	0.1513

	0.5513
	0.4764
	0.3505
	0.7159
	0.3891
	0.3443
	0.5614
	0.0155
	0.1608

	0.2874
	0.2839
	0.236
	0.2015
	0.1344
	0.1247
	0.3805
	0.1674
	0.0986

	0.2573
	0.2356
	0.1937
	0.2091
	0.1275
	0.1484
	0.0962
	0.1071
	0.0564

	0.5479
	0.469
	0.3576
	0.269
	0.1601
	0.1583
	0.2477
	0.0147
	0.0374

	0.2225
	0.2103
	0.1843
	0.6572
	0.6532
	0.7197
	0.7234
	1.0852
	0.9974

	0.1577
	0.1635
	0.1666
	0.5334
	0.5542
	0.5157
	0.4662
	0.8236
	0.7735

	Testing Stage- TC

	0.4722
	0.471
	0.6443
	0.15
	0.1217
	0.1752
	0.5115
	0.3991
	0.38059

	0.5623
	0.5023
	0.4638
	0.4131
	0.4134
	0.2492
	0.4822
	0.3274
	0.31535

	0.774
	0.6233
	0.3224
	0.3905
	0.2066
	0.1926
	0.3903
	0.0496
	0.03601

	0.2398
	0.2208
	0.1891
	0.9998
	1
	1
	0.47
	0.1795
	0.1404

	0.72
	0.6439
	0.5396
	0.5309
	0.5065
	0.5025
	0.3655
	0.2131
	0.1167

	1.0054
	0.9816
	0.9134
	0.245
	0.2986
	0.3715
	0.3626
	0.2075
	0.1024

	0.6244
	0.5418
	0.429
	0.551
	0.5211
	0.5267
	0.1931
	0.09467
	0.03905

	0.4685
	0.4027
	0.2102
	0.5581
	0.5276
	0.5408
	0.4161
	0.1437
	0.03093


Figure 21. 
Scatter plots of Spirulina EA antimicrobial activity over TC bacteria at different time duration using ANFIS model






[bookmark: _Toc90724961][bookmark: _Toc91881033][bookmark: _Toc87348161][bookmark: _Toc89078889]Figure 22. 
Scatter plots of Spirulina EB antimicrobial activity over TC bacteria at different time duration using ANFIS model







[bookmark: _Toc90724964][bookmark: _Toc91761358][bookmark: _Toc91881034]Figure 23. 
Scatter plots of Spirulina EC antimicrobial activity over TC bacteria at different time duration using ANFIS model

[bookmark: _Toc87348162][bookmark: _Toc89078890][bookmark: _Toc90724962] 





[bookmark: _Toc90724965][bookmark: _Toc91761359][bookmark: _Toc91881035][bookmark: _Hlk86414889]Figure 24. 
Bar chart of ANN and ANFIS models on Spirulina extracts antimicrobial activity over TC bacteria in different time duration


[bookmark: _Toc90724966][bookmark: _Toc91761360][bookmark: _Toc91881036][bookmark: _Toc87348166][bookmark: _Toc89078894][bookmark: _Toc87348165][bookmark: _Toc89078893]Figure 25. 
Radar chart of ANN and ANFIS simulated of Spirulina extracts antimicrobial activity over TC bacteria in different time duration





[bookmark: _Toc91761361][bookmark: _Toc91881037]Total mesophilic aerobic bacteria 
[bookmark: _Toc87348168][bookmark: _Toc89078896][bookmark: _Toc90724968][bookmark: _Toc91761362][bookmark: _Toc91881038]Table 7. 
S. platensis extracts antimicrobial activity on TMAB descriptive statistic summery in log10 CFU/g
	 
	EA
	EB
	EC

	 
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h

	Mean
	2.5
	1.8
	1.1
	0.7
	2.1
	1.5
	0.8
	0.4
	2.2
	1.2
	0.6
	0.3

	Median
	2.7
	1.7
	1.2
	0.6
	1.5
	1.2
	0.7
	0.4
	1.8
	1.0
	0.3
	0.2

	Mode
	3.0
	1.6
	1.2
	1.0
	1.1
	1.0
	0.9
	0.4
	1.6
	0.3
	0.2
	0.0

	Standard Deviation
	0.7
	0.6
	0.6
	0.5
	1.3
	0.9
	0.6
	0.4
	0.9
	0.9
	0.5
	0.3

	Kurtosis
	0.2
	3.4
	1.5
	1.0
	7.5
	7.6
	15.7
	9.7
	-0.7
	-0.5
	0.5
	-0.6

	Range
	2.9
	2.7
	2.8
	1.8
	5.9
	4.2
	3.3
	1.9
	3.3
	2.9
	1.8
	0.9

	Minimum
	0.9
	0.9
	0.0
	0.0
	0.9
	0.7
	0.1
	0.0
	0.8
	0.2
	0.0
	0.0

	Maximum
	3.8
	3.6
	2.8
	1.8
	6.8
	4.9
	3.3
	1.9
	4.1
	3.1
	1.8
	0.9


In the Spirulina extracts antimicrobial activity on TMAB the one-way ANOVA analysis had F value of 77.05; P-value: 7.33E-37 ~ 0 and F critical: 2.64. 
[bookmark: _Toc90724970][bookmark: _Toc91761364][bookmark: _Toc91881040]Figure 26. 
Spirulina extracts antimicrobial activity on TMAB using line graph at different time duration
[bookmark: _Toc89078897][bookmark: _Toc90724969][bookmark: _Toc91761363][bookmark: _Toc91881039]
[bookmark: _Toc90724971][bookmark: _Toc91761365][bookmark: _Toc91881041]Figure 27.
Average Spirulina extracts antimicrobial activity on TMAB using bar graph at different time duration

[bookmark: _Toc87348171]
[bookmark: _Toc90724972][bookmark: _Toc91761366][bookmark: _Toc91881042][bookmark: _Toc87348170][bookmark: _Toc89078899]Figure 28. 
Average Spirulina extracts antimicrobial activity on TMAB using Radar chart graph at different time duration




[bookmark: _Toc90724973][bookmark: _Toc91761367][bookmark: _Toc91881043][bookmark: _Toc87348172][bookmark: _Toc89078900][bookmark: _Hlk86855211]Table 8. 
S. platensis extracts antimicrobial activity on TMAB modeling using ANN model and results are in log10 CFU/g
	Training Stage - TMAB

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	1.2457
	0.3424
	0.2372
	0.9411
	0.5084
	0.2318
	0.5292
	0.2232
	0.1115

	1.5713
	0.0271
	-0.0033
	0.7499
	0.5392
	0.1063
	0.8422
	0.3594
	0.1893

	1.5455
	0.1468
	0.0764
	0.8856
	0.4976
	0.0778
	0.5413
	0.2284
	0.1144

	1.5659
	0.0750
	0.0287
	1.0870
	0.6844
	0.2499
	0.6258
	0.2633
	0.1630

	1.8338
	1.2924
	0.7018
	0.9411
	0.5084
	0.2318
	1.6470
	0.7117
	0.3783

	1.7908
	1.1920
	0.7315
	2.2013
	0.7337
	0.3862
	0.8601
	0.3670
	0.1902

	1.8649
	1.3188
	0.7104
	1.2809
	0.9597
	0.7365
	0.5404
	0.2437
	0.2744

	1.9115
	1.2830
	0.7442
	2.0108
	0.7126
	0.3864
	0.6570
	0.2787
	0.1419

	1.6405
	1.0919
	0.7049
	2.6709
	1.4232
	0.8942
	0.2108
	0.0773
	0.1487

	1.7610
	1.2267
	0.6937
	2.2013
	0.7337
	0.3862
	0.6767
	0.2872
	0.1466

	1.8720
	1.3220
	0.7132
	0.7632
	0.5642
	0.3572
	1.0712
	0.4749
	0.3735

	2.0708
	1.4315
	0.8380
	1.7529
	0.6857
	0.3846
	0.7448
	0.3160
	0.1814

	2.0811
	1.4202
	0.7741
	1.7229
	0.6825
	0.3840
	0.5872
	0.2483
	0.1253

	1.9441
	1.3373
	0.7411
	2.1039
	1.7006
	1.5556
	0.8240
	0.3513
	0.1871

	1.3558
	1.1912
	0.8132
	2.1808
	0.7314
	0.3863
	0.5856
	0.2476
	0.1249

	1.4862
	1.0394
	0.7071
	1.0838
	0.5513
	0.2757
	2.0081
	0.8730
	0.4661

	1.0360
	0.8635
	0.6797
	0.9867
	0.6744
	0.2839
	1.0361
	0.4437
	0.2321

	Testing Stage - TMAB

	0.9175
	0.8073
	0.6621
	1.1028
	0.5569
	0.2813
	0.6345
	0.2689
	0.1365

	1.3800
	0.8146
	0.5276
	1.1879
	0.5815
	0.3060
	0.7063
	0.3002
	0.1546

	1.5085
	1.0009
	0.6666
	1.0700
	0.8570
	0.5852
	2.1282
	0.9278
	0.4958

	1.6653
	1.1058
	0.7063
	4.8835
	3.3337
	1.8724
	1.8400
	0.7974
	0.4250

	1.8924
	1.3299
	0.7209
	1.3478
	1.1844
	1.0282
	2.2642
	1.0994
	0.5794

	1.8793
	1.2552
	0.7409
	1.2592
	0.6011
	0.3254
	0.6797
	0.2885
	0.1473

	3.4277
	2.8178
	1.8389
	1.4853
	0.6016
	0.1152
	3.0686
	1.4856
	0.7232

	1.2672
	1.1201
	0.8045
	2.5726
	0.7819
	0.3846
	1.7112
	0.7402
	0.3938



Figure 29.  
The regression graph of Spirulina EA antimicrobial activity over TMAB using ANN model
[image: ]

[bookmark: _Toc90724975][bookmark: _Toc91761369][bookmark: _Toc91881045]Figure 30. 
Neural network training performance (plot performance) of Spirulina EA antimicrobial role over TMAB

[image: ]
[bookmark: _Toc90724976][bookmark: _Toc91761370][bookmark: _Toc91881046]Figure 31. 
Neural network training error histogram plot of Spirulina EA antimicrobial role over TMAB
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[bookmark: _Toc90724977][bookmark: _Toc91761371][bookmark: _Toc91881047][bookmark: _Toc87348175][bookmark: _Toc89078903]Figure 32. 
 	The regression graph of Spirulina EB antimicrobial activity over TMAB using ANN model
[image: ]


[bookmark: _Toc90724978][bookmark: _Toc91761372][bookmark: _Toc91881048]Figure 33. 
Neural network training performance (plot performance) of Spirulina EB antimicrobial activity over TMAB
[image: ]
[bookmark: _Toc90724979][bookmark: _Toc91761373][bookmark: _Toc91881049]Figure 34. 
Neural network training error histogram plot of Spirulina EB antimicrobial activity over TMAB	

[image: ]
Figure 35.  
The regression graph of Spirulina EC antimicrobial activity over TMAB using ANN model	
[image: ]


Figure 36. 
Neural network training performance (plot performance) of Spirulina EC antimicrobial activity over TMAB	
[image: ]
Figure 37.	
Neural network training error histogram plot of Spirulina EC antimicrobial role over TMAB
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[bookmark: _Toc90724983][bookmark: _Toc91761377][bookmark: _Toc91881053][bookmark: _Toc87348181][bookmark: _Toc89078909]Table 9. 
S. platensis extracts antimicrobial activity on TMAB modeling using ANFIS model and results are in log10 CFU/g
	ANFIS Training Stage - TMAB

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	1.4813
	0.3963
	0.3131
	1.1261
	0.4735
	0.1053
	0.2785
	0.0201
	0.0134

	1.4378
	0.1076
	0.0477
	0.8407
	0.5693
	0.1299
	0.7298
	0.3400
	0.0325

	1.4851
	0.0857
	0.0533
	0.9992
	0.1014
	0.0103
	0.3028
	0.0646
	0.0231

	1.5154
	0.1130
	0.0090
	1.0798
	0.8802
	0.2696
	0.2701
	0.0502
	0.0099

	1.0257
	0.8787
	0.1570
	1.1261
	0.4735
	0.1053
	0.4692
	0.2235
	0.0446

	1.8287
	1.1905
	0.7257
	1.5857
	0.7799
	0.4667
	0.2227
	0.4229
	0.2978

	1.9076
	1.3293
	0.6530
	1.2400
	0.9805
	0.7400
	0.9001
	0.1900
	0.2700

	1.9312
	1.2086
	0.5104
	1.3476
	0.7414
	0.4363
	0.9749
	0.3355
	0.1323

	1.7100
	1.0194
	0.4792
	1.5299
	0.6700
	0.3401
	0.6498
	0.2099
	0.1902

	2.0147
	1.0198
	0.3300
	1.5857
	0.7799
	0.4667
	1.1361
	0.6027
	0.2419

	1.8938
	1.3731
	0.6644
	0.7203
	0.6083
	0.4098
	0.5000
	0.2900
	0.1799

	2.0625
	1.7634
	0.6518
	1.9896
	0.6505
	0.4189
	1.2000
	0.3500
	0.3393

	2.5711
	1.2945
	0.5231
	2.1481
	0.6438
	0.4273
	0.9488
	0.2691
	0.1417

	1.8892
	1.4038
	0.8950
	1.4801
	0.7799
	0.3699
	0.4901
	0.1900
	0.2070

	1.6075
	1.3382
	1.0010
	1.5371
	0.7786
	0.4648
	0.6366
	0.2609
	0.1362

	1.4781
	1.0854
	0.6814
	0.9581
	0.5594
	0.2986
	2.2840
	1.3106
	0.8061

	0.9533
	0.6566
	0.5942
	0.9198
	0.6794
	0.2509
	1.7911
	0.1070
	0.1002

	ANFIS Testing Stage - TMAB

	1.0199
	0.8108
	0.6198
	0.9481
	0.5706
	0.3244
	0.9612
	0.4915
	0.3920

	1.9397
	1.5516
	0.7776
	0.9723
	0.6184
	0.4367
	1.0796
	0.5095
	0.2712

	1.5203
	1.2693
	0.5906
	1.0403
	0.6306
	0.5693
	2.6870
	0.6187
	0.4615

	1.7683
	1.3128
	0.4959
	4.8802
	3.3398
	1.8699
	2.4922
	1.7637
	0.8624

	1.8668
	1.4595
	1.0531
	1.3399
	1.1798
	1.0102
	2.1200
	1.3700
	0.7100

	1.9127
	1.1935
	1.5868
	1.1331
	0.6525
	0.5211
	1.1447
	0.6068
	0.3753

	3.6016
	2.7999
	1.7996
	0.7203
	0.4404
	0.3500
	3.1000
	1.4000
	0.7800

	1.2778
	1.0683
	0.9997
	3.2419
	0.6484
	0.3883
	2.3880
	1.2910
	0.8314



Figure 38. 
Scatter plots of Spirulina EA antimicrobial activity over TMAB bacteria at different time duration using ANFIS model





[bookmark: _Toc90724985][bookmark: _Toc91761379][bookmark: _Toc91881055][bookmark: _Toc87348183][bookmark: _Toc89078911][bookmark: _Hlk87001811]Figure 39. 
Scatter plots of Spirulina EB antimicrobial activity over TMAB bacteria at different time duration using ANFIS model







[bookmark: _Toc90724986][bookmark: _Toc91761380][bookmark: _Toc91881056]Figure 40. 
Scatter plots of Spirulina EC antimicrobial activity over TMAB bacteria at different time duration using ANFIS model 





[bookmark: _Toc90724987][bookmark: _Toc91761381][bookmark: _Toc91881057]Figure 41. 
Radar chart of ANN and ANFIS simulated of Spirulina extracts antimicrobial activity over TMAB in different time duration	
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[bookmark: _Toc89078915][bookmark: _Toc90724989][bookmark: _Toc91761383][bookmark: _Toc91881059][bookmark: _Hlk88302646]Table 10. 
S. platensis extracts antimicrobial activity on TPAB descriptive statistic summery and results are in log10 CFU/g
	 
	TPAB - EA
	TPAB - EB
	TPABA- EC

	 
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h

	Mean
	2.8
	2.1
	1.5
	0.9
	2.8
	1.9
	1.3
	0.8
	1.9
	1.4
	1.0
	0.5

	Standard Error
	0.2
	0.2
	0.2
	0.1
	0.2
	0.2
	0.2
	0.1
	0.2
	0.2
	0.2
	0.1

	Median
	2.3
	1.8
	1.3
	0.8
	2.7
	1.6
	1.0
	0.7
	1.4
	0.9
	0.6
	0.5

	Mode
	2.0
	1.8
	NA
	0.0
	2.3
	1.4
	1.7
	0.0
	1.2
	0.7
	2.1
	0.0

	Standard Deviation
	1.1
	0.8
	0.7
	0.6
	1.1
	1.2
	0.9
	0.6
	1.0
	0.9
	0.8
	0.4

	Kurtosis
	-0.1
	-0.6
	-0.9
	-1.0
	1.8
	2.5
	1.6
	0.1
	-1.1
	-1.0
	-1.4
	-1.3

	Skewness
	1.1
	0.7
	0.4
	-0.1
	1.3
	1.4
	1.4
	0.7
	0.6
	0.7
	0.5
	0.2

	Range
	3.7
	2.9
	2.5
	1.8
	4.3
	5.1
	3.6
	2.1
	3.1
	2.8
	2.4
	1.2

	Minimum
	1.5
	0.9
	0.3
	0.0
	1.4
	0.1
	0.2
	0.0
	0.7
	0.4
	0.1
	0.0

	Maximum
	5.1
	3.8
	2.9
	1.8
	5.7
	5.1
	3.8
	2.1
	3.8
	3.1
	2.4
	1.2


 The one-way ANOVA had F-value: 52.90, P-value: 2.09E-27 ~ 0 and F-critical 2.65 




[bookmark: _Toc90724990][bookmark: _Toc91761384][bookmark: _Toc91881060]Figure 42.  
The activity of Spirulina extracts antimicrobial activity over TPAB in different time duration using line graph


[bookmark: _Toc90724991][bookmark: _Toc91761385][bookmark: _Toc91881061]Figure 43 
The Spirulina extracts antimicrobial activity on TPAB reduction using bar chart


[bookmark: _Toc91761386][bookmark: _Toc91881062]Figure 44. 
Spirulina extracts antimicrobial activity on TPAB reduction using radar chart (log CFU/g)



















[bookmark: _Toc90724993][bookmark: _Toc91761387][bookmark: _Toc91881063][bookmark: _Hlk89850583]Table 11.
 S. platensis extracts antimicrobial activity on TPAB modeling using ANN model and results in log10 CFU/g
	Training Stage - TPAB

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	1.497
	0.297
	0.048
	1.330
	0.920
	0.506
	0.831
	0.571
	0.283

	1.945
	1.176
	0.452
	1.258
	0.933
	0.448
	0.760
	0.296
	0.066

	1.953
	1.201
	0.474
	1.246
	0.943
	0.435
	0.801
	0.558
	0.279

	1.949
	1.189
	0.463
	1.175
	1.045
	0.345
	0.744
	0.255
	0.034

	1.852
	1.212
	0.613
	1.330
	0.920
	0.506
	0.845
	0.537
	0.252

	2.038
	1.418
	0.787
	1.242
	0.791
	0.489
	0.685
	0.490
	0.245

	2.190
	1.574
	0.904
	1.624
	1.401
	0.541
	1.033
	0.701
	0.348

	1.644
	1.021
	0.521
	1.631
	1.256
	0.602
	0.681
	0.484
	0.242

	1.718
	1.075
	0.525
	1.087
	0.775
	0.381
	0.685
	0.384
	0.157

	2.037
	1.386
	0.715
	1.177
	0.688
	0.479
	0.642
	0.456
	0.228

	2.638
	2.033
	1.260
	1.022
	0.687
	0.366
	0.806
	0.559
	0.279

	1.292
	1.022
	0.842
	1.644
	1.267
	0.607
	0.751
	0.520
	0.258

	1.289
	0.884
	0.768
	1.196
	0.718
	0.482
	0.931
	0.635
	0.316

	1.499
	0.875
	0.450
	1.038
	0.754
	0.353
	1.744
	1.223
	0.612

	1.298
	0.948
	0.878
	1.061
	0.489
	0.467
	0.845
	0.593
	0.297

	2.389
	1.778
	1.062
	4.706
	2.779
	2.261
	3.161
	2.252
	1.131

	2.847
	2.245
	1.421
	4.712
	2.89
	2.224
	2.528
	1.861
	0.94

	Testing Stage - TPAB

	3.37
	2.552
	1.299
	2.876
	1.945
	1.247
	3
	2.151
	1.081

	3.28
	2.556
	1.456
	2.23
	1.645
	0.892
	1.93
	1.284
	0.637

	3.305
	2.554
	1.412
	1.373
	1.21
	0.428
	2.321
	1.587
	0.791

	2.296
	1.669
	0.954
	1.88
	1.443
	0.713
	2.122
	1.614
	0.818

	3.365
	2.588
	1.253
	2.763
	1.96
	1.158
	2.607
	1.911
	0.964

	3.366
	2.6
	1.235
	1.57
	1.199
	0.578
	2.582
	1.88
	0.947

	3.372
	2.597
	1.243
	2.643
	1.964
	1.07
	1.425
	1.009
	0.506

	2.973
	2.49
	1.728
	1.7
	1.313
	0.63
	2.655
	1.942
	0.98



Figure 45.
The regression graph of Spirulina EA antimicrobial activity over TPAB using ANN model
[bookmark: _Toc89078920][bookmark: _Toc90724994][bookmark: _Toc91761388][bookmark: _Toc91881064][image: ]







[bookmark: _Toc90724997][bookmark: _Toc91761391][bookmark: _Toc91881067]Figure 46. 
Neural network training performance of Spirulina EA antimicrobial activity over TPAB

[bookmark: _Toc89078922][bookmark: _Toc90724996][bookmark: _Toc91761390][bookmark: _Toc91881066][image: ]
[bookmark: _Toc90724998][bookmark: _Toc91761392][bookmark: _Toc91881068]Figure 47. 
Neural network training error histogram plot of Spirulina EA antimicrobial activity over TPAB
[image: ]
[bookmark: _Toc90724999][bookmark: _Toc91761393][bookmark: _Toc91881069]Figure 48.
 The regression graph of Spirulina EB antimicrobial activity over TPAB using ANN model
[image: ]








Figure 49. 
Neural network training performance of Spirulina EB antimicrobial activity over TPAB

[image: ]
[bookmark: _Toc87348196][bookmark: _Toc89078927][bookmark: _Toc90725001][bookmark: _Toc91761395][bookmark: _Toc91881071]Figure 50. 
Neural network training error histogram plot of Spirulina EB antimicrobial activity over TPAB

[image: ]


[bookmark: _Toc90725002][bookmark: _Toc91761396][bookmark: _Toc91881072]Figure 51.
The regression graph of Spirulina EC antimicrobial activity over TPAB using ANN model
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[bookmark: _Toc90725003][bookmark: _Toc91761397][bookmark: _Toc91881073]Figure 52. 
Neural network training performance of Spirulina EC antimicrobial activity over TPAB
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Figure 53.  
Neural network training error histogram plot of Spirulina EC antimicrobial activity over TPAB	
[image: ]
[bookmark: _Toc90725005][bookmark: _Toc91761399][bookmark: _Toc91881075][bookmark: _Toc89078931][bookmark: _Toc87348200]Table 12. 
S. platensis extracts antimicrobial activity on TPAB modeling using ANFIS model and results are in log10 CFU/g
	ANFIS Training Stage - TPAB

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	1.6264
	0.2903
	0.0001
	0.7443
	0.6983
	0.1367
	0.7914
	0.5291
	0.0000

	1.6043
	0.8890
	0.0302
	0.9600
	0.8200
	0.0000
	0.7470
	0.4212
	0.0000

	1.6028
	0.9270
	0.0302
	1.3500
	0.7800
	0.0000
	0.4501
	0.1201
	0.0000

	1.6036
	0.9080
	0.0127
	0.6200
	0.4500
	0.0000
	0.7731
	-0.0003
	0.0000

	1.6284
	1.1520
	0.3349
	0.7443
	0.6983
	0.1367
	0.6712
	0.2790
	0.0000

	1.9206
	1.3772
	0.8418
	1.4044
	0.7285
	0.3240
	0.8800
	0.5100
	0.4700

	2.0914
	1.4962
	0.9706
	2.1600
	1.6800
	0.5100
	1.2797
	0.7200
	0.1900

	1.3285
	0.9649
	0.5678
	2.1587
	1.4475
	0.8717
	0.8499
	0.5500
	0.2200

	1.4221
	1.0107
	0.5596
	1.0800
	0.7400
	0.5300
	0.7000
	0.4200
	0.3200

	1.8059
	1.2508
	0.6964
	1.0435
	0.7627
	0.4640
	0.7003
	0.4850
	0.4500

	2.5468
	1.8133
	0.5403
	1.2400
	0.8900
	0.6500
	0.7926
	0.5451
	0.5100

	1.2304
	0.8294
	0.6022
	2.1382
	1.4724
	0.8962
	0.8317
	0.6239
	0.3200

	1.1933
	0.8701
	0.7424
	1.5534
	0.7524
	0.4235
	0.8229
	0.4469
	0.2700

	1.0097
	0.7429
	0.5750
	1.2800
	1.0000
	0.5100
	1.1900
	0.4100
	0.3700

	1.4257
	1.0846
	0.8267
	1.0798
	0.8378
	0.7073
	0.3800
	0.2100
	0.1200

	2.2964
	1.6389
	1.1402
	4.9800
	3.6100
	2.0800
	3.1400
	2.4200
	1.1500

	2.4576
	1.9719
	1.5384
	5.1400
	3.7800
	2.0800
	2.4500
	2.0700
	0.8900

	ANFIS Testing Stage - TPAB

	3.4210
	2.8058
	1.5176
	2.7100
	0.6127
	1.2503
	3.0400
	1.8900
	1.0300

	2.9835
	2.3711
	1.3002
	2.5769
	1.9736
	1.0770
	1.9200
	1.6900
	0.7200

	2.2416
	2.4774
	1.4305
	1.2300
	1.1000
	0.8100
	2.3100
	1.3800
	0.8200

	2.1237
	1.4912
	0.9881
	2.3212
	1.6849
	0.9119
	2.0300
	1.8500
	0.7900

	2.8308
	2.0730
	0.7885
	2.9800
	2.5800
	1.8400
	2.4100
	2.1300
	0.9100

	2.7980
	2.0577
	1.3743
	2.3245
	1.3228
	0.7489
	2.1800
	2.0700
	0.8900

	3.6700
	2.6197
	1.3793
	2.2400
	2.3200
	1.4100
	1.5300
	1.4100
	0.6100

	2.7505
	2.5270
	1.7560
	2.1007
	1.5720
	0.9119
	2.5200
	1.7800
	0.9400


[bookmark: _Toc90725006][bookmark: _Toc91761400][bookmark: _Toc91881076]
Figure 54. 
Scatter plots of Spirulina EA antimicrobial activity over TPAB at different time duration using ANFIS model





[bookmark: _Toc90725007][bookmark: _Toc91761401][bookmark: _Toc91881077]Figure 55. 
Scatter plots of Spirulina EB antimicrobial activity over TPAB at different time duration using ANFIS model







[bookmark: _Toc91761402][bookmark: _Toc91881078]Figure 56. 
Scatter plots of Spirulina EC antimicrobial activity over TPAB at different time duration using ANFIS model
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[bookmark: _Toc91761403][bookmark: _Toc91881079][bookmark: _Hlk87385819][bookmark: _Toc87348204]Staphylococci

[bookmark: _Toc90725010][bookmark: _Toc91761404][bookmark: _Toc91881080]Table 13. 
S. platensis extracts antimicrobial activity on SA bacteria descriptive statistic summery and results are in log10 CFU/g	Comment by Beyza Ulusoy: ALL SA SHOULD BE CHANGES TO STAPHYLOCOCCI

	                                     SA - EA
	SA - EB
	SA- EC

	 
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h

	Mean
	0.57
	0.44
	0.3
	0.13
	0.71
	0.26
	0.1
	0.13
	0.75
	0.12
	0.07
	0.04

	Standard Error
	0.1
	0.1
	0.1
	0.0
	0.1
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0

	Median
	0.4
	0.4
	0.2
	0.1
	0.6
	0.2
	0.1
	0.0
	0.9
	0.1
	0.0
	0.0

	Mode
	1.6
	0.1
	0.0
	0.0
	1.8
	0.2
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0

	Standard Deviation
	0.6
	0.4
	0.3
	0.1
	0.6
	0.2
	0.1
	0.1
	0.4
	0.1
	0.1
	0.1

	Kurtosis
	-0.6
	-0.9
	-0.4
	1.3
	-0.3
	-0.3
	-0.2
	-0.1
	0.0
	-0.5
	-0.5
	1.1

	Skewness
	1.2
	0.5
	0.7
	1.2
	1.0
	0.8
	0.9
	1.1
	0.2
	0.8
	0.8
	1.4

	Range
	1.5
	1.2
	0.9
	0.5
	1.8
	0.7
	0.5
	0.3
	1.6
	0.4
	0.2
	0.2

	Minimum
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Maximum
	2
	1.2
	0.9
	0.5
	1.8
	0.7
	0.5
	0.3
	2
	0.4
	0.2
	0.2


The one-way ANOVA analysis had F-value: 41.2; P-value: 2.81429E-22~0 and F critical: 2.64


[bookmark: _Toc90725011][bookmark: _Toc91761405][bookmark: _Toc91881081]Figure 57.  
Spirulina extracts antimicrobial activity on SA in different time duration using line graph
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[bookmark: _Toc87348206][bookmark: _Toc89078938][bookmark: _Toc90725012][bookmark: _Toc91761406][bookmark: _Toc91881082]Figure 58.  
Spirulina extracts antimicrobial activity on SA using bar chart





[bookmark: _Toc91881083][bookmark: _Toc87348207]Figure 59. 
Spirulina extracts antimicrobial activity on SA using radar chart 








[bookmark: _Toc90725013][bookmark: _Toc91761407][bookmark: _Toc91881084][bookmark: _Hlk89850680]Table 14.
 S. platensis extracts antimicrobial activity on SA bacteria modeling using ANN model and results are in log10 CFU/g
	Training Stage - SA

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	0.0374
	0.0040
	0.0188
	0.1907
	0.0011
	0.0002
	0.0115
	0.0060
	0.0020

	0.1236
	0.0720
	0.0047
	0.1600
	0.0724
	0.0111
	0.0115
	0.0060
	0.0020

	0.1648
	0.0982
	0.0215
	0.1556
	0.0835
	0.0114
	0.0114
	0.0060
	0.0021

	0.1434
	0.0846
	0.0128
	0.1193
	0.0008
	0.0004
	0.0115
	0.0060
	0.0020

	0.4395
	0.2723
	0.1421
	0.1907
	0.0011
	0.0002
	0.0115
	0.0060
	0.0020

	0.4613
	0.2769
	0.1618
	0.1764
	0.0850
	0.0530
	0.0006
	0.0002
	0.0004

	0.1491
	0.0892
	0.0256
	0.1162
	0.0560
	0.0237
	0.0068
	0.0037
	0.0014

	0.1469
	0.0878
	0.0246
	0.2550
	0.1474
	0.0881
	0.0009
	0.0003
	0.0002

	0.6215
	0.3729
	0.2321
	0.2028
	0.1067
	0.0654
	0.0005
	0.0001
	-0.0002

	0.1553
	0.0929
	0.0282
	0.4170
	0.2821
	0.1593
	0.0045
	0.0025
	0.0011

	0.1458
	0.0872
	0.0240
	0.0765
	0.0236
	0.0059
	0.0012
	0.0005
	0.0002

	0.1075
	0.0636
	0.0453
	0.0801
	0.0089
	0.0099
	0.0026
	0.0015
	0.0007

	0.9238
	0.7068
	0.3713
	0.0515
	0.0133
	0.0067
	0.0018
	0.0009
	0.0004

	1.1929
	0.8344
	0.5152
	0.0797
	0.0085
	0.0097
	0.0019
	0.0010
	0.0005

	0.6779
	0.4681
	0.4794
	0.0797
	0.0085
	0.0097
	0.0025
	0.0015
	0.0009

	0.601
	0.361
	0.223
	0.483
	0.320
	0.189
	0.001
	0.001
	0.001

	0.697
	0.496
	0.101
	0.255
	0.147
	0.088
	0.003
	0.002
	0.001

	Testing Stage - SA

	0.981
	0.674
	0.091
	0.222
	0.144
	0.071
	0.001
	0.000
	0.000

	0.443
	0.262
	0.157
	0.113
	0.035
	0.024
	0.003
	0.001
	0.001

	0.465
	0.275
	0.166
	0.358
	0.208
	0.139
	0.002
	0.001
	0.000

	0.430
	0.258
	0.148
	0.541
	0.402
	0.210
	0.004
	0.002
	0.001

	0.281
	0.168
	0.083
	0.539
	0.338
	0.222
	0.002
	0.001
	0.000

	0.543
	0.328
	0.202
	0.400
	0.267
	0.154
	0.002
	0.001
	0.001

	0.507
	0.306
	0.185
	0.488
	0.319
	0.191
	0.001
	0.000
	0.000

	0.919
	0.668
	0.299
	0.468
	0.307
	0.182
	0.003
	0.002
	0.001



Figure 60. 
The regression graph of Spirulina EA antimicrobial activity over SA using ANN model
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Figure 61. 
[bookmark: _Toc90725015][bookmark: _Toc91761409][bookmark: _Toc91881086]Neural network training performance of Spirulina EA antimicrobial activity over SA
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Figure 62. 
Neural network training error histogram plot of Spirulina EA antimicrobial role over SA
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[bookmark: _Toc90725016][bookmark: _Toc91761410][bookmark: _Toc91881088]Figure 63.  
The regression graph of Spirulina EB antimicrobial activity over SA using ANN model
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Figure 64. 
Neural network training performance of Spirulina EB antimicrobial activity on SA
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Figure 65. 
Neural network training error histogram of Spirulina EB antimicrobial role over SA
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[bookmark: _Toc90725018][bookmark: _Toc91761412][bookmark: _Toc91881090]Figure 66. 
The regression graph of Spirulina EC antimicrobial activity over SA using ANN model
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[bookmark: _Toc90725019][bookmark: _Toc91761413][bookmark: _Toc91881091]Figure 67.  
Neural network training performance of Spirulina EC antimicrobial activity over SA
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Figure 68. 	
Neural network training error histogram plot of Spirulina EC antimicrobial role over SA
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Table 15. 
S. platensis extracts antimicrobial activity on SA bacteria modeling using ANFIS model and results are in log10 CFU/g
	ANFIS Training Stage - SA

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	0.0319
	0.0519
	0.0290
	0.1286
	0.0000
	0.0000
	1.2037
	0.8272
	0.0425

	0.0755
	0.0218
	0.0075
	0.1553
	0.0000
	0.0000
	1.1748
	0.0535
	0.0232

	0.1706
	0.2361
	0.0909
	0.1676
	0.0000
	0.0000
	1.3000
	0.0783
	0.0800

	0.1280
	0.0271
	0.0082
	0.1200
	0.0000
	0.0000
	1.1882
	0.9514
	0.4331

	0.0518
	0.0850
	0.0168
	0.1286
	0.0000
	0.0000
	1.1324
	0.6450
	0.0389

	0.2878
	0.1634
	0.0832
	0.2257
	0.1290
	0.0738
	0.0411
	0.0485
	0.0085

	0.1100
	0.0616
	0.0258
	0.1142
	0.0680
	0.0301
	0.5853
	0.4321
	0.2232

	0.0878
	0.0489
	0.0187
	0.2996
	0.1629
	0.1208
	0.0476
	0.0151
	0.0205

	0.3168
	0.1804
	0.1019
	0.2106
	0.1599
	0.0909
	0.0077
	0.0274
	0.0332

	0.1290
	0.0721
	0.0349
	0.4439
	0.2150
	0.1170
	0.4277
	0.2794
	0.0219

	0.0656
	0.0362
	0.0115
	0.0680
	0.0159
	0.0220
	0.0963
	0.0151
	0.0149

	0.1716
	0.1014
	0.0512
	0.0522
	0.0018
	0.0095
	0.2924
	0.1930
	0.0876

	0.9480
	0.6950
	0.3586
	0.0584
	0.0166
	0.0270
	0.1913
	0.0885
	0.0743

	1.0871
	0.8228
	0.4054
	0.0482
	0.0021
	0.0080
	0.2091
	0.1039
	0.0119

	0.9276
	0.6100
	0.3091
	0.0482
	0.0021
	0.0080
	0.2788
	0.1590
	0.1805

	0.3277
	0.2925
	0.0961
	0.5152
	0.2634
	0.0212
	0.1431
	0.0773
	0.0987

	0.6925
	0.4812
	0.1412
	0.2996
	0.1629
	0.0908
	0.3454
	0.2142
	0.1193

	ANFIS Testing Stage - SA

	0.9276
	0.6053
	0.0248
	0.2190
	0.1614
	0.0701
	0.0637
	0.0382
	0.0238

	0.4325
	0.2462
	0.1275
	0.1375
	0.0794
	0.0493
	0.2183
	0.1091
	0.0432

	0.6588
	0.3786
	0.1447
	0.3444
	0.1781
	0.1038
	0.1623
	0.0816
	0.0349

	0.2636
	0.3576
	0.0895
	0.5396
	0.2638
	0.1417
	0.3851
	0.1798
	0.1120

	0.2389
	0.1354
	0.0674
	0.5735
	0.4745
	0.2604
	0.1474
	0.0712
	0.0430

	0.4631
	0.2826
	0.2457
	0.4153
	0.2685
	0.2489
	0.2739
	0.1661
	0.0145

	0.4530
	0.2793
	0.1435
	0.7221
	0.3604
	0.2125
	0.0558
	0.0167
	0.0201

	0.8605
	0.6091
	0.2314
	0.4847
	0.2415
	0.1157
	0.3275
	0.1870
	0.0409


[bookmark: _Toc90725022][bookmark: _Toc91761416][bookmark: _Toc91881094]

Figure 69. 
Scatter plots of Spirulina EA antimicrobial activity over SA in different time using ANFIS model




[bookmark: _Toc90725023][bookmark: _Toc91761417][bookmark: _Toc91881095]Figure 70. 
 Scatter plots of Spirulina EB antimicrobial activity over SA in different time using ANFIS model






[bookmark: _Toc90725024][bookmark: _Toc91761418][bookmark: _Toc91881096]Figure 71. 
Scatter plots of Spirulina EC antimicrobial activity over SA in different time using ANFIS model







[bookmark: _Toc91761419][bookmark: _Toc91881097][bookmark: _Hlk87385920][bookmark: _Toc87348222]Yeast and Molds
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S. platensis extracts antimicrobial activity on YM descriptive statistic summery and results are in log10 CFU/g	
	 
	YM - EA
	YM - EB
	YM - EC

	 
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h
	C
	1h
	24h
	48h

	Mean
	1.7
	1.2
	1.2
	0.4
	1.6
	1.1
	0.5
	0.3
	2.0
	1.1
	0.5
	0.2

	Standard Error
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0
	0.1

	Median
	1.6
	1.2
	1.2
	0.2
	1.5
	1.1
	0.5
	0.2
	2.0
	1.0
	0.5
	0.1

	Mode
	2.2
	1.3
	1.3
	0.0
	1.5
	1.1
	0.0
	0.0
	2.5
	1.0
	0.6
	0.0

	Standard Deviation
	0.5
	0.5
	0.5
	0.4
	0.4
	0.4
	0.4
	0.3
	0.6
	0.3
	0.2
	0.2

	Kurtosis
	-0.7
	1.7
	1.7
	0.7
	7.2
	0.5
	-1.6
	-1.4
	-1.1
	-0.7
	0.2
	1.5

	Skewness
	0.4
	0.2
	0.2
	1.1
	2.1
	0.4
	-0.1
	0.4
	-0.1
	0.5
	0.0
	1.4

	Range
	2.0
	2.4
	2.4
	1.3
	2.1
	1.7
	1.1
	0.8
	1.9
	1.1
	0.9
	0.9

	Minimum
	1.0
	0.0
	0.0
	0.0
	0.9
	0.3
	0.0
	0.0
	1.1
	0.6
	0.1
	0.0

	Maximum
	3.0
	2.4
	2.4
	1.3
	2.9
	2.1
	1.1
	0.8
	3.0
	1.6
	1.0
	0.9


In the one-way ANOVA analysis F-value had 195.39 whereas P-value: 7.24784E-70 ~ 0 and F-critical: 2.64.

[bookmark: _Toc90725027][bookmark: _Toc91761421][bookmark: _Toc91881099]Figure 72.  
The activity of Spirulina extracts antimicrobial role over YM in different time duration using line graph

Figure 73. 	
The Spirulina extracts antimicrobial activity on YM reduction using bar chart








Figure 74.	
The Spirulina extracts antimicrobial activity on YM reduction using radar chart







[bookmark: _Toc90725030][bookmark: _Toc91761424][bookmark: _Toc91881102]Table 17. 
[bookmark: _Hlk89850750]S. platensis extracts antimicrobial activity on YM modeling using ANN model and results are in log10 CFU/g

	Training Stage - YM ANN MODEL

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	0.0083
	0.0089
	0.0135
	1.2959
	0.6843
	0.4386
	1.2930
	0.5424
	0.0456

	1.6091
	0.4827
	0.1108
	0.7271
	0.1929
	0.0185
	1.2213
	0.4959
	0.1913

	1.5408
	0.4705
	0.0299
	0.6209
	0.1023
	-0.0620
	1.2930
	0.5424
	0.0456

	1.574
	0.4761
	0.0705
	1.4256
	0.9590
	0.5539
	1.4819
	0.6448
	0.1707

	1.4174
	0.4995
	-0.2135
	1.2959
	0.6843
	0.4386
	1.2930
	0.5424
	0.0456

	1.3586
	0.7242
	0.0966
	1.7845
	1.4510
	0.1683
	1.1641
	0.6207
	0.1207

	1.0684
	0.5996
	0.1425
	1.0839
	0.4087
	0.1213
	1.1909
	0.5575
	0.2569

	0.8893
	0.4625
	0.1136
	1.2909
	0.6804
	0.4392
	1.3914
	0.7280
	0.0820

	0.852
	0.6884
	0.3971
	0.7744
	0.2089
	-0.0025
	1.4827
	0.6396
	0.1583

	1.2685
	0.6992
	0.2168
	1.2686
	0.6682
	0.4381
	1.0245
	0.6819
	0.2397

	0.8755
	0.708
	0.4015
	0.9981
	0.4359
	0.1637
	1.1069
	0.2591
	0.2887

	1.0181
	0.6652
	0.3463
	1.4423
	0.9064
	0.3618
	1.4671
	0.5974
	0.2071

	0.6065
	0.3428
	0.1585
	1.3390
	0.7433
	0.4191
	1.2927
	0.5582
	0.0588

	0.9672
	0.6673
	0.2881
	1.1174
	0.4088
	0.1102
	0.8608
	0.4060
	0.4089

	2.1977
	1.3202
	1.2383
	0.9505
	0.5433
	0.3838
	0.8077
	0.5596
	0.3932

	1.5148
	1.419
	1.2024
	1.2959
	0.6843
	0.4386
	0.7909
	0.3661
	0.3962

	0.8285
	0.5981
	0.307
	0.9647
	0.7794
	0.4708
	0.8083
	0.4798
	0.3250

	Testing Stage - YM

	1.6366
	0.5122
	0.1605
	1.2950
	0.6835
	0.4387
	0.8083
	0.4798
	0.3250

	0.9634
	0.8745
	0.5709
	1.3051
	0.6939
	0.4362
	0.8298
	0.6679
	0.2207

	1.0164
	0.8928
	0.5509
	1.1106
	0.8427
	0.5027
	0.8087
	0.4877
	0.3205

	0.9275
	0.7083
	0.3672
	1.3735
	0.7976
	0.3999
	0.7707
	0.4185
	0.4066

	1.784
	0.8997
	0.4686
	1.7644
	1.0904
	0.6138
	0.7079
	0.2583
	0.1464

	0.8755
	0.708
	0.4015
	1.2850
	0.6766
	0.4393
	0.7980
	0.5400
	0.3977

	1.4516
	1.1332
	0.8084
	1.0343
	0.7735
	0.4547
	1.0498
	0.3816
	0.5387

	1.4632
	0.7234
	0.2209
	1.2794
	0.6734
	0.4391
	0.8764
	0.6425
	0.3527


Figure 75. 
The regression graph of Spirulina EA antimicrobial activity over YM using ANN model
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Neural network training performance of Spirulina EA antimicrobial role over YM
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Neural network training error histogram plot of Spirulina EA antimicrobial role over YM
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The regression graph of Spirulina EB antimicrobial activity over YM using ANN model
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Figure 79. 
Neural network training error histogram plot of Spirulina EB antimicrobial role over YM
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Neural network training error histogram plot of Spirulina EB antimicrobial role over YM
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The regression graph of Spirulina EC antimicrobial activity over YM using ANN model
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 Neural network training performance of Spirulina EC antimicrobial role over YM
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Figure 83. 
Neural network training error histogram plot of Spirulina EC antimicrobial role over YM	
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Table 18. 
S. platensis extracts antimicrobial activity on YM modeling using ANFIS model and results are in log10 CFU/g	
	ANFIS Training Stage - YM

	EA
	EB
	EC

	1h
	24h
	48h
	1h
	24h
	48h
	1h
	24h
	48h

	0.000
	0.015
	0.001
	0.220
	0.005
	0.003
	1.142
	0.751
	0.040

	1.462
	0.301
	0.025
	1.081
	0.000
	0.005
	1.231
	0.541
	0.000

	1.462
	0.383
	0.008
	0.638
	0.001
	0.008
	1.514
	0.051
	0.040

	1.462
	0.343
	0.016
	1.035
	0.000
	0.039
	1.640
	0.579
	0.000

	1.040
	0.638
	0.124
	0.967
	0.312
	0.010
	1.314
	0.311
	0.040

	1.494
	0.842
	0.330
	1.120
	0.130
	0.019
	1.220
	0.525
	0.019

	1.140
	0.782
	0.553
	1.595
	0.190
	0.131
	1.160
	0.480
	0.110

	0.787
	0.494
	0.150
	1.205
	0.252
	0.086
	1.450
	0.818
	0.025

	0.954
	0.630
	0.253
	0.843
	0.290
	0.260
	1.410
	0.050
	0.050

	1.232
	0.862
	0.351
	1.122
	0.851
	0.496
	1.030
	0.975
	0.132

	1.004
	0.671
	0.285
	0.701
	0.740
	0.145
	1.130
	0.201
	0.140

	1.035
	0.588
	0.349
	1.456
	0.770
	0.223
	1.540
	0.720
	0.100

	0.549
	0.305
	0.194
	0.732
	0.313
	0.275
	1.105
	0.432
	0.062

	1.086
	0.737
	0.416
	0.842
	0.490
	0.042
	0.810
	0.420
	0.110

	2.411
	1.687
	1.000
	1.123
	0.370
	0.154
	0.828
	0.623
	0.455

	1.425
	1.014
	1.066
	2.197
	0.992
	0.335
	0.828
	0.332
	0.275

	0.882
	0.571
	0.198
	1.075
	0.790
	0.531
	0.780
	0.485
	0.317

	ANFIS Testing Stage - YM

	1.462
	0.472
	0.352
	1.218
	0.872
	0.540
	0.780
	0.485
	0.317

	1.037
	0.710
	0.734
	1.418
	1.040
	0.744
	0.780
	0.580
	0.240

	0.985
	0.919
	0.735
	1.065
	0.880
	0.539
	0.775
	0.378
	0.321

	1.064
	0.721
	0.329
	1.176
	1.028
	0.752
	0.805
	0.421
	0.699

	1.548
	0.461
	0.483
	1.835
	0.980
	0.557
	0.710
	0.350
	0.220

	1.004
	0.671
	0.285
	1.182
	0.603
	0.798
	0.821
	0.524
	0.489

	1.330
	0.941
	0.790
	1.149
	0.860
	0.522
	0.941
	0.410
	0.860

	1.442
	0.982
	0.231
	1.159
	0.623
	0.445
	0.884
	0.748
	0.306



Figure 84.
Scatter plots of Spirulina EA antimicrobial activity over YM in different time using ANFIS model	
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Scatter plots of Spirulina EB antimicrobial activity over YM in different time using ANFIS model



	


Figure 86. 
Scatter plots of Spirulina EC antimicrobial activity over YM in different time using ANFIS model	







Table 19. 
Summary of ANN model MSE and RMSE in all the simulations of S. platensis extracts antimicrobial activity over TC, TMAB, TPAB, SA and YM modeling along the time duration 
	Training

	 
	MSE
	RMSE

	
	1h
	24h
	48h
	1h
	24h
	48h

	ANN-TC-EA
	0.0549
	0.0385
	0.0247
	0.2344
	0.1962
	0.1572

	ANN-TC-EB
	0.1074
	0.0309
	0.0172
	0.3277
	0.1757
	0.1313

	ANN-TC-EC
	0.0261
	0.0268
	0.0055
	0.1616
	0.1638
	0.0745

	ANN-TMAB-EA
	0.1031
	0.0506
	0.0590
	0.3211
	0.2250
	0.2428

	ANN-TMAB-EB
	0.3051
	0.1291
	0.1077
	0.5523
	0.3593
	0.3282

	ANN-TMAB-EC
	0.2508
	0.0373
	0.0191
	0.5008
	0.1931
	0.1382

	ANN-TPAB-EA
	0.1406
	0.0706
	0.1249
	0.3750
	0.2657
	0.3534

	ANN-TPAB-EB
	0.1741
	0.1669
	0.0788
	0.4173
	0.4085
	0.2807

	ANN-TPAB-EC
	0.0505
	0.0841
	0.0312
	0.2248
	0.2901
	0.1767

	ANN-SA-EA
	0.0193
	0.0088
	0.0049
	0.1390
	0.0939
	0.0701

	ANN-SA-EB
	0.0028
	0.0024
	0.0021
	0.0527
	0.0489
	0.0459

	ANN-SA-EC
	0.4741
	0.1510
	0.0243
	0.6885
	0.3885
	0.1558

	ANN-YM-EA
	0.6515
	0.0594
	0.0300
	0.8072
	0.2508
	0.1732

	ANN-YM-EB
	0.1931
	0.2578
	0.0639
	0.4394
	0.5077
	0.2528

	ANN-YM-EC
	0.0177
	0.0517
	0.0194
	0.1329
	0.2273
	0.1393

	Testing

	ANN-TC-EA
	0.0451
	0.0314
	0.0304
	0.2124
	0.1773
	0.1744

	ANN-TC-EB
	0.0592
	0.0102
	0.0146
	0.2434
	0.1008
	0.1209

	ANN-TC-EC
	0.0061
	0.0143
	0.0045
	0.0779
	0.1195
	0.0673

	ANN-TMAB-EA
	0.0601
	0.1373
	0.1573
	0.2451
	0.3705
	0.3967

	ANN-TMAB-EB
	0.1343
	0.0185
	0.0159
	0.3664
	0.1361
	0.1260

	ANN-TMAB-EC
	0.3656
	0.3033
	0.0812
	0.6046
	0.5507
	0.2850

	ANN-TPAB-EA
	0.4066
	0.1372
	0.0696
	0.6376
	0.3704
	0.2638

	ANN-TPAB-EB
	0.2381
	0.5373
	0.1563
	0.4879
	0.7330
	0.3953

	ANN-TPAB-EC
	0.0300
	0.0753
	0.0037
	0.1732
	0.2745
	0.0609

	ANN-SA-EA
	0.0111
	0.0045
	0.0026
	0.1056
	0.0674
	0.0510

	ANN-SA-EB
	0.0078
	0.0086
	0.0032
	0.0885
	0.0925
	0.0563

	ANN-SA-EC
	0.0489
	0.0116
	0.0038
	0.2211
	0.1078
	0.0617

	ANN-YM-EA
	0.7019
	0.0410
	0.0134
	0.8378
	0.2024
	0.1158

	ANN-YM-EB
	0.0307
	0.0466
	0.0525
	0.1753
	0.2158
	0.2291

	ANN-YM-EC
	0.0131
	0.0092
	0.0308
	0.1143
	0.0958
	0.1756
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Table 20. 
Summary of ANFIS model MSE and RMSE in all the simulation of S. platensis extracts antimicrobial activity over TC, TMAB, TPAB, SA and YM modeling along the time duration 

	Training

	 
	MSE
	RMSE

	 
	1h
	24h
	48h
	1h
	24h
	48h

	ANFIS-TC-EA
	0.5099
	0.2149
	0.0221
	0.7141
	0.4635
	0.1487

	ANFIS-TC-EB
	0.2424
	0.0445
	0.0029
	0.4923
	0.2109
	0.0535

	ANFIS-TC-EC
	0.1511
	0.0184
	0.0523
	0.3887
	0.1358
	0.2288

	ANFIS-TMAB-EA
	0.0400
	0.0142
	0.0118
	0.2001
	0.1191
	0.1085

	ANFIS-TMAB-EB
	0.0809
	0.0323
	0.0026
	0.2844
	0.1797
	0.0508

	ANFIS-TMAB-EC
	0.0143
	0.0063
	0.0009
	0.1196
	0.0795
	0.0301

	ANFIS-TPAB-EA
	0.0500
	0.0436
	0.0304
	0.2235
	0.2089
	0.1742

	ANFIS-TPAB-EB
	0.0570
	0.0508
	0.0124
	0.2388
	0.2255
	0.1115

	ANFIS-TPAB-EC
	0.0014
	0.0046
	0.0000
	0.0377
	0.0675
	0.0000

	ANFIS-SA-EA
	0.0022
	0.0014
	0.0006
	0.0465
	0.0374
	0.0239

	ANFIS-SA-EB
	0.0022
	0.0178
	0.0006
	0.0465
	0.1333
	0.0239

	ANFIS-SA-EC
	0.0019
	0.0021
	0.0008
	0.0437
	0.0457
	0.0291

	ANFIS-YM-EA
	0.0105
	0.0674
	0.0963
	0.1025
	0.2597
	0.3103

	ANFIS-YM-EB
	0.6029
	0.2578
	0.0024
	0.7765
	0.5077
	0.0488

	ANFIS-YM-EC
	0.0026
	0.0023
	0.0041
	0.0511
	0.0478
	0.0637

	Testing

	ANFIS-TC-EA
	1.9045
	0.8359
	0.0846
	1.3800
	0.9143
	0.2908

	ANFIS-TC-EB
	0.7768
	0.1511
	0.0094
	0.8813
	0.3887
	0.0967

	ANFIS-TC-EC
	0.1274
	0.1345
	0.0177
	0.3570
	0.3667
	0.1332

	ANFIS-TMAB-EA
	0.0144
	0.0325
	0.0033
	0.1201
	0.1803
	0.0577

	ANFIS-TMAB-EB
	0.0017
	0.0049
	0.0011
	0.0417
	0.0702
	0.0333

	ANFIS-TMAB-EC
	0.0283
	0.0239
	0.0038
	0.1683
	0.1547
	0.0614

	ANFIS-TPAB-EA
	0.2634
	0.0518
	0.0228
	0.5132
	0.2275
	0.1509

	ANFIS-TPAB-EB
	0.0182
	0.0491
	0.0259
	0.1350
	0.2217
	0.1611

	ANFIS-TPAB-EC
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	ANFIS-SA-EA
	0.0002
	0.0021
	0.0009
	0.0141
	0.0462
	0.0301

	ANFIS-SA-EB
	0.0002
	0.0021
	0.0009
	0.0141
	0.0462
	0.0301

	ANFIS-SA-EC
	0.0018
	0.0009
	0.0002
	0.0422
	0.0306
	0.0155

	ANFIS-YM-EA
	0.0374
	0.0932
	0.2470
	0.1934
	0.3052
	0.4970

	ANFIS-YM-EB
	0.1174
	0.0466
	0.0064
	0.3426
	0.2158
	0.0798

	ANFIS-YM-EC
	0.0111
	0.0025
	0.0047
	0.1055
	0.0505
	0.0682







Sulphite-reductant anaerobe bacteria
During the whole study period sulphite-reductant anaerobic bacteria (SRAB) were not detected.
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In this experimental study finding the three different Spirulina platensis extracts concentrations, EA, EB and EC antimicrobial activity on Total coliform (TC) had differently efficiency, for example, using the Spirulina EA concentration the TC bacterial load averagely reduces from 1.5 log10 CFU/g at control stage to 1.2, 0.9 and 0.4 log10 CFU/g at 1, 24 and 48hs duration respectively. While EB presented its control from 1.3 log10 CFU/g in control to 0.8, 0.5 and 0.3 log10 CFU/g at 1, 24 and 48hs time duration respectively. While, EC displayed its antimicrobial role on TC from 1.4 log10 CFU/g at control time to 0.8, 0.3 and 0.1 log10 CFU/g respectively, and in the one-way ANOVA analysis, the F-statistic is 57.29; P-value: 3.14E-29 which is near to 0 and F critical: 2.64. As the F-statistic is greater than F-critical value then the test is significant. And also, P < 0.05 then we reject the null hypothesis and accept the alternat hypothesis; this implies that the three Spirulina extracts had significant antimicrobial activity over TC and there is statistically significant difference between control and treatment, please look the details at Table 4. Supporting findings were also displayed this analysis, please look the line-graph, bar-graph and radar chart presented in Fig. 9 – 11. Even if the S. platensis extracts EA, EB and EC displayed good antimicrobial activity over TC but EC had superior antimicrobial role than others, this result is lower than the minimum limit of TC- E. coli bacteria load between 1 and 10 log10 CFU/g which is established by the European Union legislation number 2073/2005 on microbiological criteria for foodstuff (Commission et al., 2005). Another study conducted in Kenya fresh tilapia fish (Oreochromis niloticus) indicate that some tilapia fish samples counts were above 5.00 log CFU/g limit for total viable count, and the majority of the fish samples were a total coliform and fecal coliform counts above 2.00 and 1.00 log CFU/g, correspondingly (ONJONG et al., 2018). Recent published findings by Alshuniaber et al., (2021) and Pina-Pérez et al. (2017) also support the findings of this study that S. platensis extracts control and inhibit the development of food spoilage pathogenic bacteria i.e., both gram positive and negative bacteria including E. coli and S. aureus (Alshuniaber et al., 2021; Pina-Pérez et al., 2017). Another researcher reported S. platensis peptides which hold 18 amino acids showed antibacterial roles over E. coli and S. aureus with  minimum inhibitory concentration of 8 and 16 mg/ml respectively (Sun et al., 2016). 	Comment by Beyza Ulusoy: Big or little
[bookmark: _Hlk90501153]From the ANN model analysis, the activity of all the three S. platensis extracted concentrates EA, EB and EC antimicrobial role over TC bacteria reduction prediction had analyzed and simulated at the specified time of 1, 24 and 48hs sequence with an overall average ANN modeling of the Spirulina extracts activity on TC was 1.36, 0.99, 0.44 log10 CFU/g using EA, and 0.96, 0.58, 0.32 log10 CFU/g using EB and 0.74, 0.38, 0.16 log10 CFU/g using EC respectively, please look the details ANN model prediction analysis both at the training (calibration) and testing (validation) stages of the S. platensis extracts antimicrobial role on TC on Table 6. Together with the above the ANN model regression analysis for all the extracts’ role over TC, bacteria had R=0.9682 at the training stage and R= 0.77612 at the testing stage with validation of 0.95467 in EA, as indicated on Fig. 12, with the best validation of the ANN model prediction regarding the Spirulina platensis extract antimicrobial role of EA over TC bacteria was attained at 0.062279 at epoch 4, please look Fig. 13 above. Whereas Fig. 14 presented the error histogram of ANN model with 20 bins of error histogram and all the results were below 0 in all the training, validation and testing stage of the Spirulina platensis EA activity over TC. Although the ANN model regression analysis of EB over TC bacteria as shown above in Fig. 15, it had R=0.90575 at the training stage with validation of R=0.95006 and testing stage R= 0.91582, with the best validation of the ANN model prediction regarding the S. platensis extract EB over TC bacteria antimicrobial role were attained at 0.019780 at epoch 9, please look Fig. 16. While ANN model presented errors of the model in the analysis of S. phenolic extract EB antimicrobial activity over TC was 0.007385 in all the training, validation and testing stage, please look Fig. 17. Whereas, the ANN model regression analysis showed that S. platensis extract EC over TC bacteria had R=0.95817 in the training stage and R= 0.91795 at the validation stage, together with the model at the testing stage gives R=0.94829, please look Fig. 18 above. The best validation of the ANN model prediction regarding the S. platensis extract EC over TC bacteria antimicrobial role were attained at 0.0017428 at epoch 2, as you see on Fig. 19 above. In line with this the ANN model prediction of errors of the model in the analysis of S. phenolic extract EC antimicrobial activity over TC (E. coli) had error of 0.009567 in all the training, validation and testing, please look Fig. 20 and please look Table 19 on MSE and RMSE of ANN model predictions at the specified time and extracts. Supportive study also indicate that ANN model can help us in the forecast of novel compounds that have antimicrobial action on E. coli (Badura et al., 2020). In another experimental study ANN model is also used in the prediction of total coliform bacteria in foods based on image identification technology and this were positively correlated to the experimental TC bacteria amount attained by traditional multiple-tube fermentation technique (Yin & Ding, 2009). Another study presented artificial neural networks successfully applied in the search of novel ingredients and compounds that have antimicrobial role on the pathogenic E. coli (Badura et al., 2020). On the other hand, the ANFIS model forecasted the antimicrobial role of S. platensis extracts (EA, EB and EC) over TC at 1, 24 and 48hs with mean antimicrobial role of like by using EA it modeled 0.42, 0.39, 0.33 log10 CFU/g respectively and EB had 0.35, 0.32, 0.32 log10 CFU/g respectively whereas by using EC it produced the antimicrobial role with 0.42, 0.24 and 0.18 log10 CFU/g respectively, please look Table 7 and the supporting figures,  Fig. 21 – 25 for the detail analysis of the S. platensis extracted antimicrobial activity on TC reduction. This was also supported by the ANFIS model regression analysis on S. platensis extracts antimicrobial activity on TC in the different time duration (1, 24 and 48hs) like for example EA exhibited R=0.9384, 0.9151, 0.7613 respectively and EB with R=0.9873,0.9950, 0.9276 respectively whereas EC showed better and good result as compare with others with R=0.9795, 0.9568 and 0.9935 respectively, please look Fig. 21 – 25. And also, please look Table 20 on MSE and RMSE of ANFIS model predictions of the S. platensis antimicrobial activity over TC. In another study ANFIS gives superior result for total coliform, E. coli, Intestinal enterococci and Clostridium perfringens prediction in non-treated water (Mohammed et al., 2018). 
[bookmark: _Hlk88203792]The S. platensis extracts, EA, EB and EC antimicrobial role on total mesophilic aerobic bacteria (TMAB) were different based on the concentration of the extracts like using EA the reduction was from 2.5 log10 CFU/g during the control stage to 1.8, 1.1 and 0.7 log10 CFU/g at 1, 24 and 48hs respectively whereas using EB it reduces from 2.1 log10 CFU/g to 1.5, 0.8 and 0.5 log10 CFU/g at 1, 24 and 48hs respectively. Although EC presented the reduction from 2.2 log10 CFU/g at control time to 1.23, 0.6 and 0.32 log10 CFU/g at the specified hour interval respectively, please look the details at Table 7. In the one-way ANOVA analysis of the Spirulina extracts antimicrobial activity on TMAB was F value of 77.05; P-value: 7.33E-37 around to 0.00 and F critical: 2.64.  As the F-statistic is greater than F-critical value then the test is significant. And P < 0.05 then we reject the null hypothesis and we accept the alternat hypothesis i.e., Spirulina platensis extracts had antimicrobial activity role over spoilage microorganisms of fresh fish fillets; which is the Spirulina extracts had significant antimicrobial activity as compare to the control over TMAB. The S. platensis extracts antimicrobial activity over the TMAB was also supported by the line-graph, bar-graph and radar chart as shown in Fig. 26 – 28, EC had better antimicrobial role than EB and EA on TMAB control and inhibition.  Another researcher reported TMAB from tilapia fish which is monitored by a single optical gas sensor and presented the total mesophilic aerobic bacteria counts reached the limit above 6 – 7 log10 CFU/g the researcher recommended that the fish will be  inappropriate for human consumption  (Semeano et al., 2018). Another study which is conducted on the physico-chemical and microbiological changes in the fillet and unfillet red tilapia preserved in ice showed, the unfillet fish bacterial load at the third and sixth day of storage with TMAB load of 7.33 ± 1.07 log10 CFU/g and 7.14 ± 1.60 log10 CFU/g respectively, which indicate ice also control the development of TMAB (Ruíz-osorio et al., 2015). The ANN model simulated the activity of all the three S. platensis extracted EA, EB and EC antimicrobial activity on TMAB were analyzed and simulated at the specified time of 1, 24 and 48hs. Together with this the overall average ANN modeling of the Spirulina extracts antimicrobial activity on TMAB was 1.71, 1.13, 0.71 log10 CFU/g using EA, and 1.68, 0.91, 0.52 log10 CFU/g using EB and 1.23, 0.55, 0.3 log10 CFU/g using EC respectively, please look the details model analysis on Table 8 above. This is also supported by the regression analysis of the three extracts at training, validation and testing stages of the ANN model, like EA with R=0.9228, 0.8408, 0.9419 respectively as displayed in Fig. 29 with best validation performance of 0.12634 at epoch 8 please look Fig. 30 with error of the model 0.04236, as attached in Fig. 31. While EB over TMAB had good correlation with R= 0.90974 at the training stage, R=0.8904 at validation stage, and R=0.9244 at testing stage, please look Fig. 35, with best validation performance of 0.073487 at epoch 5 in Fig. 33 and neural network error of 0.04236, please look Fig. 34 and Table 19 on MSE and RMSE of ANN model simulations on S. platensis extracts antimicrobial activity over TMAB Whereas EC also had a good correlation in the training stage with R= 0.8712 at the training stage, R=0.9409 at validation stage, and R=0.9586 at testing stage, Fig. 35 showed that this details, with best validation performance of 0.2977 at epoch 5 in Fig. 36 and neural network error of 0.3157 with bins 20, please look Fig. 37. Also, the ANFIS model anticipated the antimicrobial role of S. platensis extracts (EA, EB and EC) activity over TMAB was 1.78, 1.20, 0.74 log10 CFU/g using EA, and 1.55, 0.83, 0.51 log10 CFU/g using EB and 1.40, 0.66, 0.39 log10 CFU/g using EC at 1, 24 and 48hs respectively, please look Table 9 on the detail’s simulation at the training and testing stages.  Supporting results are also produced by the regression analysis and radar chart indicted in Fig. 38 – 41. ANFIS model MSE and RMSE on the modeling was indicated on Table 20 so please look it. Another study also supports this finding with both models i.e., ANN and ANFIS produced best predictions with the experimental findings (Yolmeh et al., 2014). Whereas the S. platensis extracts, EA, EB and EC mean antimicrobial activity against TPAB had reduction was from 2.8 log10 CFU/g at control time to 2.1, 1.5 and 0.9 in EA whereas using EB reduces from 2.8 log10 CFU/g to 1.9, 1.3 and 0.8 log10 CFU/g at 1, 24 and 48hs respectively. Although EC presented the reduction from 1.9 log10 CFU/g to 1.4, 1 and 0.5 log10 CFU/g at the specified hour interval respectively, please look the details at Table 10. In the one-way ANOVA analysis of the Spirulina extracts antimicrobial activity had F-value: 52.90, P-value: 2.09E-27 which is around 0 and F-critical 2.65.  As the F-statistic is greater than F-critical value then the test is significant. And P < 0.05 then we reject the null hypothesis and we accept the alternat hypothesis i.e., S. platensis extracts had significant antimicrobial activity role over spoilage TPAB of fresh fish fillets. And the S. platensis extract showed good antimicrobial result over the TPAB, EC had superior antimicrobial role than EB and EA over TPAB as presented in Fig. 42 – 44 all the line-graph, bar-graph and radar chart were supported this analysis.  In other study the Spirulina algae extract phenolic compound controls gram positive and negative bacteria (Alshuniaber et al., 2021; Özogul et al., 2020). 
The ANN modeling of the Spirulina extracts antimicrobial activity over TPAB was 2.27, 1.72, 0.95 log10 CFU/g using EA, and 2.03, 1.45, 0.86 log10 CFU/g using EB and 1.64, 1.20, 0.58 log10 CFU/g using EC at 1, 24 and 48hs respectively, please look the details model prediction on Table 11. This is also supported by the regression analysis of the three extracts at training, validation and testing stage with EA of R=0.9359, 0.8962, 0.9141 respectively as displayed in Fig. 45 with best validation performance of 0.30662 at epoch 2 please look Fig. 46 with error of the model 0.03002, as attached below in Fig. 47. While EB over TPAB had a correlation of R= 0.8866, 0.9248, 0.9579 at the training, validation and testing stages respectively, please look Fig. 48, with best validation performance of 0.2133 at epoch 3 in Fig. 49 and neural network error of 0.0341 at Fig. 50. Although EC performs best result and good correlation in the training, validation and testing stages with R= 0.9604, 0.9535 and 0.9763 respectively, please look Fig. 51, with best validation performance of 0.04479 at epoch 4 in Fig. 52 and neural network error of 0.0099 at Fig. 53. Whereas MSE and RMSE was detailed at Table 19 and 20 so please look. In another study of the garlic extract concentrations against pathogenic food microbes including TPAB successfully modeled using ANN and polynomial surface fitting   models (Külcü & Kalkan, 2019). Also, the ANFIS model projected the antimicrobial role of S. platensis extracts (EA, EB and EC) over TPAB with an overall average modeling of 2.53, 1.85, 1.02 log10 CFU/g by EA, and 1.90, 1.36, 0.76 log10 CFU/g using EB and 1.71, 1.20, 0.60 log10 CFU/g using EC at 1, 24 and 48hs respectively, please look Table 12 for the details.  Supporting results are also produced by the regression analysis and radar chart below indicted in Fig. 54 – 56. Another supportive study was reported by Yolmeh et al., (Yolmeh et al., 2014). In another bacterial antimicrobial activity on Staphylococci, the S. platensis extracts; EA, EB and EC mean antimicrobial activity had from 0.57 log10 CFU/g during the control time to 0.44, 0.3 and 0.13 log10 CFU/g by using EA whereas EB performed the reduction from 0.71 log10 CFU/g at control time to 0.26, 0.1 to 0.13 log10 CFU/g at 1H, 24H and 48H respectively. whereas, EC antimicrobial activity was a reduction from 0.75 log10 CFU/g of control stage to 0.12, 0.07 to 0.04 log10 CFU/g at the specified hour interval respectively. In the one-way ANOVA analysis of the Spirulina extracts antimicrobial activity, F-statistic: 41.2, P-value: 2.81429E-22 which is around 0 and F-critical 2.64.  As the F-statistic is greater than F-critical value then the test is significant. And P < 0.05 then we reject the null hypothesis and we accept the alternat hypothesis i.e., Spirulina extracts had antimicrobial activity role over spoilage staph of fresh fish fillets, please look the details at Table 13. This was also supported by line-graph, bar-graph and radar chart presented in Fig. 57 – 59. Supportive study were reported that 1% v/w microalgae concentration extracts (Spirulina platensis and Chlorella vulgaris) controls bacterial growth and extends the shelf life of the vacuum packed and chilled stored sardine for three days and Spirulina platensis showed superior antibacterial role than Chlorella vulgaris (Özogul et al., 2020). Whereas in another trail the minimum inhibiter concentration of Spirulina antimicrobial concentration was 8 and 16 mg/ml for E. coli and S. aureus bacteria respectively and the extract compound was non-toxic (Sun et al., 2016).
The ANN modeled the Spirulina extracts, EA, EB and EC antimicrobial activity over staphylococci at 1, 24 and 48hs was 0.49, 0.32, 0.16 log10 CFU/g respectively by EA, and whereas using EB it had 0.29, 0.17, 0.10 log10 CFU/g respectively and 0.01, 0.002, 0.001 log10 CFU/g by EC respectively, please look the details model prediction on Table 14 above. This is also supported by the regression analysis of the three extracts at training, validation and testing stage, EA with R=0.9532, 0.9695, 0.9163 respectively as displayed in Fig. 60 with best validation performance of 0.006424 at epoch 7 please look Fig. 61 with error of the model 0.01272, as attached below in Fig. 62. Although EB over SA had a correlation of R= 0.9534 at the training stage, R=0.8879 at validation stage, and R=0.9458 at testing stage, please look Fig. 63, with best validation performance of 0.0083 at epoch 14 in Fig. 64 and neural network error of 0.0022, please look Fig. 65. While EC performs best correlation result in the training, validation and testing stage with R= 0.9209, 0.9512 and 0.9156 respectively, please look Fig. 66, with best validation performance of 0.0009 at epoch 3 in Fig. 67 and neural network error of -0.0084, please look Fig. 68. And also, MSE and RMSE of the models were detailed on Table 19 and 20 so please look it. In another study the role of PH, ethanol and salt concentration on one of publicly important biofilm forming pathogen, S. aureus was modeled using ANN model at 24 and 48-hours incubation time of 37 OC. And based on the researcher finding the peak biofilm was recorded during neutral stage and adding of ethanol and salt encouraged the biofilm, however, the antimicrobial effect was achieved at high concentration of ethanol and salt i.e., in acidic and basic condition (Saleheh et al., 2020).  In another study the ANN model predicted the seafood storage time using color standards (Genc, 2021). Supportive study also indicated that ANN model can effectively predict the role of natural extracts from Zataria multiflora flower antimicrobial role on S. aureus (Raoufy et al., 2010).  While ANFIS model simulated with an overall average modeling of the Spirulina extracts antimicrobial activity over staph was 0.43, 0.30, 0.12 log10 CFU/g by EA, and 0.31, 0.16, 0.09 log10 CFU/g with EB and 0.36, 0.18, 0.07 log10 CFU/g by using EC at 1, 24 and 48hs respectively, please look Table 15.  Supporting results are also produced by the regression analysis and radar chart indicted in Fig. 69 – 71. Another study also indicated that ANFIS model effectively predict the control of S. aureus using the novel ultrasound techniques inactivation method in one of the critical food spoilage microorganisms and an amplitude of 37.5μm was reported with R=0.979 (Soleimanzadeh et al., 2018). Supportive study also reported from Turkey that 10% concentration of Gamay grape powder successfully eliminate S. aureus at the end of the 5th day and ANFIS model presented superior result than ANN and MLR (Sagdic et al., 2012).
Although, in this study the S. platensis extracts; EA, EB and EC antimicrobial activity against yeast and molds (YM) meanly had 1.7 log10 CFU/g during the control time to 1.2, 1.2 and 0.4 log10 CFU/g by EA whereas using EB performed from 1.6 log10 CFU/g during the control stage to 1.1, 0.5 to 0.3 log10 CFU/g at 1, 24 and 48hs respectively. Together with this, EC antimicrobial activity on YM had a reduction from 2 log10 CFU/g at the control stages to 1.1, 0.5 to 0.2 log10 CFU/g at the specified hour interval respectively, In the one-way ANOVA analysis of the Spirulina extracts antimicrobial activity over YM had F-statistic: 195.39, P-value: 7.24784E-70 which is around 0.00 and F-critical 2.64.  As the F-statistic is greater than F-critical value then the test is significant. And P < 0.05 then we reject the null hypothesis and we accept the alternat hypothesis i.e., this implies that the three Spirulina extracts had significant antimicrobial activity over YM, please look the details at Table 16. This was also supported by line, bar and radar chart graphs presented in Fig. 72 – 74.  In another study the Spirulina algae extract using methanol, acetone and hexane and selenium nano-particles developed by Bacillus subtilis experiment exhibited that, Spirulina methanol extract produced high total phenolic compound amount with good antimicrobial and antioxidant role than other extracts. And its antibacterial were on three each gram positive and negative bacteria and antifungal activity on three fungal species from both Candida and Aspergillus species  (Abdel-moneim et al., 2021). Whereas another study showed phenolic compounds from fermented race bran and Spirulina species LEB-18 inhibited fungal growth by 39.8 % and 20.2 % respectively, and ochratoxin A by 40.2% and 29% respectively (Christ-Ribeiro et al., 2019). The ANN model analyzed the activity of S. platensis extracts EA, EB and EC antimicrobial activity in counter to YM reduction was evaluated at the specified time of 1, 24 and 48hs. had a reduction of 1.21, 0.72, 0.37 log10 CFU/g respectively with EA, whereas by means of EB the reduction was 1.23, 0.70, 0.38 log10 CFU/g respectively and by EC it had 1, 0.51, 0.27 log CFU/g respectively, please look the details model prediction on Table 17. This is also supported by the regression analysis of the three extracts at training, validation and testing stage, EA with R=0.9706, 0.9110, 0.7758 respectively as displayed in Fig. 75 with best validation performance of 0.070328 at epoch 8 please look Fig. 76 with error of the model 0.01308, as attached in Fig. 77. Although EB antimicrobial role over YM had a correlation at the training, validation and testing stages of R=0.8155, 0.9454 and 0.7882 respectively, please look Fig. 78, with best validation performance of 0.023874 at epoch 11 in Fig. 79 and neural network error of -0.02409 in Fig. 80. While EC performs relatively good correlation result as compare with EB and EA extracts activity in the training, validation and testing stages of R= 0.9489, 0.8775 and 0.9287 respectively, please look Fig. 81, with best validation performance of 0.02438 at epoch 2 in Fig. 82 and neural network error of -0.01045, please look Fig. 83. While ANFIS model simulated with an overall average modeling of the Spirulina extracts antimicrobial activity on YM with 1.19, 0.69, 0.40 log10 CFU/g by EA, and 1.17, 0.62, 0.39 log10 CFU/g with EB and 0.99, 0.49, 0.27 log10 CFU/g by EC at 1, 24 and 48hs respectively, please look Table 18, for the details.  Supporting results are also produced by the regression analysis and radar chart indicted in Fig. 84 – 86. Also, the models MSE and RMSE were detailed on Table 19 and 20 so please look it. In critical reviews in food science and nutrition,  ANN together with infrared spectroscopy technology were used in food quality and safety including publicly important pathogenic food microorganism like pathogenic fungi control, certification and trackability (Liang et al., 2020). Another study provided that ANFIS models presented superior result as compare with other models like ANN (Mohannad et al., 2016). 

CHAPTER VI
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Generally, the study showed that the Spirulina platensis extracts EA, EB and EC had good active antimicrobial activity efficiency (count reduction) on the all the targeted fresh fish fillet microorganisms; TC, TMAB, TPAB, SA and YM. This were supported by the detail analysis of the descriptive statistics, ANN and ANFIS model. Additionally, in all the experimental activity there were significant difference between the initial bacterial load (the control) and treatments. So, a conclusion largely we draw the following points; 
· The Spirulina EA antimicrobial activity on TC had a meanly reduction of from 1.5 log10 CFU/g at the control time to 1.2, 0.9 and 0.4 log10 CFU/g at 1, 24 and 48Hs respectively. While EB presented its control on TC from 1.3 log10 CFU/g at the control bacterial load to 0.8, 0.5 and 0.3 log10 CFU/g. And EC displayed its antimicrobial role on TC had 1.4 log10 CFU/g to 0.8, 0.3 and 0.1 log10 CFU/g at 1, 24 and 48hs respectively. 
· ANN modeled the Spirulina extracts antimicrobial activity on TC at 1, 24 and 48hs was 1.36, 0.99, 0.44 log10 CFU/g using EA, and 0.96, 0.58, 0.32 log10 CFU/g with EB and 0.74, 0.38, 0.16 log10 CFU/g by using EC respectively. Together with this EC responds superior antimicrobial performance over TC during 1, 24 and 48hs as compare to EA and EB. With R=0.95817, 0.91795 and 0.94829 at the training, testing and validation stage respectively. On the other hand, the ANFIS model simulated the antimicrobial role of S. platensis extracts antimicrobial activity of EA, EB and EC over TC at 1H, 24H and 48H were 0.42, 0.39, 0.33 log10 CFU/g respectively using EA and EB had 0.35, 0.32, 0.32 log10 CFU/g respectively whereas EC produced 0.42, 0.24 and 0.18 log CFU/g respectively. 
· Although, the S. platensis extracts EA, EB and EC antimicrobial role on TMAB was averagely reduced from 2.5 log10 CFU/g at the control stage to 1.8, 1.1, 0.7 with EA whereas by using EB it reduces from 2.1 log10 CFU/g to 1.5, 0.8 and 0.5 log10 CFU/g at 1, 24 and 48hs respectively. Although EC gives the reduction from 2.2 log10 CFU/g to 1.23, 0.6 and 0.32 log10 CFU/g at the specified hour interval respectively, EC had superior antimicrobial activity than EB and EA., on TMAB.  
· The ANN model simulated the activity of all the three S. platensis extracts EA, EB and EC antimicrobial activity on TMAB were analyzed and simulated at the specified time of 1, 24 and 48hs. Together with this the ANN modeled using EA had 1.71, 1.13, 0.71 and EB with 1.68, 0.91 and 0.52 log10 CFU/g respectively. Whereas EC responds superior result than EA and EB and EC displayed 1.23, 0.55, 0.3 log10 CFU/g respectively. This is also supported by the regression analysis of the three extracts at training, validation and testing stage, EA had R=0.9228, 0.8408, 0.9419 respectively. While EB over TMAB had good correlation with R= 0.90974, 0.8904 and 0.9244 at the training, validation and testing stage respectively. Whereas EC had a correlation of R= 0.8712, 0.9409 and 0.9586 at training, validation and testing stage respectively. Also, the ANFIS model estimated the antimicrobial role of S. platensis extracts (EA, EB and EC) over TMAB with an average bacterial load reduction of 1.78, 1.20, 0.74 log10 CFU/g using EA at 1, 24 and 48hs respectively. And EB had 1.55, 0.83 and 0.51 log10 CFU/g respectively. Although, EC gives 1.40, 0.66, 0.39 log10 CFU/g at 1, 24, 48Hs respectively. This were supported with strong regressions, R=0.9002, 0.9433, 0.9565 at EA, R=0.9327, 0.9404, 0.9835 at EB and EC had R=0.9815, 0.9581 and 0.9761 at 1, 24 and 48hs respectively. 
· Whereas the S. platensis extracts EA, EB and EC antimicrobial activity activated against TPAB averagely from 2.8 log10 CFU/g during the control stage to 2.1, 1.5 and 0.9 using EA, whereas by using EB it reduces from 2.8 log10 CFU/g in control stage to 1.9, 1.3 to 0.8 log10 CFU/g at 1, 24 and 48hs respectively. Although EC offered the reduction from 1.9 log10 CFU/g to 1.4, 1 and 0.5 log10 CFU/g at the specified hour interval respectively.
· The ANN modeled the antimicrobial activity of all the three S. platensis extracts EA, EB and EC on TPAB were analyzed at the specified time of 1, 24 and 48hs. And the ANN output meanly 2.27, 1.72, 0.95 with EA and similarly with EB, it had 2.03, 1.45 and 0.86 log10 CFU/g respectively. Whereas EC responds good result as compare to EA and EB with 1.64, 1.20, 0.58 log10 CFU/g at 1, 24 and 48hs respectively. This is also supported by the regression analysis of the three extracts at training, validation and testing stage, EA with R=0.9359, 0.8962, 0.9141 respectively. While EB over TPAB had a correlation of R= 0.8866, 0.9248 and 0.9579 at the training, validation and testing stages respectively. Although EC performs best result and good correlation in the modeling of the Spirulina extracts antimicrobial activity on TPAB with R= 0.9604, 0.9535 and 0.9763 at the training, validation and testing stage respectively. Also, the ANFIS model projected the antimicrobial role of S. platensis extracts (EA, EB and EC) over TPAB with an average bacterial load reduction at 1, 24 and 48Hs with EA; 2.53, 1.85, 1.02 log10 CFU/g respectively. Although, EB gives 1.90, 1.36, 0.76 log10 CFU/g respectively. While, EC produces 1.71, 1.20, 0.60 log10 CFU/g at 1, 24 and 48hs respectively. This were supported by strong regression with R=0.9106, 0.909, 0.9238 in EA, and EB correlated with R=0.9665, 0.9408 and 0.935 while EC had 0.9986, 0.9945 and 1. So, EC were superior than others and EB also was better than EA. 
· The S. platensis extracts; EA, EB and EC antimicrobial activity on SA averagely rolled its activity from 0.57 log10 CFU/g during the control time to 0.44, 0.3 and 0.13 log10 CFU/g with EA whereas EB performed from 0.71 log10 CFU/g to 0.26, 0.1 to 0.13 log10 CFU/g at 1, 24 and 48hs respectively. While, EC had an antimicrobial activity on SA from 0.75 log10 CFU/g to 0.12, 0.07 and 0.04 log10 CFU/g respectively at the specified time interval. The ANN modeled the S. platensis extracts antimicrobial role over SA at 1, 24 and 48hs was 0.49, 0.32, 0.16 log10 CFU/g by EA respectively whereas using EB it had 0.29, 0.17, 0.10 log10 CFU/g and EC performed 0.01, 0.002, 0.001 log10 CFU/g at 1, 24 and 48hs respectively. This is also supported by the regression analysis of the three extracts at training, validation and testing stage, EA with R=0.9532, 0.9695, 0.9163 respectively. Although EB had R= 0.9534, 0.8879 and 0.9458 at training, validation and testing stages, while EC performs best correlation result in the training, validation and testing stage with R= 0.9209, 0.9512 and 0.9156 respectively. Likewise, ANFIS model simulated with an overall average modeling of the Spirulina extracts antimicrobial activity on S. auras was 0.43, 0.30, 0.12 log10 CFU/g by EA, and 0.31, 0.16, 0.09 log10 CFU/g with EB and 0.36, 0.18, 0.07 log10 CFU/g by EC at 1, 24 and 48hs respectively. Also, the ANFIS model had a regression of 0.9167, 0.9258, 0.9093 at EA, and R=0.9591, 0.9158, 0.9116 at EB, while EC had R= 0.9893, 0.9763 and 0.9711 at 1, 24 and 48Hs respectively. The S. platensis extracts; EA, EB and EC mean antimicrobial activity against YM had 1.7 log10 CFU/g during the control time to 1.2, 1.2 and 0.4 log10 CFU/g with EA, whereas using EB it had 1.6 log10 CFU/g of the control bacterial load to 1.1, 0.5 to 0.3 log10 CFU/g at 1, 24 and 48Hs respectively. Together with this, EC activity on YM had better reduction from 2 log10 CFU/g to 1.1, 0.5 to 0.2 log10 CFU/g at the specified hour interval respectively. 
· The ANN modeled the S. platensis extracts, EA, EB and EC antimicrobial activity at 1, 24 and 48hs over YM had a reduction of 1.21, 0.72, 0.37 log10 CFU/g respectively by EA, whereas with EB had antimicrobial role of 1.23, 0.70, 0.38 log10 CFU/g respectively and by EC it had 1, 0.51, 0.27 log10 CFU/g respectively. The ANN model predicted the antimicrobial activity of EA with R=0.9706, 0.9110, 0.7758 during the training, validation and testing stages respectively. Although EB over YM had R= 0.8155, 0.9454 and 0.7882 and EC performs R= 0.9489, 0.8775 and 0.9287 in the training, validation and testing stages respectively. While the ANFIS model analyzed with an overall average modeling of the S. platensis extracts antimicrobial activity on YM with 1.19, 0.69, 0.40 log10 CFU/g by EA, and 1.17, 0.62, 0.39 log10 CFU/g with EB and 0.99, 0.49, 0.27 log10 CFU/g by EC at 1, 24 and 48Hs respectively. This were supported by R=0.9165, 0.8965, 0.9294 at EA and EB had R=0.9223, 0.9294 and 0.9513 whereas EC had R=0.9393, 0.9490 and 0.9177. 
· Overall, S. platensis extract EC gives superior result than EB and EA. As well as EB also were better than EA in this study. So, when the concentration of the Spirulina increases from 0.5 to 1 and 5 % w/v concentration then its antimicrobial activity also increased and had better on the control on the fresh fish fillets spoilage microorganisms.
· Both the ANN and ANFIS models give good prediction result on the role of S. platensis extracts with different concentration (0.5, 1 and 5 % w/v) antimicrobial activity on TC, TMAB, TPAB, SA and YM. 
· Hence, spirulina algae could be an emerged sustainable natural bioactive compound technology sourced from food to another seafood, fish filles preservatives for future use. 
· As a recommendation other researcher better to focus on S, platensis bio-active compounds analysis and their role as a control of different food spoilages microorganisms in a different food matrix like in poultry, raw meat and milk should be done. Also, the mechanism of antimicrobial activity of Spirulina and its chemical compounds which are responsible for the activity. Also, the most efficient method of Spirulina bioactive compound extraction method should be a focus area. The wild Spirulina stock conditions in different countries including Ethiopia, Turkish republic of North Cyprus and Turkey should be investigated. Together with this any side effect of the wild Spirulina food safety condition like heavy metal and other contaminants situation for direct use of consumption and for another biotechnological application of the algae should be studied and recommended as a focus area in the future research.
· Both the ANN and ANFIS models give good prediction result as obtained in this study and concluded that AI based methods can be useful tools in food safety studies.
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	Name 
	Wubshet Asnake 
	Surname 
	Metekia 

	Place Of Birth 
	Degollo, South Wollo 
	Date Of Birth
	April 27, 1985

	Nationality
	Ethiopia
	E-Mail
	Wublivelygib@Gmail.Com

	Address-Mobile
	+251921034094
	                
	Wub2020@Yahoo.Com 



	Education
	Names Of Educational Institutions 
	Graduation Year

	Awarded 

	Food Hygiene and Technology
	Near East University, Nicosia, Turkish Republic of North Cyprus
	2022
	Ph.D. 

	Fisheries And Wetlands Management
	Bahir Dar University, Bahir Dar, Ethiopia
	2010
	M.Sc.

	Animal And Range Sciences
	Debub University, Now Hawassa University, Awassa Collage of Agriculture, Ethiopia 
	2006
	B.Sc. 

	High School 
	Hottie Secondary School, Dessie, Ethiopia
	2003
	Certificate 






	Computer Science

	Dessie Professional Engineering House Plc. Dessie, Ethiopia
	2007
	Diploma

	Freshwater Aquaculture 
	Chinese Freshwater Fisheries Research Center, Wuxi China
	2016
	Certificate

	Conducting Systematic Reviews

	Cochrane Interactive Learning 
	2020
	Certificate

	International Association for Food Protection
	Des Moines, Iowa 50322-3855 USA
	2021
	Certificate

	MATLAB Software, Artificial Intelligence-Based Models 

	Ethio Computer Training Center, Addis Ababa, Ethiopia.
	2021
	Certificate



	Language 
	Listening 
	Speaking 
	Writing 
	Reading 

	Amharic 
	Native 
	Native 
	Native 
	Native 

	English 
	Excellent 
	Excellent 
	Excellent 
	Excellent 

	Turkish 
	Fairly 
	Fairly 
	Fairly 
	Fairly 

	French 
	Fairly 
	Fairly 
	Fairly 
	Fairly 





Annex 2. Hue angles of chart for S. platensis extract evaluation S. platensis extract evaluation
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Please look the details on the Hu angles appraisal (Kara J. et al., 2021).












Annex 3. Plagriasim Report 
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EA	SA-C	SA-1H	SA-24H	SA-48H	0.57319999999999982	0.44040000000000007	0.28439999999999993	0.12920000000000001	EB	SA-C	SA-1H	SA-24H	SA-48H	0.71200000000000019	0.26079999999999998	0.126	7.0000000000000007E-2	EC	SA-C	SA-1H	SA-24H	SA-48H	0.74880000000000013	0.12240000000000001	6.8400000000000002E-2	3.6000000000000011E-2	SA reduction in log10 hour intervals 


Spirulina Extracts (w/v) 




EA	SA-C	SA-1H	SA-24H	SA-48H	0.57319999999999982	0.44040000000000007	0.28439999999999993	0.12920000000000001	EB	SA-C	SA-1H	SA-24H	SA-48H	0.71200000000000019	0.26079999999999998	0.126	7.0000000000000007E-2	EC	SA-C	SA-1H	SA-24H	SA-48H	0.74880000000000013	0.12240000000000001	6.8400000000000002E-2	3.6000000000000011E-2	




0.09	0.08	0.17	0.1	0.02	0.41	0.09	0.02	0.42	0.05	0.01	0.17	1	1.21	0.78	0.52	0.86	0.95	0.59	0.56999999999999995	0.42	0.32	0.72	0.62	0.82	3.1881501804937998E-2	7.5452808500389004E-2	0.17060842918741101	0.12803061884389999	5.1840747770016002E-2	0.28775077182641501	0.110015485152579	8.7798574318349407E-2	0.31683597512962802	0.12898496529108	6.5581663484119895E-2	0.17158913498143699	0.94801056703321196	1.08711129926175	0.92759951099518001	0.32774121132802803	0.69249974125695102	0.92755695357826395	0.43250542336915898	0.65876875848022398	0.26357865311955497	0.23887356799111001	0.463074416835554	0.45301779448172103	0.86045394093483796	Expermental - SA-EA-1H


Symulated - SA-EA-1H




0.03	0.05	0.14000000000000001	0.01	7.0000000000000007E-2	0.23	0.01	0.01	0.18	0.01	0.01	0.1	0.74	0.87	0.51	0.35	0.67	0.62	0.35	0.32	0.31	0.22	0.42	0.31	0.56999999999999995	5.1888888028124899E-2	2.1812651077363999E-2	0.23612753736333	2.7127024069846999E-2	8.4963749226997995E-2	0.163390367411818	6.1603282183740997E-2	4.88798965302314E-2	0.180416713996356	7.2095863484567396E-2	3.6156510876721802E-2	0.101395095494588	0.69497123721791898	0.82283097854598997	0.60999855644682699	0.29246158813599998	0.48122540036912598	0.60525377094220201	0.24623180695737501	0.378574670354757	0.35759948133086999	0.135398918974097	0.28261750608025099	0.27934928876368897	0.60908150333193101	Expermental-SA-EA-24H


Symulated-SA-EA-24h



y = 0.7826x + 0.0135
R² = 0.9093

0	0	0	0	0	0.17	0.01	0.01	0.13	0.01	0.01	0.05	0.41	0.51	0.27	0.15	0.11	7.0000000000000007E-2	0.23	0.15	0.1	0.12	0.28999999999999998	0.19	0.24	2.8959100096213101E-2	7.5188613719194301E-3	9.0916727917216694E-2	8.2207711460910004E-3	1.6750803877316998E-2	8.3218156070937604E-2	2.58469307191064E-2	1.8675899986778498E-2	0.10186900857697	3.4878936920387002E-2	1.15074738729783E-2	5.1247520656769699E-2	0.35859822314996898	0.40542903758751703	0.30914460349980899	9.6127411796430695E-2	0.141202370586999	2.4772194618868398E-2	0.12749583538888101	0.144657416382622	8.95036625224407E-2	6.7440541046056401E-2	0.24571073674339	0.14349092182568601	0.23137099146389001	Expermental-SA-EA-48


Symulated-SA-EA-48H




0.05	0.21	0.13	0.12	0.19	0.21	0.04	0.26	0.24	0.51	0.13	0.1	0.03	0.03	0.06	0.51	0.25	0.24	0.15	0.32	0.55000000000000004	0.56000000000000005	0.42	0.73	0.48	0.128551368017018	0.15534650600115599	0.16755043555319199	0.119999879994243	0.128551368017018	0.22567850233542699	0.11417240597684999	0.29958574298483998	0.21064023618349401	0.44386996415755098	6.7969115930389595E-2	5.2224323061792401E-2	5.8404968939311797E-2	4.8245271214110499E-2	4.8245271214110499E-2	0.51517208950184301	0.29958574298483998	0.219020271948979	0.13747856950315601	0.34441502947029501	0.53959917337336405	0.573506730110799	0.41534919094654599	0.72211680485601404	0.48471869718412203	Expermental-SA-EB-1H


Symulated-SA-EB-1H




0	0	0	0	0	0.12	0.02	0.18	0.17	0.33	0	0	0	0	0	0.19	0.12	0.12	0.09	0.12	0.22	0.47	0.34	0.35	0.31	0	0	0	0	0	0.12897019016426101	6.7995086178004802E-2	0.16287804047952401	0.159899914946635	0.215006851297082	1.5886395858498902E-2	1.7955787888453399E-3	1.6598950903440799E-2	2.1279640748154702E-3	2.1279640748154702E-3	0.263397971849548	0.16287804047952401	0.161439539928801	7.9398735446192095E-2	0.17805533623660599	0.263767566958302	0.47448123335435499	0.26848452531607198	0.36036291050923602	0.24151992152575899	Expermental-SA-EB-24H


Symulated-SA-EB-24H




0	0	0	0	0	7.0000000000000007E-2	0	0.13	7.0000000000000007E-2	0.17	0	0.03	0	0	0	0.02	0.03	0.02	0.06	0.1	0.13	0.25	0.25	0.25	0.17	0	0	0	0	0	7.3844451638156297E-2	3.00529837669751E-2	0.120764544024142	9.0910172212306697E-2	0.116972021543987	2.2003712602256802E-2	9.5113297979897704E-3	2.7038522038835399E-2	7.9859545354097894E-3	7.9859545354097894E-3	2.1179400848935E-2	9.0764544024142593E-2	7.0141485036929296E-2	4.9286083744392903E-2	0.10377090363795	0.14170271576360499	0.26044265359847002	0.24890779501358601	0.212548438890131	0.115663964726931	Expermental-SA-EB-48H


Symulated-SA-EB-48H




1.2	1.25	1.3	1.1200000000000001	1.1299999999999999	0.03	0.61	0.05	0.01	0.45	0.13	0.21	0.15	0.27	0.34	0.2	0.32	8.8999999999999996E-2	0.23	0.15	0.41	0.1	0.28999999999999998	0.03	0.23	1.2037118714259201	1.17481480110184	1.29999614562193	1.18816523663832	1.13244642814823	4.1122357800195998E-2	0.58528988592917397	4.7629153380684401E-2	7.7305115508768101E-3	0.42773213603313898	9.6269237736821306E-2	0.29237341022996899	0.191308388374163	0.209130082726876	0.27882438973881501	0.14308744711937799	0.34535600248979398	6.3663696437941703E-2	0.21832287629755101	0.162341855546076	0.38506923415612498	0.14742932369089801	0.27388828796501402	5.5789102194737802E-2	0.32750251177678802	Expermental-SA-EC-1H


Symulated-SA-EC-1H




0.8	0.05	0.08	1	0.7	0.01	0.51	0.03	0	0.27	0.01	0.1	0.12	0.03	0.22	0.12	0.21	0.02	0.13	0.1	0.18	0.05	0.12	0.04	0.13	0.82722119599194799	5.3461670923251998E-2	7.8280666732851695E-2	0.951445402760971	0.64498617621535204	4.84920333464001E-2	0.43208646089416403	1.51388470499928E-2	2.7390762579299399E-2	0.27940223665548197	1.5064649790703599E-2	0.19300367961442599	8.84945385101365E-2	0.10393037205326	0.159010981753678	7.7343895101861404E-2	0.21419568076884299	3.8208587136171299E-2	0.10909049456434999	8.1592637953361399E-2	0.179791530696498	7.1230883571134496E-2	0.166149507528664	1.6739698630144101E-2	0.18698766919686799	Expermental-SA-EC-24H


Symulated-SA-EA-24H




0.04	0.01	0.08	0.5	0.03	8.9999999999999993E-3	0.31	0.02	0	0.03	0.01	0.08	7.0000000000000007E-2	0.01	0.16	0.08	0.13	0.01	0.05	0.03	0.15	0.04	0.01	0.03	0.05	4.2472975792629999E-2	2.323270723076E-2	7.9999591109364096E-2	0.4330962025183	3.8878953967864498E-2	8.4994824246593E-3	0.22324810134079601	2.0540482819236001E-2	3.3180885023978798E-2	2.1940935617000001E-2	1.49226107560001E-2	8.7604702760574998E-2	7.4309547539340007E-2	1.18536596695E-2	0.18047042528570001	9.8671799974390004E-2	0.119303052113804	2.3842143004917601E-2	4.3206916950339999E-2	3.4905846446336201E-2	0.111992382019261	4.3044484331680698E-2	1.4539687717530499E-2	2.0123226405190001E-2	4.0936889000592898E-2	Expermental-SA-EC-48H


Symulated-SA-EC-48H



 EA	Y-C	Y-1H	Y-24H	Y-48H	1.7220000000000002	1.1904000000000006	1.1904000000000006	0.35640000000000005	EB	Y-C	Y-1H	Y-24H	Y-48H	1.5520000000000003	1.1396153846153845	0.5344000000000001	0.30520000000000003	EC	Y-C	Y-1H	Y-24H	Y-48H	1.9956	1.0640000000000003	0.48479999999999995	0.21479999999999999	Extracts (w/v)


Yeast and molds in log10




YM-C	 EA	EB	EC	1.7220000000000002	1.5520000000000003	1.9956	YM-1H	 EA	EB	EC	1.1904000000000006	1.1396153846153845	1.0640000000000003	YM-24H	 EA	EB	EC	1.1904000000000006	0.5344000000000001	0.48479999999999995	YM-48H	 EA	EB	EC	0.35640000000000005	0.30520000000000003	0.21479999999999999	



 EA	Y-C	Y-1H	Y-24H	Y-48H	1.7220000000000002	1.1904000000000006	1.1904000000000006	0.35640000000000005	EB	Y-C	Y-1H	Y-24H	Y-48H	1.5520000000000003	1.1396153846153845	0.5344000000000001	0.30520000000000003	EC	Y-C	Y-1H	Y-24H	Y-48H	1.9956	1.0640000000000003	0.48479999999999995	0.21479999999999999	




0	1.48	1.32	1.52	0.84	1.38	1.25	0.85	0.91	1.23	0.82	1.02	0.57999999999999996	0.97	2.42	1.6	0.95	1.85	1.08	1	1.25	1.78	0.78	1.35	1.53	0	1.4618000027190701	1.4618000027190701	1.4618000027190701	1.0397664595584999	1.49438514298356	1.13991469358082	0.78672679393358802	0.95363445923762802	1.2316536511721901	1.0040669918160401	1.03477625627916	0.54882755383595505	1.0855746825519501	2.4109963807553401	1.4252201040974199	0.881810688495134	1.46240043948124	1.0365508235013401	0.98549580336353604	1.0640873209039901	1.54754534484346	1.0040669918160401	1.3304956789443301	1.4423851616974199	Expermental- YM - EA-1H


Symulated- YM-EA-1H



y = 0.7469x + 0.1655
R² = 0.8965

0	0.09	0	0.59	0.11	0.73	0.75	0.59	0.41	0.53	0.23	0.69	0.28999999999999998	0.55000000000000004	1.68	1.45	0.51	0.78	0.95	0.85	1	0.89	1.1000000000000001	1.23	0.74	1.47E-2	0.30130000000000001	0.38340000000000002	0.34320000000000001	0.13830000000000001	0.74160000000000004	0.78159999999999996	0.49409999999999998	0.62990000000000002	0.53169999999999995	0.67100000000000004	0.58760000000000001	0.30509999999999998	0.5373	1.6869000000000001	1.3138000000000001	0.57150000000000001	0.87229999999999996	0.71020000000000005	0.91879999999999995	0.72089999999999999	0.76129999999999998	0.97099999999999997	0.9405	0.71179999999999999	Expermental- YM - EA-24H


Symulated- YM-EA-24H




0	0	0	0	0	0.02	0.13	0.09	0.27	0.57999999999999996	0.14000000000000001	0.17	0.19	0.04	0.15	0.48	0.51	0.64	0.75	0.57999999999999996	0.8	0.56999999999999995	0.72	0.53	0.27	0.26935833393122399	8.3463304163015099E-9	1.05230874205846E-5	6.0499641665100399E-5	2.6935833393122399E-2	1.9999778974391501E-2	0.12995798498317301	0.19992170293163899	0.27004534806437103	0.57691887539405695	0.139998617138478	0.17010108738544399	0.19075979505077201	4.0005085859076299E-2	0.15005873061550301	0.26935833393122399	0.51000107798944405	0.59414921543580901	0.74165192631860999	0.57997699860982999	0.79941717386028199	0.569963727642259	0.68910470980918304	0.52999926003372499	0.27982270832640299	Expermental- YM - EA-48H


Symulated- YM-EA-48H




0.34	1.08	0.64	1.02	0.79	1.1200000000000001	1.6	1.44	0.84	1.24	0.7	1.4	0.78	0.84	1.1200000000000001	2.0499999999999998	1.07	1.21	1.65	1.08	1.44	1.84	1.21	1.1499999999999999	0.98	0.21967445391721999	1.0809467487396101	0.63844844801487499	1.03462019732669	0.96744539172199995	1.11955618236747	1.5948587808871399	1.2048972459821801	0.84285382955107202	1.12196792296271	0.70149493614340996	1.4564393494354499	0.73246299593777997	0.84215759740865703	1.12334146797363	2.1967445391722	1.0754044204369699	1.21750728673649	1.4184963541681599	1.0653809744254601	1.1759586451970501	1.83528727366264	1.18155109796102	1.1486938468454699	1.1586966335626301	Expermental- YM - EA-1H


Symulated- YM-EA-1H




0	0	0	0	0	0.02	0.13	0.09	0.27	0.57999999999999996	0.14000000000000001	0.17	0.19	0.04	0.15	0.48	0.51	0.64	0.75	0.57999999999999996	0.8	0.56999999999999995	0.72	0.53	0.27	0.26935833393122399	8.3463304163015099E-9	1.05230874205846E-5	6.0499641665100399E-5	2.6935833393122399E-2	1.9999778974391501E-2	0.12995798498317301	0.19992170293163899	0.27004534806437103	0.57691887539405695	0.139998617138478	0.17010108738544399	0.19075979505077201	4.0005085859076299E-2	0.15005873061550301	0.26935833393122399	0.51000107798944405	0.59414921543580901	0.74165192631860999	0.57997699860982999	0.79941717386028199	0.569963727642259	0.68910470980918304	0.52999926003372499	0.27982270832640299	Expermental- YM - EA-24H


Symulated- YM-EA-24H




0	0	0	0	0	0.02	0.13	0.09	0.27	0.57999999999999996	0.14000000000000001	0.17	0.19	0.04	0.15	0.48	0.51	0.64	0.75	0.57999999999999996	0.8	0.56999999999999995	0.72	0.53	0.27	3.3177626999999999E-3	4.6884236064732203E-3	8.1859693166953899E-3	3.9352577794711602E-2	9.5762177627000001E-3	1.9463336740834801E-2	0.131079152497593	8.5882800175230006E-2	0.26040382092671099	0.496291631207817	0.144722693279661	0.22274430979899901	0.27491177965133001	4.1559541670743397E-2	0.15381632353505201	0.33495762177626998	0.53056273847856095	0.53996303797614498	0.74378153182700002	0.539056156477141	0.75216390007546297	0.55730095006429203	0.79766096648920004	0.52227089761924705	0.44492049073213902	Expermental- YM-EA-24H


Symulated- YM-EA-24H




1	1.23	1.63	1.64	1.32	1.22	1.1599999999999999	1.45	1.41	0.98	1.1299999999999999	1.54	1.1000000000000001	0.81	0.89	0.88	0.82	0.94	0.78	0.56999999999999995	0.72	0.71	0.75	0.94	0.98	1.1416680517605999	1.2307407980190099	1.5141668051760599	1.6396603651702699	1.31416680517606	1.22029940040947	1.1600009824514299	1.4498236415515	1.4101051596630001	1.0298834127490899	1.1295272731861301	1.53950898176178	1.1054993384194201	0.81016446318851199	0.82815560289866597	0.82847271404003398	0.77968736687714901	0.77968736687714901	0.78007897026555995	0.775052270775626	0.80548421706047602	0.71002076930749902	0.82103263089877399	0.94109431157857504	0.88351765988584796	Expermental- YM-EA-1H


Symulated- YM-EA-1H




0.76	0.54	7.0000000000000007E-2	0.57999999999999996	0.32	0.41	0.48	0.82	0.05	0.96	0.2	0.72	0.35	0.42	0.51	0.38	0.54	0.57999999999999996	0.57999999999999996	0.32	0.51	0.35	0.52	0.41	0.74	0.75080844430105298	0.54082913114541697	5.0808444301053003E-2	0.57942371914530899	0.31080844430105298	0.52524735441395998	0.48000443483314098	0.81753875059312098	5.0028400329677203E-2	0.97507320297384004	0.200517803467924	0.71999310577610398	0.43163622220072301	0.419507081813071	0.62343486581567897	0.33230335231205699	0.48536163889853701	0.48536163889853701	0.58006319233722103	0.37804036220699999	0.42147225022750301	0.34999278644338899	0.52361484884309994	0.40983028189896198	0.74821504754186696	Expermental- YM - EC-24H


Symulated- YM-EC-24H




0	0	0	0	0	0.1	0.11	0.02	0.05	0.01	0.14000000000000001	0.1	0.17	0.11	0.32	0.27	0.43	0.34	0.24	0.19	0.7	0.22	0.56999999999999995	0.86	0.42	4.03407492258765E-2	2.1457036118108601E-6	4.03407492258765E-2	3.85913814337345E-4	4.03407492258765E-2	1.8777885034109001E-2	0.109972601119619	2.5377036218217301E-2	4.9532191997402802E-2	0.13227637721345201	0.14000496206672999	0.10011257888569799	6.23964429225305E-2	0.11000693168003101	0.45491893169126002	0.27540558916254299	0.31701346346332598	0.31701346346332598	0.23999993447092099	0.32101605053177601	0.69935408492184403	0.21999966766092	0.48940253110242399	0.85999297887665305	0.30602522459097897	Expermental- YM - EC-48H


Symulated- YM-EC- 48H



EA	CC	1H	24H	48H	1.5	1.2	0.9	0.4	EB	CC	1H	24H	48H	1.3	0.8	0.5	0.3	EC	CC	1H	24H	48H	1.4	0.8	0.3	0.1	Time duration in hours


Average TC-E.coli reduction trend in log CFU/g 




Extract A	C1H	C24H	C48H	1.1932	0.86850000000000005	0.38588	Extract B	C1H	C24H	C48H	0.81040000000000001	0.50561999999999996	0.26821	Extract C	C1H	C24H	C48H	0.76680000000000004	0.33119999999999999	0.12609999999999999	Treatment duration hours 


TOtal coliform bacteria in log CFU/g 




EA	CC	1H	24H	48H	1.5	1.2	0.9	0.4	EB	CC	1H	24H	48H	1.3	0.8	0.5	0.3	EC	CC	1H	24H	48H	1.4	0.8	0.3	0.1	




7.857142857142857E-2	1.0714285714285714E-2	7.14285714285714E-3	1.7857142857142853E-2	0	0.27857142857142858	0.33214285714285713	0.21428571428571433	0.22142857142857139	0.6428571428571429	8.9285714285714288E-2	0.57142857142857151	0.17857142857142858	0.28571428571428575	0.49285714285714294	0.28571428571428575	0.20714285714285718	0.51071428571428568	0.48214285714285721	0.79999999999999993	0.28571428571428575	0.67857142857142871	1	0.72499999999999998	0.47142857142857147	4.20685199778792E-2	7.2354374015456996E-2	7.6506397525355194E-2	7.3348947327796302E-2	0.19215702455490599	0.26119155803055899	0.28458063151413598	0.169084517379992	0.14896197218894899	0.64322958438900502	1.3497569772716E-2	0.55131245869620604	0.28743809145233001	0.257307638773631	0.54791099548919098	0.22253417039162399	0.15773140415887599	0.47216755340949701	0.56233351440275203	0.77397922579173795	0.239844664388152	0.71998341958049406	1.0053594766113401	0.62443166649527904	0.46852895576209802	Expermental- C1H-EA


Symulated ANFIS -C1H-EA



y = 0.9151x + 0.0278
R² = 0.9151

0.1148936170212766	2.1276595744680847E-2	2.1276595744680847E-2	0	2.9787234042553193E-2	0.27021276595744681	0.30744680851063833	0.19893617021276597	0.20957446808510641	0.53617021276595744	9.4680851063829785E-2	0.51063829787234039	0.17234042553191489	0.25957446808510637	0.4159574468085106	0.30638297872340425	0.24255319148936172	0.48085106382978715	0.48085106382978715	0.62978723404255321	0.2893617021276596	0.54468085106382969	1	0.68936170212765946	0.34893617021276596	8.4260149121378802E-2	7.2150297513765699E-2	8.3142169276328198E-2	7.3091690947711396E-2	0.18603768773529999	0.23845863804745299	0.25551994258653499	0.171649721168641	0.15464350184404399	0.57039002155003904	6.01658652526312E-2	0.47637443928265599	0.28386503219134301	0.23562928059522101	0.46895651222929802	0.21034547454791999	0.16345645733320199	0.47103673481071101	0.50228867170318803	0.62326490326464701	0.22084676241120799	0.64389921321842003	0.98157477112213998	0.54181060084725396	0.40265985232125401	Expermental- C24H-EA


Symulated ANFIS -C24H-EA




0	0	0	0	0	0.21304347826086956	0.23840579710144927	0.16449275362318844	0.17173913043478264	0.39420289855072471	9.3478260869565233E-2	0.37681159420289861	0.14637681159420293	0.2057971014492754	0.31231884057971016	0.39130434782608703	0.34057971014492755	0.56521739130434789	0.64492753623188415	0.25362318840579712	0.39130434782608703	0.32608695652173919	1	0.56521739130434789	0.19565217391304351	6.6827358457063807E-2	0.109527731642654	0.12121314426856	0.11537155148302	0.17516586561726599	0.19475150898052199	0.20099877019557899	0.16974066350668501	0.162386253601466	0.48179140720395802	0.12592640780873099	0.35045024893456	0.23600013784152399	0.19371008706262499	0.35757276066024302	0.18433456437823301	0.166611852831	0.64433030117720602	0.46377308710807702	0.32244783040261499	0.18909794170942301	0.53955037322031496	0.91341705114341099	0.429021556952493	0.21021021147087901	Expermental-C48-EA


Symulated ANFIS- C48H-EA




2.0325203252032523E-2	3.6585365853658541E-2	7.7235772357723581E-2	2.8455284552845527E-2	5.6910569105691061E-2	0.18699186991869921	0.32926829268292684	0	0	4.065040650406504E-2	0.12195121951219512	0.70731707317073167	0.20325203252032517	0.20731707317073172	0.28048780487804881	0.61788617886178865	0.55691056910569103	0.20325203252032517	0.48780487804878048	0.39430894308943093	1	0.52845528455284552	0.23170731707317077	0.58943089430894313	0.51626016260162599	0.10318221680129	4.1371582998656301E-2	6.4690400756588495E-2	3.2351215412404398E-2	6.9860762436424195E-2	0.201536843218591	0.32087902386622802	-1.19980067312302E-4	-2.1054995511323401E-4	4.5109860910843E-2	0.11932354761005901	0.71590611576691598	0.201536843218591	0.20913587306213299	0.26899898407880501	0.65724991191479298	0.53340352925036005	0.150026359929637	0.41311458882510599	0.39054030695679298	0.99982813908978196	0.53093213076174695	0.24501183804441401	0.55099885191742204	0.55813152183730996	Expermental-C1H-EB


Symulated ANFIS-C1H-EB




6.0569351907934638E-4	0.10963052695336159	7.3288915808600849E-2	2.4833434282253177E-2	0.21865536038764385	0.11871592973955179	0.30345245305875229	2.119927316777708E-3	-4.2028430671757896E-18	3.0890369473046641E-2	0.37310720775287703	0.39430648092065407	0.11871592973955179	0.12719563900666264	0.16111447607510596	0.64869775893397952	0.54572986069049056	0.15808600847970927	0.4245911568746214	0.21865536038764385	1	0.50938824954572981	0.30345245305875229	0.47304663840096906	0.5760145366444579	1.86638853806405E-2	0.110573426951957	7.0378785334553495E-2	4.0800391798162403E-2	0.221431119001748	0.13443168045548401	0.303057573803448	2.4245550518879298E-3	-3.5513502781040997E-4	2.54975778757984E-2	0.37345328500918801	0.389051615371794	0.13443168045548401	0.127462592181523	0.16009202179274901	0.65316503733587306	0.55420513849236697	0.12170099942530101	0.41342312348955301	0.20663749187105099	0.99998539531691299	0.50653248339208801	0.29856404163804201	0.52113313463347899	0.52757243409061605	Expermental - C24H - EB


Symulated ANFIS - C24H - EB




0	0	0	0	0	0.1225	0.38	2.6249999999999999E-2	2.4499999999999997E-2	7.0000000000000007E-2	0.33250000000000002	0.35	0.1225	0.1295	0.15749999999999997	0.72	0.45	0.18	0.25	0.34	1	0.59	0.41	0.37	0.68	1.1182557667706601E-3	1.7220411497583899E-2	-4.0444938653642501E-2	0.197389712955056	3.80853426571603E-2	0.124743932397748	0.34880107956508499	4.3502605031639399E-2	4.8089763955395902E-3	6.9311936275636699E-2	0.33110403746773998	0.344311512975426	0.124743932397748	0.14844880660607401	0.158258379063974	0.71966496568469795	0.51567059369998602	0.175200397469816	0.24921494504021099	0.19257046456259899	0.999968938906586	0.50254466287153599	0.37150886002160899	0.52665359030110803	0.54081495652874501	Expermental - C48 - B


Symulated - C48 - B




4.6357615894039743E-2	0.16556291390728478	0.19867549668874174	3.9735099337748346E-2	0	1	0.96688741721854321	0.92052980132450357	0.66225165562913912	0.61589403973509949	0.19867549668874174	0.56953642384105962	0.39735099337748347	0.13245033112582785	0.26490066225165571	0.72185430463576161	0.48344370860927161	0.50993377483443714	0.46357615894039739	0.39072847682119211	0.50331125827814582	0.46357615894039739	0.41059602649006627	0.16556291390728478	0.41721854304635769	0.13262520704108599	8.0586766442070204E-2	0.13262520704108599	0.104264005120304	7.8490467385823298E-2	0.99177644912025198	0.97489130000116997	0.92053097537603201	0.66257569637662495	0.61584964363592298	0.14758548245695199	0.56144954117685597	0.38051983753935498	9.6157427339566795E-2	0.24772823220374501	0.72342829945376497	0.46617889693333397	0.51148668304950995	0.48220994867712702	0.39029907170842898	0.47002143295250398	0.465466379390574	0.46263207701196402	0.19306529012740301	0.41614724736769898	Expermental - C1H - EC


Symulated ANFIS - C1H - EC




0	0.23076923076923084	0.21538461538461542	0	4.6153846153846156E-2	0.35384615384615398	0.33846153846153854	0.40000000000000008	0.36923076923076925	0.70769230769230784	0.1230769230769231	3.0769230769230778E-2	7.6923076923076941E-2	0	3.0769230769230778E-2	1.0769230769230771	0.75384615384615405	1.0153846153846153	0.64615384615384619	0.75384615384615405	0.81538461538461537	1.0307692307692309	0.83076923076923082	0.24615384615384614	0.72307692307692317	8.7190984822970996E-2	6.3411054565501002E-2	8.7190984822970996E-2	4.04775421519043E-2	5.63577446487845E-2	0.31268089357726098	0.31001577797455598	0.51028500503377705	0.45520455304014601	0.58081965578042605	0.152879310530776	1.5459984433710799E-2	0.16744206720038801	0.10709498362150099	1.4696142655921699E-2	1.08516973795778	0.82358782294419397	0.99099561025834404	0.62738906481617396	0.74956037666087605	0.87954509216838495	0.99997487717023104	0.70750113813305104	0.24670077234368101	0.74374701279892497	Experment - C24H - EC


Symulated ANFIS - c24H - EC




0	0	0	0	0	0.14285714285714288	8.5714285714285715E-2	0.36428571428571432	0.38142857142857173	0.34714285714285731	5.5714285714285751E-2	0.15	9.428571428571432E-2	0.06	6.8571428571428589E-2	1	0.77142857142857157	0.80000000000000016	0.91428571428571437	0.6	0.68571428571428572	0.94285714285714295	0.6	0.4285714285714286	0.51428571428571435	1.14E-2	-2.7199999999999998E-2	1.14E-2	-9.1999999999999998E-3	-2.6100000000000002E-2	0.14990000000000001	7.9500000000000001E-2	0.36149999999999999	0.38040000000000002	0.35039999999999999	0.15129999999999999	0.1608	9.8599999999999993E-2	5.6399999999999999E-2	3.7400000000000003E-2	0.99739999999999995	0.77349999999999997	0.80589999999999995	0.88349999999999995	0.60089999999999999	0.74039999999999995	0.91669999999999996	0.60240000000000005	0.39050000000000001	0.50929999999999997	Experment - C48 - EC


Symulated ANFIS - C48 - EC



ANN SYMULATED OF COLIFORM	C1	C24	C48	C1	C24	C48	C1	C24	C48	Extract A	Extract B	Extract C	1.1698568399999998	0.85833371999999986	0.38174779999999997	0.84153536000000007	0.49728195999999991	0.27547864	0.73722439999999989	0.34206439999999994	0.13763680000000003	ANFIS SYMULATED OF COLIFORM	C1	C24	C48	C1	C24	C48	C1	C24	C48	Extract A	Extract B	Extract C	0.57565842072274898	0.48414166159357708	0.50294790343239337	0.39208749999999998	0.41281697040860732	0.26661200426440701	0.43850638904396083	0.27291106817195337	0.2858050882374274	



ANN Symulated	A-C1	A-C24	A-C48	B-C1	B-C24	B-C48	C-C1	C-C24	C-C48	1.1698568399999998	0.85833371999999986	0.38174779999999997	0.84153536000000007	0.49728195999999991	0.27547864	0.73722439999999989	0.34206439999999994	0.13763680000000003	ANFIS Symulated	A-C1	A-C24	A-C48	B-C1	B-C24	B-C48	C-C1	C-C24	C-C48	0.57565842072274898	0.48414166159357708	0.50294790343239337	0.39208749999999998	0.41281697040860732	0.26661200426440701	0.43850638904396083	0.27291106817195337	0.2858050882374274	



A	C	1H	24H	48H	2.4643999999999995	1.7800000000000002	1.1092000000000002	0.65239999999999998	B	C	1H	24H	48H	2.0775999999999999	1.4596	0.76920000000000011	0.44720000000000004	C	C	1H	24H	48H	2.1680000000000001	1.2312000000000003	0.55999999999999994	0.32280000000000003	Time duration in hours 


TMAB in log CFU/g 




EA	C	1H	24H	48H	2.4643999999999995	1.7800000000000002	1.1092000000000002	0.65239999999999998	EB	C	1H	24H	48H	2.0775999999999999	1.4596	0.76920000000000011	0.44720000000000004	EC	C	1H	24H	48H	2.1680000000000001	1.2312000000000003	0.55999999999999994	0.32280000000000003	TMAB in hours


TMAB in log CFU/g 




EA	C	1H	24H	48H	2.4643999999999995	1.7800000000000002	1.1092000000000002	0.65239999999999998	EB	C	1H	24H	48H	2.0775999999999999	1.4596	0.76920000000000011	0.44720000000000004	EC	C	1H	24H	48H	2.1680000000000001	1.2312000000000003	0.55999999999999994	0.32280000000000003	




1.48	1.2	1.6	1.68	1.08	1.7	2.56	1.85	1.64	2	1.58	2.0499999999999998	2.58	2	1.6	1.6	0.92	1.02	1.94	1.52	1.8	2.1800000000000002	2.04	3.6	1.28	1.48128350780885	1.43780867333774	1.48509944110942	1.5154053636120699	1.02565172840696	1.82871899877931	1.9076370450571301	1.9312243207843101	1.7099775265724	2.0147015796428098	1.8938118543887299	2.0624738641422198	2.5711173225270501	1.8892489406631401	1.6074885643471799	1.47814960579459	0.95326340414361999	1.0198844026084599	1.9397374709648001	1.5202891663232301	1.7683065498992201	1.86683877127683	1.91266896811111	3.6015701739481001	1.27775884655671	Expermental- TMAB - EA-1H


Symulated- TMAB - EA-1H




0.41	0.03	0.13	0.1	0.75	0.89	1.35	1.1000000000000001	0.88	0.97	1.4	1.8	1.2	1.2	1.3	1.28	0.65	0.81	1.62	1.23	1.41	1.78	1.57	2.8	1.07	0.39627170244258803	0.10764414816918801	8.5681558107998906E-2	0.113014164303648	0.87872664000641199	1.19054830491401	1.3293119517607199	1.20864887376145	1.01944323861455	1.0197729978004999	1.37306674021126	1.7634133600922599	1.2944889216340201	1.4037736480663101	1.3381877656213299	1.0854354673990201	0.65662411624622796	0.81075428881369505	1.55155102712302	1.26932521906555	1.3127587889721699	1.4595432261214001	1.1934542929705001	2.7999165151701901	1.06834302600723	Expermental- TMAB - EA-24H


Symulated- TMAB - EA-24H




0.31	0.01	0.05	0.03	0.01	0.62	0.53	0.65	0.54	0.26	1	0.64	0.51	0.84	1	0.76	0.57999999999999996	0.62	0.78	0.59	0.38	1.1200000000000001	1.68	1.8	1	0.31313335410899901	4.7653954807487298E-2	5.32943135538404E-2	8.9663221998886097E-3	0.15702883323738001	0.72570999990203899	0.653041620906612	0.51038015923444002	0.47921311660856702	0.32997106971794399	0.66436866680735795	0.65175997643455896	0.52313954387290595	0.89499585576331098	1.0010249780170899	0.68137476067931801	0.59419649181295797	0.61978238261625995	0.77760775166435003	0.59061429791699804	0.49593986151110703	1.0530939254463301	1.5868056188158199	1.7996018686294499	0.99972333311457096	Expermental- TMAB - EA-48H


Symulated- TMAB - EA-48H




1.32	0.84	1	1.08	0.88	1.78	1.24	1.2	1.53	1.43	0.72	1.22	2.9	1.48	1.72	1	0.92	1.02	0.98	1.04	4.88	1.34	1.05	0.72	3.2	1.1260952974632501	0.84071592695147201	0.999182838229699	1.0798104072088099	1.1260952974632501	1.5857061994992401	1.2399918018452101	1.3475583915818099	1.52994286182353	1.5857061994992401	0.72029474858303599	1.98960680434598	2.14808202709118	1.48006154776843	1.5371132105106	0.958124868731007	0.91975802519792105	0.94805610826452302	0.97228523335293204	1.0403386329594499	4.8801582154292804	1.3398787388737701	1.1331254026750699	0.72025731623148703	3.2418728450055201	Expermental - TMAB- EB-1H


Symulated- TMAB-EB-1H



y = 0.9285x + 0.055
R² = 0.9404

0.72	0.56999999999999995	0.1	0.88	0.09	1.1599999999999999	0.98	0.62	0.67	0.88	0.61	0.78	0.54	0.78	0.45	0.75	0.68	0.54	0.74	0.63	3.34	1.18	0.51	0.44	0.59	0.47347334461985602	0.56929162044834902	0.101413176961989	0.88016939270587602	0.47347334461985602	0.779943887135502	0.98053219963995797	0.74138995987380496	0.66995484501111402	0.779943887135502	0.60832197028648305	0.65046233338067605	0.64383782139600598	0.77994240950417104	0.77856395768754505	0.55942250303655905	0.67941181250284699	0.57061544703356004	0.61835885169206395	0.63055542962864997	3.3398175775007601	1.17981952073296	0.65253531464055003	0.44044433556581097	0.64841896047815795	Expermental - TMAB- EB-24H


Symulated- TMAB-EB-24H




0.15	0.13	0.01	0.27	0.02	0.4	0.74	0.52	0.34	0.57999999999999996	0.41	0.42	0.38	0.37	0.38	0.27	0.25	0.38	0.5	0.56999999999999995	1.87	1.01	0.48	0.35	0.38	0.10530295107743801	0.12986774203998	1.0253147415112599E-2	0.26962943934522898	0.10530295107743801	0.46666151466931199	0.73999122995404998	0.43630220148130799	0.34011434194523998	0.46666151466931199	0.40980833329614402	0.41894451773660601	0.42730126430744397	0.36990625849109598	0.464796210736654	0.298606874142541	0.25085429866894798	0.32437314878811202	0.43669296509248201	0.56933999204719199	1.8698795034130899	1.0101845929711699	0.52107025260803996	0.34998689498018998	0.38825330479271197	Expermental - EB - 48H


Symulated - EB - 48H




0.27	0.73	0.17	0.27	0.42	0.59	0.9	1	0.65	1.08	0.5	1.2	1	0.49	0.39	2.38	1.9	1.02	1.08	2.9	2.89	2.12	1.25	3.1	2.48	0.27849147829598098	0.72975897728410699	0.30278441607853301	0.27012174221040802	0.46917120108347998	0.22271831556353999	0.900078880178936	0.97493433267600005	0.64983626601922295	1.1361137709074101	0.50001732030514801	1.2000395850418899	0.94876833251842396	0.49012280390384699	0.63661931860538501	2.28403517110634	1.79113053067669	0.96123744202724604	1.07960585772262	2.68701412994408	2.4922065718217601	2.1199657611143299	1.1447007196391601	3.0999998400367099	2.3879747738969299	Expermental - TMAB-EC- 1H


Symulated -TMAB- EC- 1H




0.03	0.34	0.03	0.05	0.23	0.28000000000000003	0.19	0.28000000000000003	0.21	0.51	0.28999999999999998	0.35	0.19	0.19	0.35	1.21	0.33	0.71	0.51	0.73	1.84	1.37	0.78	1.4	1.6	2.00541796827584E-2	0.34002658243731598	6.4641959263340903E-2	5.0151515784191601E-2	0.22352843737299699	0.42288033610735398	0.19004691768000101	0.33554188446080002	0.20989858909784001	0.60272323686045803	0.28999224603375501	0.35000117254928598	0.26909709688660199	0.190036089993182	0.26089093524857099	1.3106375334072999	0.107004563304285	0.491541440961207	0.50952186371336705	0.61874408471087905	1.7636949836014	1.3699883366121099	0.60682309302174897	1.4000000116047699	1.2909787190158	Expermental- TMAB - EC-24H


Symulated- TMAB - EC-24H




0.01	0.03	0.01	0.01	0.05	0.28999999999999998	0.27	0.14000000000000001	0.19	0.23	0.18	0.34	0.17	0.21	0.13	0.71	0.17	0.45	0.27	0.51	0.87	0.71	0.53	0.78	0.81	1.3445381000312701E-2	3.2549249241731602E-2	2.3095186482590999E-2	9.8588622461856304E-3	4.4592435170041002E-2	0.29776512830677399	0.26998425589803898	0.13234109858837101	0.190223352686024	0.24190964400008799	0.17986726652350399	0.33928626151615698	0.14167970922578799	0.207029248415459	0.13619654524406699	0.806134167158302	0.10023741821092801	0.39203123110275601	0.271192706855161	0.46151908106751399	0.86235565900516797	0.71003661638090398	0.37528230087777897	0.780001913192504	0.83140604306661903	Expermental- TMAB-EC-48H


Symulated- TMAB-EC-48H



ANN Symulated	EA-TMAB-1H	EA-TMAB-24H	EA-TMAB-48H	EB-TMAB-1H	EB-TMAB-24H	EB-TMAB-48H	EC-TMAB-1H	EC-TMAB-24H	EC-TMAB-48H	0.92279999999999995	0.84089999999999998	0.94189999999999996	0.90969999999999995	0.89090000000000003	0.9244	0.87	0.94	0.95	ANFIS Symulated	EA-TMAB-1H	EA-TMAB-24H	EA-TMAB-48H	EB-TMAB-1H	EB-TMAB-24H	EB-TMAB-48H	EC-TMAB-1H	EC-TMAB-24H	EC-TMAB-48H	0.9002	0.94330000000000003	0.95650000000000002	0.93269999999999997	0.94040000000000001	0.98350000000000004	0.98150000000000004	0.95809999999999995	0.97609999999999997	



TPAB-C	 EA	EB	EC	2.7527999999999997	2.8152000000000004	1.8960000000000001	TPAB-1H	 EA	EB	EC	2.1092	1.9264000000000001	1.4156000000000004	TPAB-24H	 EA	EB	EC	1.5056000000000003	1.3428	0.99840000000000007	TPAB-48H	 EA	EB	EC	0.86319999999999997	0.7712	0.47960000000000003	Spirulina Extracts (w/v) 


TPAB in log10




TPAB-C	 EA	EB	EC	2.7527999999999997	2.8152000000000004	1.8960000000000001	TPAB-1H	 EA	EB	EC	2.1092	1.9264000000000001	1.4156000000000004	TPAB-24H	 EA	EB	EC	1.5056000000000003	1.3428	0.99840000000000007	TPAB-48H	 EA	EB	EC	0.86319999999999997	0.7712	0.47960000000000003	Sprulina Extracts (w/v)


TPAB In log10




 EA	TPAB-C	TPAB-1H	TPAB-24H	TPAB-48H	2.7527999999999997	2.1092	1.5056000000000003	0.86319999999999997	EB	TPAB-C	TPAB-1H	TPAB-24H	TPAB-48H	2.8152000000000004	1.9264000000000001	1.3428	0.7712	EC	TPAB-C	TPAB-1H	TPAB-24H	TPAB-48H	1.8960000000000001	1.4156000000000004	0.99840000000000007	0.47960000000000003	




1.6	1.8	1.28	1.8	1.55	1.9	1.74	1.22	1.19	1.78	2.0099999999999998	1.05	1.56	0.93	1.52	2.2799999999999998	2.48	3.52	3.6	2.4	2.16	2.96	2.48	3.84	2.88	1.6264121239323199	1.6042994180757799	1.60282523768535	1.60356232788056	1.62843658413827	1.92060276115616	2.0913973842232498	1.32851473452355	1.4220909662722301	1.80589318387483	2.5468497124021798	1.23042569632057	1.1933247282694499	1.0096981047983	1.42567909545864	2.29635093190377	2.4575876491650002	3.4210076341206901	2.98345357640396	2.2416294420419098	2.12366606701677	2.8307991511623301	2.7979812295529398	3.6700269499807798	2.7505085497536301	Expermental-TPAB-EA-1H


Symulated-TPAB-EA-1H




0.31	0.55000000000000004	0.98	1.1200000000000001	1.1000000000000001	0.86	1.28	1	1.1299999999999999	1.53	1.58	0.85	0.94	0.78	1.02	1.95	2.0499999999999998	2.85	2.64	2.1800000000000002	1.6	2.4	1.7	2.68	2.56	0.290300967293389	0.88897014828125198	0.92696158648204396	0.90799775273168803	1.15197438253519	1.3772239858592299	1.4961596021961701	0.96493078720857905	1.0106503545110199	1.2507824914110499	1.8133319420902601	0.82944481493598898	0.87013491289215505	0.74293764818515295	1.0845759739038701	1.63888522977035	1.9719239466668299	2.8057653621688501	2.3711314294121202	2.4773668159867701	1.49116619206042	2.0729967527709601	2.0577070921216198	2.6196685887256299	2.5270171529867902	Expermental-TPAB-EA-24H


Symulated-TPAB-EA-24H




0	0	0	0	0	1.02	0.78	0.72	0.82	0.65	0.59	0.6	0.74	0.52	0.83	1.52	1.84	1.52	1.28	1.44	1.41	0.78	1.42	1.34	1.76	1.38449930393764E-4	3.0180099384539499E-2	3.0249827106829399E-2	1.2685839546451E-2	0.33493730054712001	0.84177375368528096	0.97057885611251005	0.56782149197320897	0.55964610650479396	0.69635808977984603	0.54028035529649998	0.60221512212863204	0.74243926864841903	0.57499768026641196	0.82665588751779495	1.1402407264657599	1.5384001673343399	1.5176407830466501	1.3002303800574899	1.430511710032	0.98813601990122002	0.78847860527914404	1.3742552241307699	1.3793101102399901	1.7560265501972301	Expermental-TPAB-EA-48H


Symulated-TPAB-EA-48H




0.09	0.96	1.35	0.62	1.4	1.4	2.16	2.0099999999999998	1.08	1.04	1.24	1.84	1.56	1.28	1.08	4.9800000000000004	5.14	2.71	2.58	1.23	2.27	2.98	2.4700000000000002	2.2400000000000002	2.4500000000000002	0.74426100087874802	0.96000351892208302	1.34999650301014	0.619999896152995	0.74426100087874802	1.40443852122744	2.1599997260236399	2.1586642586339799	1.0799999309518	1.04353793418213	1.2400002816107001	2.13818246412561	1.5534324774009101	1.27999923791506	1.0797930844766199	4.9800000430195199	5.1399995737130197	2.7099986939152698	2.5768958299686502	1.2299999945878199	2.3212038026083799	2.9799997047229101	2.3245343053012699	2.2399997811591201	2.1007337826938	Expermental-TPAB-EB-1H


Symulated-TPAB-EB-1H




0.46	0.82	0.78	0.45	0.62	0.98	1.68	1.08	0.74	0.65	0.89	0.92	1.24	1	0.62	3.61	3.78	0.18	2.1800000000000002	1.1000000000000001	1.53	2.58	1.68	2.3199999999999998	1.68	0.69826693953820695	0.81999755353887505	0.780000561194368	0.45000050786781198	0.69826693953820695	0.72848590667497803	1.6799969139022699	1.4474905901836801	0.74000132006542796	0.76266929998289601	0.89000130904336505	1.47240860207925	0.75241744417844902	0.99999441638478304	0.83776683783572903	3.60999638997251	3.7799892005635001	0.61266697991484598	1.973581630577	1.0999982818346301	1.68492993446134	2.5799961078929399	1.3228463293334201	2.3199960568754299	1.5720445415939199	Expermental-TPAB-EB-24H


Symulaated-TPAB-EB-24H




0	0	0	0	0	0.43	0.51	0.71	0.53	0.4	0.65	0.81	0.74	0.51	0.55000000000000004	2.08	2.08	1.2	1.18	0.81	0.72	1.84	1.1399999999999999	1.41	0.98	0.136725759518845	3.82978996686708E-7	2.2300687860360001E-7	4.8297899668670805E-7	0.136725759518845	0.32397373183213402	0.50999952185585395	0.87165846826097004	0.529998669453565	0.46401456861402701	0.65000038767775303	0.896219240206927	0.42346064920562698	0.50999877626020296	0.70730958848043002	2.0799979199841601	2.0799940578128102	1.25026572583425	1.076959416857	0.80999879095488103	0.91188413147253999	1.8399973694508001	0.74891571721712302	1.40999757053042	0.91188413147253999	Expermental-TPAB-EB-48H


Symulated- TPAB-EB-48H




0.78	0.63	0.45	0.87	0.7	0.88	1.28	0.85	0.7	0.7	0.8	0.83	0.82	1.19	0.38	3.14	2.4500000000000002	3.04	1.92	2.31	2.0299999999999998	2.41	2.1800000000000002	1.53	2.52	0.79142676638367304	0.74697949883503201	0.45013848023904401	0.773122472158709	0.671191630368417	0.88004640453538197	1.27970797243275	0.84985444882814398	0.699999225073617	0.70033958462819201	0.79257850958105303	0.83168700878087498	0.82293188756383495	1.19001182305711	0.37997372172164701	3.1399947567383801	2.4499661224356899	3.0399953482397399	1.92000092048381	2.30999300372835	2.02999848818212	2.41003678672342	2.1799902488552698	1.53000278835787	2.5199888654207099	Expermental-TPAB-EC-1H


Symulated-TPAB-EC-1H




0.68	0.52	0.12	0.05	0.13	0.51	0.72	0.55000000000000004	0.42	0.48	0.59	0.53	0.35	0.41	0.21	2.42	2.0699999999999998	1.89	1.69	1.38	1.85	2.13	2.0699999999999998	1.41	1.78	0.52911028757084699	0.421238539436736	0.120091668989238	-2.6986918205022998E-4	0.279030307940699	0.51000952253406195	0.71995864108748597	0.54998395739015205	0.41999847699005	0.48497723835023798	0.54512258978846295	0.62390127778741	0.44685350751608999	0.41002585017954901	0.209973662735151	2.4199959306626302	2.0699726677373298	1.8900071740262001	1.6899855406440301	1.3800068491378901	1.8499983247365299	2.1300291287708499	2.0699766102428798	1.4099974172231899	1.77999227937757	Expermental-TPAB-EC-24H


Symulated-TPAB-EC-24H




0	0	0	0	0	0.47	0.19	0.22	0.32	0.45	0.51	0.32	0.27	0.37	0.12	1.1499999999999999	0.89	1.03	0.72	0.82	0.79	0.91	0.89	0.61	0.94	-3.36669619894352E-6	3.7740492997449899E-5	2.6706059268572702E-6	-3.7282782464732601E-5	-5.3352956468072602E-7	0.470000478119321	0.18999777518272401	0.21999830750305199	0.319999964967217	0.45000146614536402	0.50999283354391201	0.32000150536469801	0.27000881343324601	0.37000002725786002	0.119999512233933	1.1499999619904799	0.88999985129383097	1.0299999548837799	0.71999993289284903	0.82000000376217697	0.78999996999331201	0.91000019793463005	0.88999994025193097	0.60999991525310704	0.93999987960794096	Expermental-TPAB-EC-48H


Symulated-TPAB-EC-48H



EA	SA-C	SA-1H	SA-24H	SA-48H	0.57319999999999982	0.44040000000000007	0.28439999999999993	0.12920000000000001	EB	SA-C	SA-1H	SA-24H	SA-48H	0.71200000000000019	0.26079999999999998	0.126	7.0000000000000007E-2	EC	SA-C	SA-1H	SA-24H	SA-48H	0.74880000000000013	0.12240000000000001	6.8400000000000002E-2	3.6000000000000011E-2	Extracts (w/v)


SA In log10
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Best Validation Performance is 0.0087519 at epoch 14
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Best Validation Performance is 0.00093918 at epoch 3
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Best Validation Performance is 0.070328 at epoch 8
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Best Validation Performance is 0.023874 at epoch 11
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Best Validation Performance is 0.02438 at epoch 2
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Best Validation Performance is 0.21327 at epoch 3
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Best Validation Performance is 0.044786 at epoch 4
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