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Abstract

In the production of plant-based meat analogs, mimicking the characteristic texture (toughness, elasticity, fibrous
structure) and sensory properties of real meat is a critical technological challenge in food science. Traditional
formulation development and extrusion processes are often based on time-consuming, resource-intensive, and costly
trial-and-error methods. The aim of this systematic review is to evaluate the optimization potential of artificial
intelligence and machine learning algorithms in plant-based meat design and to highlight the advantages they offer
compared to traditional methods (e.g., Response Surface Methodology). A review of the current literature shows that
machine learning models successfully model the complex and nonlinear relationships between input components and
the textural quality of the final product. Neural networks such as decision tree-based algorithms (Random Forest,
XGBoost) and Multilayer Perceptrons have been found to provide very high accuracy in texture and rheology
prediction. In particular, Multi-Objective Bayesian Optimization has proven to significantly reduce the number of
experimental trials required to achieve the target tissue profile compared to traditional methods, maximizing process
efficiency. Furthermore, the integration of these algorithms with non-destructive "Green Analytics" tools such as
hyperspectral imaging and electronic nose (e-nose) has been shown to support environmental sustainability by
reducing sample waste and chemical waste by up to 90%. Consequently, the integration of artificial intelligence and
machine learning goes beyond traditional input-to-output approaches in plant-based meat production, enabling the
"Inverse Design" vision where the targeted tissue is rationally constructed directly using algorithms. This allows for
the much faster development of innovative food formulations that increase resource efficiency and meet consumer
expectations.
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Bitkisel bazh et analoglarinda doku ve duyusal optimizasyon i¢in yapay zeka ve makine 6grenimi: Bir
inceleme

Ozet

Bitkisel bazli et analoglarinin tiretiminde, gercek etin karakteristik dokusunu (sertlik, esneklik, lifli yapi) ve
duyusal 6zelliklerini taklit etmek, gida biliminde kritik bir teknolojik zorluktur. Geleneksel formiilasyon gelistirme
ve ekstriizyon surecleri genellikle zaman alici, kaynak yogun ve maliyetli deneme-yanilma yontemlerine
dayanmaktadir. Bu incelemenin amaci, bitkisel bazli et tasariminda yapay zeka ve makine Ogrenmesi
algoritmalarmin optimizasyon potansiyelini degerlendirmek ve geleneksel yontemlere (6rnegin, Yanit Yiizey
Metodolojisi) kiyasla sunduklari avantajlari vurgulamaktir. Mevcut literatiiriin incelenmesi, makine 6grenmesi
modellerinin girdi bilesenleri ile nihai iiriiniin dokusal kalitesi arasindaki karmasik ve dogrusal olmayan iligkileri
basariyla modelledigini gostermektedir. Karar agaci tabanli algoritmalar (Random Forest, XGBoost) ve Cok
Katmanl1 Algilayicilar gibi sinir aglarinin, doku ve reoloji tahmininde ¢ok yiiksek dogruluk sagladigi bulunmustur.
Ozellikle, Cok Amagcli Bayes Optimizasyonu, geleneksel yontemlere kiyasla hedef doku profilini elde etmek icin
gereken deneysel deneme sayisini 6nemli dl¢tide azaltarak siire¢ verimliligini en tist diizeye ¢ikarmistir. Dahast,
bu algoritmalarin hiperspektral goriintilleme ve elektronik burun (e-burun) gibi tahribatsiz "Yesil Analiz"
araglariyla entegrasyonunun, numune atigini ve kimyasal atig1 %90'a kadar azaltarak ¢evresel siirdiiriilebilirligi
destekledigi gosterilmistir. Sonu¢ olarak, yapay zeka ve makine Ogreniminin entegrasyonu, bitki bazli et
uretiminde geleneksel girdi-gikti yaklasimlarinin Gtesine gegerek, hedef dokunun algoritmalar kullanilarak
dogrudan rasyonel bir sekilde olusturuldugu "Ters Tasarim" vizyonunu miimkiin kilmaktadir. Bu, kaynak
verimliligini artiran ve tiiketici beklentilerini karsilayan yenilik¢i gida formiilasyonlarinin ¢ok daha hizh
gelistirilmesine olanak tanimaktadr.
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