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Introduction

The growing interest of consumers for specific expectations related to food composition, food structure and food properties in general resulted in the emerging trend of personalized foods and personalized nutrition. This may concern individuals that are motivated by having a better control on their food intake, as well as specific parts of the population such as elderly for whom very specific diets can be designed based on their personal profile eventually with the help of nutritionists. This motivates a growing market for personalized food, which aims to tailor and fabricate diet specifically based on an individual's health condition [1]. The food industry is also motivated by this technology, even though so far most of the application are concerning food prototyping. In this context, in the last couple of years, numerous studies on three-dimensional (3D) food printing have demonstrated the value of this technology in the food industry for production of personalized food [2].

A total of 120 publications has been found in the database "Science Direct" (Elsevier) using the keywords "food" and "3D printing" (Fig. 1) between 2013 and 2019; a drastic increase of the number of publications is observed in 2019, demonstrating the interest and motivation of the scientific community toward this relatively new technology in the area of food applications. 

Science Direct Food; 3D printing Number of publications

indeed, this technology allows creating a large variety of meals on demand in severe conditions (i.e. battlefield) using different types of food ingredients that can be conditioned in specific packages. 3D food printing technology has also attracted the attention of the NASA (USA). This technology allows food production in the requirements of nutritional stability, food safety, and acceptability of meals for space missions, and moreover using the least amount of spacecraft resources [4]. Another sector interested in this technology is the food for people with chewing and swallowing difficulties. According to Sun et al. (2015) [5], 15 to 25 % of elderly people over the age of 50 and up to 60 % of nursing home residents show this difficulty to eat. This people are often provided with unappealing 'porridge-like food', and it has caused the loss of appetite and even nutritional deficiencies [6]. In this way, by using appropriate ingredients, this technology can produce food products focusing on nutritional intolerances and allergies (such as gelled desserts without milk or eggs, with can be an alternative also for vegan food), or with nutraceutical perspective.

The 3D printing technology consists in a controlled robotic-process whereby a product is built up layer by layer from a 3D computer design program CAD or by downloading 3D platforms from some online services (e.g. Shapeways, Ponoko, Sculpteo, and Thingiverse)

[7].

3D Food Printing Techniques

Different "printing" technics used in the construction industry have been adapted to the case of food applications. The major 3D printing technologies applied on food are illustrated in the Fig. 2 and will be briefly discussed at follow. 

Extrusion based printing

The extrusion-based 3D printing is considered to be the easiest to develop and has the widest set of foods made with it [START_REF] Tan | Extrusion-based 3D food printing-Materials and machines[END_REF]. This technique involves on a robotic arm with a cylinder (i.e. a syringe) that moves along a surface, extruding material through a nozzle. The consecutive deposition of layers is undertaken by directing the cylinder at pre-determined locations by a 3D model [6]. The syringe-based extrusion printer typically uses food pastes of high viscosity [START_REF] Yang | Improving 3D printing process of lemon juice gel based on fl uid fl ow numerical simulation[END_REF]. The food ink is extruded through a die or printing head and is expected to 

Some parameters must be considered for the extrusion technique [10]:

• the capability of the ink to be extruded through the printing die;

• the ability of printed stacked layers to have sufficient mechanical integrity to support them without defects such sagging and buckling;

• The stability and definition of the printed lines after deposition to ensure a good resolution of the printed object.

In this way, it is necessary to obtain information about the rheology of the "inks", and depending of its properties, different conditions of extrusion can be used. Ideally, a shear thinning behavior of the ink will facilitate the flow of the ink through the printing die; in this context, the processing conditions in particular the printing die (or nozzle) dimensions, the printing speed (in other words the extrusion rate), the infill percentage and the layer height [START_REF] Gholamipour-Shirazi | Designing hydrocolloid based food-ink formulations for extrusion 3D printing[END_REF]. According to Lipton (2017) [4], the ink must have to capacity to be extruded and when deposited in the surface, it must have to maintain the capacity of self-supporting. The author mentioned the shear modulus parameter (G*) as an indicator of the capacity of a material to flow and be extruded. The shear modulus parameter (G*) can be represented as a complex number, where G* = G′ + iG″ (G′ is the shear storage modulus and G″ is the shear loss modulus). If G″ becomes greater than G′, the system can flow and be extruded.

Another important parameter for the quality in the printing is the extrusion temperature, and it can be classified into: room temperature extrusion (RTE), hot-melt extrusion (HME) and hydrogel-forming extrusion (HFE) [1]. RTE consists in smoothly extruding natively printable materials like dough, blends with starchy gels, blends with fruits and vegetables, cheese, creamy peanut butter, jelly, chocolate paste, hummus and similar material at room temperature [START_REF] Millen | The development of colour 3D food printing system[END_REF][START_REF] Yang | Physical properties of 3D printed baking dough as affected by different compositions[END_REF][START_REF] Lille | Applicability of protein and fiber-rich food materials in extrusion-based 3D printing[END_REF][START_REF] Severini | Printing a blend of fruit and vegetables. New advances on critical variables and shelf life of 3D edible objects[END_REF][START_REF] Chuanxing | Effects of Pea Protein on the Properties of Potato Starch-Based 3D Printing Materials[END_REF]. RTE has been applied to fabricate complex confectioneries with high repeatability, which were challenging to make by hand [START_REF] Periard | Printing food[END_REF]. The RTE can also be applied for pasta printing using classical recipes, and surface filling on cookies, pizzas, and graphical decorations [START_REF] Van Der Linden | 3D Food printing Creating shapes and textures[END_REF].

In hot-melt extrusion (HME), semisolid or a molten ink is extruded at a relatively high temperature from the printing nozzle and it needs to solidify almost immediately after extrusion and welds to the previous layer [1]. This technique has drawn much attention due to the ability to print materials which solidifies almost immediately after extrusion, allowing the obtaining of higher verticality of the assemblies [19]. It has been widely applied to create customized 3D chocolate products for example [START_REF] Lanaro | 3D printing chocolate: Properties of formulations for extrusion, sintering, binding and ink jetting[END_REF].

In hydrogel-forming extrusion (HFE), the hydrocolloid solutions or dispersion are printed into a polymer/hardening/gel setting bath using syringe pipette, jet cutter, vibrating nozzle and similar apparatus [1]. In this technique, the hydrocolloid solution should present viscoelastic characteristic first, and then turn into self-supporting gels prior to the consecutive deposited layers [1]. This technique has been applied to print soft foods based on fruits, interesting for elderly people with swallowing problems [21].

Inkjet printing

The inkjet printing technology applied to food printing was commercialized by the company FoodJet (Nijmegen, The Netherland) [22]; it uses an array of pneumatic membrane nozzle-jets which layers tiny drops of a food ink onto a moving object. The drops together shape a digital image in the format of a graphical decoration, surface fill or cavity deposition [22]. Inkjet printers generally handle low viscosity materials; therefore, it is rather used to print drawing on flat products rather than in the case of the construction of complex food.

Temperature is an important factor in the ink jetting, as it can be used to modify the rheological properties and surface energy of the inks [6]. This technique has been applied mainly for to confectionary and decorations [22].

Binder jetting

Binder jetting is an additive manufacturing technique in which powdered material is distributed evenly across the fabrication platform, and a liquid binder sprays to bind two consecutive powder layers [23]. For each layer of the part, a layer of powder is spread typically using a counter-rotating roller. Afterwards, an inkjet print-head jets the liquid binding agent to the powder bed to create the 2D pattern for the layer [24]. This technique shows advantages such as fast fabrication and low material cost, however the objects that are obtained show rough surface finish, meanwhile the cost of the equipment is rather high [5].

Selective sintering

Selective sintering can be classified in two types in relation to the type of the sintering used: selective laser sintering (SLS), or selective hot air sintering and melting (SHASAM).

The principle of this technique is the same for SLS and SHASAM, which consists in using sintering source to fuse powder particles and form a solid layer [5]. Once the first layer is completed, a roller distributes a new layer of powder on top of the previous one. The object is built layer-by-layer, which is then recovered from underneath the powder bed [25]. The advantages of this technique are freedom to quickly build complex food items in a short time without post curing, however, the fabrication operation is complicated as many variables are involved [5].

The very first attempt to create 3D dimensional shapes with sugar was done using the CandyFab 4000, a homemade 3D printer based on particular version of the selective sintering process. CandyFab was based on a technology SHASAM, using a focused heat source that moved along a bed of sugar, it melted the particles together to create "caramelized" sculptures [26].

The Table 1 The authors presented that the semi-skimmed milk powder-based paste showed the best printing precision and shape stability. Shape stability after printing was linked with the yield stress of the paste. Oven drying is a successful post-processing technique.

[14]

Carrots + pears + kiwi fruit + broccoli raab leaves + avocado (blends)

This work showed that it is not still unable to predict the food behavior during printing. The 3D printed samples showed better appearance than the no-printed samples. The printed samples showed antioxidant capacity constant during storage, however the total phenolic content was reduced.

[15]

Potato starch + pea protein

The structural and physicochemical properties changed regularly with the increase in the pea protein content.

1 % of pea protein content was the best printing quality.

[16]

Hydrocolloids

This work showed hydrocolloids mixture concentrations that could fabricate structures with dimensional stability.

To obtain printed samples with height of 20, 40, and 80 mm without significant collapse, it was necessary hydrocolloids concentrations of 9, 11 9, and 13 %, respectively. The authors observed that the printability of foods can be predicted and classified by comparing its actual dimensional stability to simulation results.

[27]

Egg yolk and egg white + rice flour (blends)

Addition of rice flour (1:1 and 1:2 w/w) acted as a filler agent and showed significant effect on the improvement of stability and strength of printed materials with egg yolk and egg white.

[28]

Mashed potato

The authors evaluated the infill levels, infill patterns, and number of shell perimeters in the 3D printed samples.

Textural parameters as hardness and gumminess were strongly related to infill levels and perimeters, while firmness and Young's modulus were only affected by infill percentage. The authors concluded that using 3D printing technique is possible to obtain food with different textures.

[2]

Fish surimi gel + This work evaluated the sodium chloride addition in the behavior of surimi gels for 3D printing application. The [29] sodium chloride addition of salt allowed better slurry flow during extrusion and also better deposition and stability of the printed sample. The authors also obtained the ideal parameters for printing samples with good resolution, keeping the geometry more faithful to that stipulated by the software for the printed material.

Wheat flour dough + insect powder (Tenebrio molitor)

The authors studied the effect of insect powder addition in wheat flour dough to use in 3D printing technique. In this work, they evaluated the dough formulation, temperature and time of baking. A softer dough was obtained when it was added insect powder concentration up to 20 g/100 g (d.b.), and it caused an increasing of diameter, height and weight of snacks. This work also shows the optimization of baking conditions: 22 min and 200 °C. It was also observed that in this conditions there was a significant increase in the total essential amino acid.

[30]

Orange concentrate +

Wheat starch

In this work, the authors evaluated the wheat starch addition in orange concentrate to process in 3D printing. They obtained the optimal conditions of 3D printing and ink formulation to produce a printed sample with better resolution and textural properties. The best mastication results were obtained for 20 % of starch addition and the best 3D printing conditions was nozzle diameter of 1.5 mm, nozzle tip-print bed height of 1.54 mm, extrusion rate of 245 mm³/s , and nozzle moving speed of 35 mm/s.

[31]

Pectin + calcium chloride (CaCl2)
The authors evaluated the 3D printing parameters to print a series of cubic-shaped objects. They compared a simple and coaxial extrusion methods, the last one showed the inner flow with the food-ink and the outer with a CaCl2 crosslinking solution. This work evaluated the food-ink composition and the CaCl2 concentration. The printed objects showed good stability, the food-ink suffered gelation during the printing. Both methods resulted in objects printed with similar Young's modulus but other properties were considerably impacted by the printing method (for example volume). The coaxial method possibilities a control accurately the textural properties of pectin object.

[32]

Tomato paste

This work investigated a potential correlation between printability of the food-ink formulation and its rheological properties. The authors observed that to promote the extrusion, the pressure necessary increased linearly with increasing flow stress. It also observed that aqueous-based food formulations showed printability well aligned with the correlation of tomato paste; however, fat-based products showed different printing behavior.

[33]

Potato flakes

In this work, it was evaluated two different extrusion methods for 3D printing: screw and syringe-based. The screwbased 3D food printer showed a complex fluid characteristic, while the syringe-based 3D food printer showed simpler fluid characteristics that could be easy to adjust. Inks with high viscosity were not suitable for extrusion [START_REF] Guo | A comparative study between syringe-based and screw-based 3D food printers by computational simulation[END_REF] using screw-based 3D food printer.

Cassava starch modified by ozone

Gels produced by native starches and starches ozonated for 30 min showed good printability when the preparation temperature of gel was at 65 °C, but up to this temperature, the starch ozonated for 30 min produced gels with good printability. It was possible to print excellent geometries using gelatin at concentration 2, 6 and 10 %. No chemical cross-linking between protein subunits was noted with the addition of sodium alginate and gelatin. For other side, it was noted that the addition of these compounds improved the hardness and chewability of 3D printed geometries. [START_REF] Chen | Application of soy protein isolate and hydrocolloids based mixtures as promising food material in 3D food printing[END_REF] xanthan gum + spinach powder (SP)

This work evaluated the effect of spinach powder particle size on rheological properties and ink printing performance based on 20 % (w / w) spinach powder in 10 % (w / w) of xanthan gum gel. All formulations were printable. The larger particle size powder resulted in a more porous structure material with higher bulk density and higher value of storage module and loss module. Smaller particulate powder resulted in increased water and oil retention capacity but did not affect the water solubility index. Larger particles were efficient to improve mechanical strength. [START_REF] Lee | Effect of particle size on 3D printing performance of the food-ink system with cellular food materials[END_REF] Milk protein concentrate

+ sodium caseinate

The authors observed that increasing the total protein content in the matrix gradually transformed from a tangled state to a three-dimensional structure, which was beneficial for 3D printing. The apparent viscosity, yield stress, and thixotropic increased as protein content increased in the matrix.

[39]

Cheese

This work showed that 3D printing based on extrusion technique can result in structural changes in a cheese product. Cheeses prepared by the 3D printing technique showed lower hardness and higher meltability than untreated and melted cheese. Squares and complex stars could be printed using only cellulose, however the addition of konjac glucomannan resulted in printed material with structure more cohesive. The printed samples showed high porosity, but it maintained the integrity when handled and transported.

[41]

Selective sintering (SLS) Sugar SHASAN technology: complex system, limited materials, but it is capable to produce variable textures.

[26]

Nesquick TM SLS technology: wide range of materials are theoretically suitable. [START_REF] Van Bommel | 3D Food Printing: The Barilla collaboration[END_REF] 3. Future perspectives and challenges

General considerations

3D printing is a promising technology to develop customized foods. To perform an accurate and precise printing, three main aspects should be investigated: material properties, process parameters, and post-processing methods [6]. Beyond the challenge of knowing better the material properties of the food to be printed (mainly by rheology analysis), the development of new more performing "food ink" is one of the major bottlenecks that is facing the 3D printing technique. Improvements of the feedstock material to be used in this technique can improve the final properties of the printed material and enable large-scale application. For example, the use of non-traditional food materials such as insects [30] can be considered. Another option consists in modifying the chemical, physical, and biological properties of potential and promising natural-derived biopolymers in order to undergo a fast setting of the structure in the case of 3D printing by extrusion. As an example, Maniglia et al.

(2019) [START_REF] Maniglia | Hydrogels based on ozonated cassava starch: Effect of ozone processing and gelatinization conditions on enhancing 3D-printing applications[END_REF] observed that modified cassava starch by ozone showed better printability than the native one.

A recent and innovator study developed by Chaunier et al. (2019) [43] was carried out in the case of HME using wires of zein protein, an abundant material available in corn for example. In this study, an in-depth investigation has been carried out to better understand the impact of the thermomechanical and rheological properties required for the materials to be printed. This work yielded to the definition of a set of minima specifications for the choice and formulation of new polymer materials adapted to the material extrusion-processing.

Feeding technology to enhance the productivity

New feeding mechanisms for 3D printing has also been developed. [START_REF] Bollini | Bakebot: Baking cookies with the pr2. In The PR2 workshop: results, challenges and lessons learned in advancing robots with a common platform[END_REF] [44] patented a cooling device of 3D printer to help in the hardening of the printed material.

Moreover, futuristic technologies have been developed, aiming to bring the 3D printing technology to be used at home. For example, the use of 3D printing robotic systems that interact with traditional kitchen appliances and tools. For example, Bakebot at MIT's CSAIL used a PR2 robot to gather the ingredients for cookies, mix them together and put them into an oven for cooking [START_REF] Bollini | Bakebot: Baking cookies with the pr2. In The PR2 workshop: results, challenges and lessons learned in advancing robots with a common platform[END_REF]. Momentum Machines is another technology that is being currently developed, which are tailor made to each type of dish being prepared. Their burger making machine automatically grinds the meats, slices the veggies and produced a fresh hot custom burger on demand [START_REF] Hughes | Iron Chef: San Francisco getting World's first Robot-powered Burger Bar[END_REF]. More recently, in 2019, the company EKIM (France -https://ekim.fr/) has developed the "PAZZI", a robotized machine able to produce customized pizza able to produce around 60 personalized pizzas per hour.

Limitations for high productivity 3D printing

The mass flow rate of any 3D printer based on extrusion of a gel or based on hot melt is usually quite limited, meaning that mass production of foods using 3D printers is still to date a sort of futuristic concept unless a high number of printers are working in parallel together. In the case of simple extrusion (RTE -Room Temperature Extrusion), a first limitation comes from the fact that increasing the mass flow rate will yield an increase in the pressure drop of the printing die; in turn, default of the printed material will arise such as wrinkling (distortion) of the surface of the printed gel and defaults aspects of the printed system. Another drawback in increasing the mass flow rate is linked to the die-swell phenomenon as shown in Fig. 3b; this needs to be accommodated in the control of the x-y-z movement in order to master the shape and final volume of the printed structure. In particular, the linear displacement velocity of the printing nozzle must be adjusted to the effective velocity of the ink at the exit of the nozzle. A die-swell phenomenon will yield a reduction of the velocity of the ink for example. Last, RTE is often followed by a thermal process stage aiming at the stabilization of the gel (i.e. baking of a bread dough after deposition) or in a curing stage at constant temperature (e.g. gel currying caused by starch retrogradation for example); this adds a new operation in the global process making it not so "straight forward".

In the case of HME, which is very popular for material applications (e.g. 3D printing of objects made of a plastic wire), the material that is used is often either a material undergoing a phase transition during heating while flowing through the heated printing die resulting in an increase in hardness (e.g. starch gelatinization), or a solid material (e.g. plastic, chocolate) undergoing melting while travelling through the heated die and subsequent cooling after deposition. One of the limitations of 3D printing in the case of HME, is the mass flow rate and overall capability of such production system to achieve high capacity in terms of productivity. HME is based on the fusion of a material (e.g. plastic, proteins, chocolate…) or on the gelation resulting from a temperature rise (i.e. gelling of a starch suspension caused by starch gelatinization). In such system, which is among the most common one in 3D printing technology, the bottleneck is due to the heat transfer in the printing die. Most technologies use contact heat transfer with a heated printing die (usually a heated tube with a small diameter).

Considering a heating die with a circular section (diameter D), length L, and a plug flow configuration, computations have been done considering a heat diffusion model in a heated printing die at constant and imposed temperature at wall. The BALL model described in most books on food processing was used considering the average temperature for the computation (j parameter for mean temperature). One of the important parameters of the technology is coefficient of heat transfer coefficient (HTC) at the interface between the heated die and the material entering the die; the computations were done based on a perfect thermal contact (or imposed temperature) between the gel or the material undergoing heating and the heated wall.

A heat transfer coefficient of HTC = 10,000 W.m -2 .K -1 was therefore used. The diameter of most printing dies used in marketed equipment are in the range of 2 -3 mm maximum; it was assumed that above 5 mm diameter, a parabolic flow may develop resulting in a non-uniform fluid heat up and our computations were limited to die diameter between 1 and 5 mm. The computations done based on the above-mentioned assumptions have resulted in the graphs below (Fig. 3). 10,000W.m -2 .K -1 ) for mass flow rate of 5 and 10 mL/min, d) Computations showed the impact of increasing the die diameter (with constant length L = 20 mm) on the flow rate required to reach 50°C (initial temperature 0°C and surface temperature 100°C, heat transfer coefficient 10,000W.m -2 .K -1 ), e) computation of pressure drop in function of the length of the die (and therefore of the flowrate) showing a power law function. Increasing the die length yields more residence time and therefore gives access to a higher flowrate, but also to a higher shear rate, pressure drop and die-swell, f) new concept of miniaturized extruder to be used as a printing head in 3D printers for RTE or HME technologies developed by VISCOTEC (Töging, Germany) [START_REF] Lichtnecker | Produktschonendes Dosieren viskoser Medien[END_REF].

The graph c) shows the average temperature reached at the exit of the die (20 mm length) with an initial temperature of the "ink" of 0°C and wall temperature of 100°C. A larger diameter means more time needed for heat diffusion to take place. A larger diameter will also yield a higher temperature gradient between wall and center of the flow. In turn, increasing the die diameter requires to reduce the mass flow rate to reach high enough temperatures.

The second graph d) shows the impact of increasing the die diameter on the possibility in terms of increase of the flow rate while keeping the same objective of reaching 50°C at the exit of the die (average flow temperature). This plot shows that increasing the die diameter yield a progressive decline of the flow rate. Increasing the diameter of the die results in more time to heat up the fluid. The increase in the die diameter yield a reduction of the velocity proportional to the ratio of the cross section of the die (or ratio of the radius of the die to the square). At the same time, the change of the volumic flow rate requires a longer time to heat up the printing material; the characteristic time constant, which rules the heat transfer is approximately proportional to the square of the radius of the die. In other words, the increase in heating time required to reach the same level of temperature between two configurations with two different diameters is approx.. proportional to the ratio of the radius to the square (same as for the velocity). As a conclusion, the heat transfer appears as the limiting factor and increasing the die diameter is not a solution to increase the overall flow rate. A last graph e)

shows that eventhough increasing the length is a solution to reach a target temperature thanks to an increase of the residence time in the die, it also yields an increase in the pressure drop (calculated from the Darcy-Weisbach friction loss equation considering a cassava gel with a viscosity of 4200 10 -3 Pa.s). A longer die will therefore yield an increase in die-swell and more risk of wrinkling/deformation of the printed gel, which may be a technological drawback and may be not acceptable.

To put number on what could be the production of such system, the longest die (20 mm) would make a production of 0. (density is 1100 kg.m -3 ), which is very low. It would be challenging to envisage an industrial production with such numbers unless the printer is duplicated. As a conclusion, these very simple computations based on simple but realistic assumptions show that alternative technics than heated pipes should be used to heat up the gel or melt a material used in HME. We have shown in this section that whatever will be the geometry of a HME based 3D-printer, there will always be some limitations that will not allow to access to very high productivity, that will remain in the range of a few mL /min. The only realistic alternative is to use a volumetric heating system, either by internal heat dissipation or by using shear induced heating. As a result, exploring deposition principles for reducing the applied stresses and for accommodating volumetric heating is necessary; in this way, ohmic heating may be considered, such as the concept presented by Rouaud et al. ( 2019) [START_REF] Rouaud | Study of continuous cake pre-baking in a rectangular channel using ohmic heating[END_REF], who developed a printing head designed for 3D printing of pound cake with high flowrate. Microwaves may also be considered even though the tiny geometry of existing 3D printers (flow in channels of a few mm diameter) are not adapted to the depth of penetration of microwaves. Another alternative is to use a kind of miniaturized extruder such as the one presented in AACC-International congress in 2018 [START_REF] Fahmy | 3D Printing of cereal-based materials: On the relation between rheology and printability[END_REF], in EFFoST congress in 2019 [START_REF] Fahmy | Flow behavior analysis for 3D printing of starchbased systems: morphological imaging and multiple stage extrusion characterization through a rheometry imitation approach[END_REF] and also in TU Munich [START_REF] Lichtnecker | Produktschonendes Dosieren viskoser Medien[END_REF]. These works showed an endless piston or progressive cavity pump (PCP) design with an attached output die; this system has been developed by the company VISCOTEC (Töging -Germany) for dosage purpose. The authors present an analytical approach for modelling the resultant shear rates applied during the 3D printing process. Also, they presented the effect of the induced shear rates during 3D printing on the flow and rheological behavior of different cereal-based food systems. Their extrusion process consists of 2 stages of pressure driven flow which serves as a straight forward comparison to direct 3D printing extrusion, in addition to one stage of cavity pumping phase. Furthermore, this PCP is a non-pulsating positive displacement pump where it consists of a helical rotor and a twin helix stator. Due to its principle of operation, it offers low variation in the mass flow rate as the total displacement of the internal cavities is equal where it is used for shear-sensitive fluids. Last, in the case of sintering systems, which has not been discussed here, the power of the laser beam is one of the major bottlenecks to increase the productivity.

4D printing

In 2013, a research group at MIT initiated the term "4D printing technology" [START_REF] Tibbits | 4D printing: multi-material shape change[END_REF]. This technology is based on 3D printing technology, but requires additional stimulus and stimulusresponsive materials [START_REF] Momeni | A review of 4D printing[END_REF]. These properties enable changes in shape/property/functionality after printing, as a function of time after printing [START_REF] Khoo | 3D printing of smart materials: A review on recent progresses in 4D printing[END_REF]. Mathematical modeling has been developed for 4D printing process for three reasons: the prediction of the shape-shifting as a function of time; the prevention of collisions between components of the structure during selfassembly operations, and finally, reduction of the number of trial-and-error experiment [START_REF] Momeni | A review of 4D printing[END_REF].

This technique can be successful as in the production of smart foods that show, for example, color changes over time in the printed food indicating its decomposition stage [START_REF] Millen | The development of colour 3D food printing system[END_REF]. Other applications are developing based on evolution of the printed material with temperature, with ambient air humidity, external electric or magnetic field, or other external stimuli such as pH variation, light impact etc. One of the fast-growing applications concerns the drug delivery application. Specific material is developed, most of them being polymers with shape memory allowing either the trapping or most of the time the release of a compound entrapped in the initial 3D printed object. Thermo or Hydro reactive polymers or gels, photo reactive polymers, etc. are the kind of material being developed for 4D printed objects.

Finally, another big challenge for this field is that little knowledge still exists on the relationship between critical variables of the printing process and material structure to obtain the desired printed product [7]. Moreover, post-processing methods (i.e. baking, frying, cooking, etc.) should be kept in mind.

Conclusion

Three-dimensional (3D) food printing is a revolutionary technology that has aroused interest of different sectors in the academia and industry. This promising technology allows fabrication of intricate and personalized food design involving since texture, appearance until the nutritional profile. However, (3D) printing is minimally applied in mass production by the industry of food despite its advantages in terms of flexibility, precision, low waste generation and capability in terms of freedom in design [23]. The current 3D printing technology is indeed limited by cost, time, and amount of production on a large scale. Currently, this technique cannot be considered as a replacement for conventional food manufacturing, but rather as a way to produce customized foods as prototypes or small production with very specific geometries or functionalities in terms of textures, flavors, appearances and nutrition profile.

4D printing is offering a higher level of refinement and of possibilities with properties that will be time dependent after 3D printing of given objects or with properties that will be triggered by external stimuli such as temperature, air humidity, external field (magnetic, electric) etc.

As a final word, 3D/4D printing can be considered an innovative technology that offers new business opportunities for the food industry and new consumer experiences; its adoption as a mass production technology still requires a lot of efforts and investigations. 
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 1 Fig. 1. Number of publications with the keywords: food and 3D printing. Information found in the database "Science Direct" since 2013 until 2019
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 2 Fig. 2. Schematic illustration of the different 3D food printing technologies: extrusion (a), inkjet (b), binder jetting (c), and selective sintering (d).
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 35 Cassava starch modified by dry heating (DHT)Gels produced with DHT starches showed better printability than the native starch, in special the starch treated by heating for 4 h at 130 ºC.[START_REF] Maniglia | Preparation of cassava starch hydrogels for application in 3D printing using dry heating treatment (DHT): a prospective study on the effects of DHT and gelatinization conditions[END_REF] Soy protein isolate +hydrocolloids-based mixturesIn this work, the authors evaluated the rheology, printability and texture of mixtures of soy protein isolate with sodium alginate and gelatin. The presence of gelatin in the mixtures resulted in reduction of viscosity and elastic modulus at 35 o C. On the other hand, the rheological index increased rapidly as the temperature decreased to 25 °C.

  the suitability of starch for 3D printing. Each starch source showed one rheological behavior during the 3D printing and printed samples with different self-supporting property. A higher starch concentration [40] 11 158 resulted in an increase of yield stress, flow stress and storage modulus of the gel. An excellent extrusion processability and mechanical integrity was obtained for starch suspensions with concentrations of 15 -25 % (w/w) and heating at 70-85 °C. Lemon juice gel (sweet potato, potato, corn, and wheat starch) In this work, the authors evaluated the addition of different starch sources in the rheological properties of lemon juice gel to be used in 3D food printing. They used a POLYFLOW software to simulate the fluid characteristic of inks in the flow channel of positive displacement 3D printers under different technological parameters (viscosity, relaxation time, inlet volume flow rate ratio and nozzle diameter). This work provided a theoretical basis for 3D printing of food materials.Technique considered easy to work and it allows innovative shapes of decoration [

Fig. 3 .

 3 Fig. 3. a) schematic representation of a printing head working under extrusion process.The die may be heated in the case of the HME process. The re-expansion of the gel (dieswell)[START_REF] Aarts | Analysis of the flow instabilities in the extrusion of polymeric melts[END_REF] at the exit of the die is linked to the pressure drop inside the die, meaning that the phenomena will be increased with increasing flow rate, increasing the die length and by reducing the die diameter, b) The increase in flow rate of a polymer through a printing die will result in more deformation of the surface printed material; this is caused by a meltfracture phenomena caused by high elastic deformations, c) computations done with a heat transfer model showing the impact of the die diameter on the outlet average temperature of the ink (initial temperature 0°C and surface temperature 100°C, heat transfer coefficient

  42 kg/h (case of fig. e) with die length 20 mm and die diameter 2mm) or again 0.5 kg/h (case of fig. d) with die length 20 mm and die diameter 5mm

  Sun J, Zhou W, Yan L, Huang D, Lin L: Extrusion-based food printing for digitalized food design and nutrition control. J Food Eng 2018, 220:1-11. In this work, the authors showed a broad analyse and categorize published works pertaining to the extrusion-based food printing technique in order to determine its impact on food texture design and identify any related technical bottlenecks 2. Liu Z, Bhandari B, Prakash S, Zhang M: Creation of internal structure of mashed potato construct by 3D printing and its textural properties. Food Res Int 2018, Tutó X: Review of 3D food printing. Temes de disseny 2015, 31:104-117. 4. Lipton JI: Printable food: the technology and its application in human health. Curr Opin Biotechnol 2017, 44:198-201. 5. Sun J, Peng Z, Yan L, Fuh JYH, Hong GS: 3D food printing-An innovative way of mass customization in food fabrication. Int J Bioprinting 2015, 1:27-38. 6**. Liu Z, Zhang M, Bhandari B, Wang Y: 3D printing: Printing precision and application in food sector. Trends Food Sci Technol 2017, 69:83-94. In this work, the authors showed information regarding how to achieve a precise and accurate food printing. Moreover, it showed application of 3D printing in several food areas, as well as showed some proposals and a critical insight into the trends and challenges faced by 3D food printing. 7**. Dankar I, Haddarah A, Omar FEL, Sepulcre F, Pujola M: 3D printing technology: The new era for food customization and elaboration. Trends food Sci Technol 2018, 75:231-242.

Table 1 .

 1 presents some selected recent works (published in 2018 and 2019) involving Selected works involving different 3D printing techniques

	different	3D	food	printing	techniques.

8

The authors are grateful to the Région Pays de la Loire (France) / RFI "FOOD 4 TOMORROW" for funding the post-doctoral fellowship "STARCH-3D" of B.

In this paper, the authors established a classification system and underlying techniques to assess the printability of foods for 3D printing using hydrocolloids as reference materials.