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Abstract

Three-dimensional food printing is a new technique that has potential uses in personalized nutrition, texture
alteration, and sophisticated food design.Extrusion is the most commonly utilized process, especially for cereal
derivatives and chocolate.This technology provides prospects for nutritional content customization, addressing
unique dietary demands, and potentially resolving malnutrition disorders. However, obstacles remain, including
as microbiological contamination, customer acceptance, and regulatory issues. Additional research is needed to
determine the impact on nutrient density, bioavailability, and overall diet quality. Despite these obstacles, 3D food
printing offers prospects for novel business methods and enhanced sustainability in the food supply.Future
improvements could include merging 3D printing with cooking procedures and the introduction of 4D printing.3D
food printing is a novel technology with potential applications in individualized nutrition, sustainability, and
creative food design. It enables the development of sophisticated geometric structures as well as customized foods
based on individual nutritional requirements, textures, and flavors.Extrusion, inkjet, binder jetting, and selective
sintering are some of the processes used in this technology.While 3D food printing has advantages in terms of
customization and waste reduction, it has obstacles such as assuring nutritional quality, food safety, and consumer
acceptance.Furthermore, there is still room for improvement in terms of production scale and printing
resolution.Despite these challenges, 3D food printing has the potential to transform food innovation and
manufacturing, addressing concerns such as malnutrition and sustainability in the food sector. In this review, the
benefits and potential challenges of 3-D printed food items were thoroughly examined.
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Yeni Nesil Gida Yaklasimlari: 3D Baskili Gida Uriinlerinin Faydalari ve Zorluklar

Ozet

Ug boyutlu gida baskisi, kisisellestirilmis beslenme, doku degisikligi ve gelismis gida tasariminda potansiyel
kullanimlari olan yeni bir tekniktir. Ekstriizyon, 6zellikle tahil tiirevleri ve ¢ikolata i¢in en yaygim kullanilan
islemdir. benzersiz beslenme talepleri ve potansiyel olarak yetersiz beslenme bozukluklarmin ¢oziimii. Ancak
mikrobiyolojik kontaminasyon, miisteri kabulii ve mevzuat sorunlari gibi engeller devam etmektedir. Besin
yogunlugu, biyoyararlanim ve genel diyet kalitesi iizerindeki etkiyi belirlemek i¢in ek arastirmalara ihtiyac vardir.
Bu engellere ragmen, 3 boyutlu gida baskisi, yeni is yontemleri ve gida tedariginde gelismis siirdiiriilebilirlik i¢in
umutlar sunuyor. Gelecekteki iyilestirmeler, 3 boyutlu baskinin pisirme prosediirleriyle birlestirilmesi ve 4 boyutlu
baskinin tanitilmasimi igerebilir. 3 boyutlu gida baskisi, bireysellestirilmis gida endiistrisinde potansiyel
uygulamalara sahip yeni bir teknolojidir. beslenme, siirdiiriilebilirlik ve yaratici gida tasarimi. Bireysel beslenme
gereksinimlerine, dokulara ve tatlara dayali 6zellestirilmis gidalarin yani sira karmasik geometrik yapilarin da
gelistirilmesine olanak tanir. Ekstriizyon, miirekkep piiskiirtme, baglayici piiskiirtme ve segici sinterleme bu
teknolojide kullanilan islemlerden bazilaridir. 3D gida baskisinin avantajlart vardir. kisisellestirme ve atiklarin
azaltilmasi agisindan beslenme kalitesinin saglanmasi, gida giivenligi ve tiiketici kabulii gibi engellere sahiptir.
Ustelik iiretim 6lgegdi ve baski ¢oziiniirliigii agisindan hala iyilestirmeye yer vardir. Bu zorluklara ragmen 3D gida
baskisi, Gida sektoriindeki yetersiz beslenme ve siirdiiriilebilirlik gibi endiseleri ele alarak gida inovasyonunu ve
iretimini doniistiirme potansiyeli. Bu incelemede, 3 boyutlu baskili gida maddelerinin faydalar1 ve olas1 zorluklari
kapsaml1 bir sekilde incelenmistir.

Anahtar Kelimeler: 3D baski,gida sistemleri, tiiketici,endiistri,yeni yaklasimlar
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Introduction

Recent advancements in 3D printing have transformed many industries, including healthcare and biology. Using
patient-specific data, the method allows for the development of complicated biomedical devices, implants, and
scaffolds for tissue engineering (Chia and Wu, 2015). Significant advances in printing processes, materials, and
post-processing methods have enabled the development of piezoelectric devices, blood vessel-like hydrogel
structures, and even live cells (Karakurt & Lin, 2020). In healthcare, bioprinting mixes biomaterials to create
biomedical parts, addressing medical crises in locations without advanced technology (Mukhopadhyay & Poojary,
2018). 3D printing's versatility and efficiency have led to its widespread use in areas such as prototype, automobile,
aviation, and space exploration. Advanced printing processes such as SLS, DLP, and LOM, as well as the
development of composite and nanocomposite materials containing carbon fibers, graphene, and carbon
nanotubes, are boosting the capabilities of this technology (Ghongde and Sachdev, 2020). Recent breakthroughs
in 3D food printing have demonstrated intriguing uses for generating customized and functional food products.
This technique enables personalized nutrition, customized textures, and complex geometries (Diafez et al., 2022;
Leontiou et al., 2023). Diafez et al. (2022) report that extrusion-based systems with in situ gelation and mixing
capabilities offer improved control over final product qualities. The utilization of functional components and
interior structures can influence both the physiological advantages and the physicochemical features of printed
foods (Zhao et al., 2020). However, obstacles remain in adjusting food ink compositions and printing conditions
for successful results (Zhang et al., 2021). The new concept of 4D food printing adds another level of utility (Zhao
et al., 2020).In this review the benefits and challanges were evaluated deeply in comprasion.

Benefits of 3D-printed Foods

Advancements in 3D food printing (3DFP) hold promise for generating personalized, healthy, and sustainable food
items (Hamilton et al., 2024; Diafiez et al., 2022). This method has the ability to adapt dietary qualities to specific
demands (Zhang et al., 2021). Material qualities, printing settings, and food ink printability are all important
aspects in determining the success of 3D printed foods. Diafiez et al. (2022) are developing innovative
technologies, such as in situ gelation and mixing devices, to automate the printing process and improve end product
attributes. Hydrogel-based inks have emerged as a viable method for producing 3D printed foods with actual food
qualities (Sharma et al., 2023). However, obstacles remain, such as food safety concerns, machine hygiene, and
the requirement for standardized reporting of critical physicochemical parameters (Hamilton et al., 2024; Zhang
et al., 2021). Overcoming these challenges is critical to the general implementation of 3DFP in the food business.
Three-dimensional (3D) food printing is a new technology with several potential applications in the food business.
It permits the development of complicated geometric structures, personalized nutrition, and customized textures
for specific consumer demands, such as dysphagia patients (Zhu et al., 2023). The technology has economic and
environmental benefits, such as waste reduction and the utilization of eco-friendly ingredients (Le-Bail et al.,
2020). 3D food printing enables the modification of color, shape, flavor, and nutritional content, addressing
concerns such as malnutrition (Singhal et al., 2020). It also has uses in intelligent food packaging, which might
help reduce food waste (Leontiou et al., 2023). However, obstacles persist, including worries regarding nutritional
quality, food safety, and regulatory issues (Zhu et al., 2023). Current research aims to improve print resolution and
create large-scale production systems (Le-Bail et al., 2020). As technology progresses, it may transform food
production and consumption habits.

Challanges of 3D-printed foods

3D printed food is a new technology with potential uses in personalized nutrition, food sustainability, and
addressing global food supply issues (Tran, 2016; Roslin et al., 2022; Baiano, 2020). However, it confronts a
number of challenges, including safety concerns, labelling requirements, and consumer acceptance (Tran, 2016;
Baiano, 2020). The technology primarily employs extrusion techniques and a variety of ingredients, including
grain derivatives, chocolate, and alternative protein sources (Baiano, 2020). Religious considerations, such as halal
certification, also apply to 3D printed food goods (Roslin et al., 2022). Consumer opinions regarding 3D printed
food are mixed, with concerns about its "unnatural” nature and the redefining of what constitutes food (Lupton
and Turner, 2016). Legal frameworks may have to classify 3D printed foods as “novel foods" (Baiano, 2020).
Despite the limitations, 3D food printing provides prospects for new business strategies and increased food supply
chain sustainability (Baiano, 2020). 3D food printing has the potential to improve individualized nutrition and
texture modification, especially for dysphagic patients (Zhu et al., 2023; Lorenz et al., 2022). Carbohydrate-based
inks are widely used to generate desirable textures and can be supplemented with prebiotics and probiotics (Singh
et al., 2022). However, the technique presents problems in terms of nutritional quality, food safety, and regulatory
issues (Zhu et al., 2023). The ultra-processed nature of 3D-printed foods may have a negative influence on
digestion and gut flora, however methods such as adding hydrocolloids and probiotics can help alleviate these
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impacts (Lorenz et al., 2022). Safety and labeling issues are key concerns, particularly in terms of food poisoning
hazards and long-term consumption impacts (Tran 2016).

Conclusion

In this review, benefits and challanges of 3D-printed foods were evaluated.While 3D food printing holds promise
for enhancing texture-modified diets and developing appealing foods for certain populations, additional study is
needed to address potential health hazards and assure proper regulation.The important comments given from this
review, the highlihts could be beneficary for not only academicans but also industry and public.
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