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The article propose an original bioengineering protocol (BPE) for thermo-dielectric behaviour prediction and an reverse bioengineering protocol (RBEP) for optimal tailored-end response based on controlled dielectric field distribution and optimal exergy balance in complex biological multi-layers structures (MLS).The prediction of MLS thermo-dielectric behaviour were proposed to be realise with an three biomarkers kit (water, sodium chloride, vitamin B12). The investigation of relationship between the polarization level and temperature profile and between the subsequently conduction effect and the reological parameters characterize the direct modeling of MLS dielectric response. The temperature profile and Laplacian stress pressure profile in MLS define the thermo-dielectric response correlated with designed dielectric antenna biomarkers chart. The temperature profile (the time-temperature history) was obtained by thermal transfer iteration using the Fourier law, as first order thermal kinetics model of heat distribution in radial slabs. The finite time and gradient assumptions were used in Fourier model for assessing the uniform volumetric heating rates. Controlled activation level procedures with screening of exergy distribution in dielectric field bio-captors was originally described in the current reverse bioengineering protocol for maximal thermal equivalent conversion of electromagnetic field energy. The MLS tailored-made response reached regulating the specific thermo-dielectric impact with MLS dielectric bio-captors (nano-particles with specific Curie point: iron/iron oxide, iron yttrium/iron yttrium oxide, zinc /zinc oxide) define the optimal reverse bioengineering protocol. An exergy optimization model was genuine proposed for efficient energy distribution in biological MLS (transfer, conversion and loose coefficient).

Introduction

The dielectric heating of biological MLS involves a complex thermo-dielectric response, non-submitted to a simple conventional heating model. The thermo-dielectric behavior prediction of complex biological structures during the dielectric field exposure is not completely develop for industrial processing control of thermal energy conversion and parameter/procedures selection for tailored endproducts. In the MLS exposure to the dielectric field, the electromagnetic energy distribution due to a volume heating in the biological structure depth, direct correlated with the radiation frequency. Subsequently, the electromagnetic field energy is converting in thermal energy through direct & selective molecular and structural interaction [START_REF] Basak | Influence of internal convection during microwave thawing of cylinders[END_REF]. The penetration depth of the dielectric fields into the MLS bio-structure determined the temperature distribution chart. The penetration depth (λ n ) is the depth inside the exposed MLS where the high-frequency field ( ) power dropped to 1/e or 36•8% of its initial (incident) value. In the MLS, the dielectric field wavelength ( ) decay in each layer (n) depending on dielectric constant ε′ per each structure, according to Eq.1 [2,[START_REF] Oliveira | Microwave heating of foodstuffs[END_REF].

Nomenclature

λ n = λ 0 √ε' (1) 
The temperature profile for a single homogenous layer was designed taking into consideration the power field dissipation ( ) in each n layer, calculated using the Power law equation [START_REF] Sun | Composition-Based prediction of dielectric properties of foods[END_REF], according to Eq. 2:

= 2

The dielectric characteristics ( dielectric loss factor, ε′ dielectric constant compared with absolute dielectric constant ) of single homogenous layer n determine the susceptibility to couple with the electromagnetic field with intensity, like in an antenna-model, and to convert in heat the absorbed energy [START_REF] Vintilă | The Prediction and Optimization of Microwave Field Distribution in MLS[END_REF][START_REF] Vintilă | Microwave field Distribution in Multi Layer Structures: a Bio-Engineering Molecular Model[END_REF].

The thermo-dielectric response to the field excitation was assessing by the radiation absorption capacity and thermal conversion coefficient.

The multi layers and multi phase's biological systems were characterized by specific thermo-mechanical gradients induced by high-frequency fields. The complex & unique bio-molecular mechanism of dielectric interaction is still an issue not completely described and kinetically predicted.

The reverse engineering was commonly use in performance industrial procedures applied to novel tailored functional foods technologies [START_REF] Nyfors | Industrial Microwave Sensors[END_REF][START_REF] Lau | Kinetics of chemical marker formation in whey protein gels for studying high temperature short time microwave sterilization[END_REF]. The most common approach in reverse engineering applied in thermal transfer involve the estimation of the surface heat flux distribution using temperature data collected versus time at various points inside processed structure with known thermal properties [START_REF] Kim | Principles and application of chemical marker of sterility in high-temperature-short time processing of particulate foods[END_REF].

The optimal reverse bioengineering protocol for MLS tailored-made response in controlled dielectric field distribution is an original concept proposed in this article for industrial technologies, with great relevance in targeted control of inhomogeneous structures behavior such biological ones.

The dielectric antenna model of bio-dipoles screening, designing the dielectric chart of antenna biomarkers, was use in thermo-dielectric behavior predicting model. In situ controlled heating with Curie-bio-captors were investigate in the second part of amplified exergy distribution model for maximal thermal conversion in MLS industrial dielectric processing.

Methodology

The current bioengineering protocol assesses the MLS response by temperature profile designing using biomarkers topography screening (Fig. 1).

The proposed biomarkers kit was compose from dipolar bio-molecules with the largest amount in biological tissues (layers): water, sodium chloride, vitamin B12.

In situ controlled dielectric activation level for tailoredend response using dielectric field bio-captors, as biomolecules with intrinsic temperature control (high lossy dielectric antenna compounds with specific Curie point), is the core of proposed reverse bioengineering model.

The optimal industrial processing in dielectric field were based on controlled dielectric field activation with biocaptors, as specific field receptors for maximal thermal equivalent conversion of dielectric field energy discharged in MLS.

The proposed model of dielectric field bio-captors for activation level control and maximal thermal conversion factor in dielectric field were composed from food compatible nano-particles with specific Curie point: iron/iron oxide, iron yttrium/iron yttrium oxide, zinc/zinc oxide.

In MLS transient stages, the relationship between ε′ and ε′′ was use to characterize the level of activation (bio-captors yield) and optimal discharging/conversion of pre-screened MLS antenna bio-captors chart.

The dissipation factor ε′′/ε′ represents the dielectric characteristic proposed as key parameter of dielectric behavior, quantifying the biomarkers ability to convert in heat the dielectric field energy. Furthermore, the thermomechanical proposed protocol combines the thermal analysis with the stress-deformation profile.

The temperature profile described by antenna biomarkers temperature chart represents the thermal analysis section. The structural deformation effect was assessing with displacement (stress-strain) profile design, complex viscosity & shear modulus measurements.

The finite element analysis was proposed to be applied for solving the heat transfer differential equation for accurate prediction of temperature profile. In the controlled field distribution the exergy chart distribution was correlated with MLS Curie bio-captors chart for reaching the desired MLS response and optimal field energy conversion. The finite time increments and constant gradient assumptions were use in a Fourier model for assessing the volumetric heating rates, considering the exponentially decaying of dielectric field power in MLS successive boundary reflections.

The temperature profile (time-temperature history) was obtained considering the rate of heating by absorbed energy of the dielectric field calculated with Fourier law for radial MLS with surface s, as presented in Eq. 3, and the boundary conditions presented in Eq. 4 [START_REF] Akarapu | Integrated modeling of microwave food processing and comparison with experimental Measurements[END_REF][START_REF] Romano | Modelling of microwave heating of foodstuff: study on the influence of sample dimensions with a FEM approach[END_REF].
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The power dissipation of dielectric field, measured in increment temperature )' at the incremental moment )*in the n layer inside MLS with density+, volume , and heat capacitywere quantify using Eq.5 [START_REF] Akarapu | Integrated modeling of microwave food processing and comparison with experimental Measurements[END_REF].
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In the controlled field distribution, the exergy chart is propose to be correlate with MLS Curie bio-captors chart for reaching the desired MLS response and optimal field energy conversion.

The dielectric field-antenna model of biomarkers chart in MLS

The thermal response depends upon the high-frequency field energy received at the molecular level [START_REF] Jia | Mathematical simulation of stresses within a corn kernel during drying[END_REF][START_REF] Nelson | Estimation of permittivities of solids from measurements on pulverized or granular materials[END_REF].

In the present model proposed for assessing the MLS dielectric response, the intrinsic control of temperature using antenna biomarkers chart (high lossy bio-molecules kit: water, sodium chloride, vitamin B12) insures the pointing of dielectric field captors at the molecular level.

The MLS response assessed with controlled temperature profile in a pre-screened antenna dipoles distribution chart and the dynamic thermo -rheological profile assessing of the non-antenna structures were the two principles of the present bioengineering protocol.

The dipoles and ionic compounds from MLS are considering as direct & preferential interaction partners or antenna-type receptors, responsible for field energy storage and thermal conversion trough the mechanisms of dipolar rotation, pearl chain polarization, resonance vibration, friction, ionic conduction.

The dipoles (free water, in principal) and asymmetric molecules (polar bio-compounds) are considering as antenna bio-structures, which absorb the incident field energy and produce the conversion in thermal energy via rotation and vibration effect.

The ionic migration towards the oppositely charged layers due to ionic conduction, collisions and disruption of hydrogen bonds, trigger the subsequent thermal effect.

The structural restriction factors in molecular mobility determined by the other non-polar layers affect directly the heating magnitude (level and rate of thermal effect).

The stress gradients distribution in MLS

In this moment, the prediction of thermo-dielectric behavior for inhomogeneous biological multi-layers structures at various field frequencies, temperatures and water content is The dielectric heating is a nonlinear phenomenon and, for this reason, the present article proposes an original modeling protocol for dielectric thermal effect assessing in terms of nonlinear equilibrium thermodynamics. The evaluation of effective dielectric field distribution inside a complex biological MLS is a difficult task and the associated energy distribution chart is difficult to be predicted in case of biological structures.

The dipole & polarizable compounds chart was correlate with the thermo-dielectric stress gradients distribution in MLS. The interfacial tension ( : ) permits an accurate measurement of the thermo-mechanical gradients distribution in MLS.

In this regards, the stress distribution governed by the thermal gradients effect in the transient stages of MLS was proposed to be described with Laplacian pressure gradient (∆ ) for the deformed part of the interface between layer n and n+1, calculated with Eq.6 [START_REF] Vintilă | Microwave field Distribution in Multi Layer Structures: a Bio-Engineering Molecular Model[END_REF][START_REF] Romano | Modelling of microwave heating of foodstuff: study on the influence of sample dimensions with a FEM approach[END_REF][START_REF] Rynanen | The electromagnetic properties of food materials: a review of the basic principles[END_REF].
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The complex viscosity (η * ) , calculated as angular frequency (ω) dependent viscosity( Eq. 7) was proposed as key rheological parameter for quantifying the structural changes occurred due to differential energy dissipation from those accumulated in the antenna structures [START_REF] Vintilă | Microwave field Distribution in Multi Layer Structures: a Bio-Engineering Molecular Model[END_REF][START_REF] Rynanen | The electromagnetic properties of food materials: a review of the basic principles[END_REF].
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The real part of the considered key parameter is the dynamic viscosity @ and the imaginary part @ ′ is the out-ofphase viscosity of each considered layer, calculated with Eq.8, considering the complex shear modulus (G * ) real (G ' ) and imaginary part (G '') . @ = C@@ D (8)
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The key dielectric parameter for thermo-dielectric behavior prediction

The dielectric processing is greatly influenced by the complex dielectric constant and the differences in heating rate between the layers [START_REF] Sun | Composition-Based prediction of dielectric properties of foods[END_REF].

In MLS, the dependency of dielectric properties (complex dielectric constant) from loss factor was non-linear with temperature [START_REF] Jia | Mathematical simulation of stresses within a corn kernel during drying[END_REF]. The rheo-dynamicity due to phase changes (e.g. dehydration, gelatinization, thawing) modify, also, the water mobility and ionic conductivity with temperatures.

In the present study, the dissipation factor ε′′/ε′ permits a clear prediction of the thermo-dielectric behavior only for the antenna compounds inside the MLS.

The polarization ability correlated with the resonance equilibrium defines the thermal efficiently profile in case of bio-antenna compounds.

The layers with highly dielectric absorption rate generate temperature gradients and thermal stratification.

The MLS dynamic behavior, due to particular interaction in time of dielectric field exposure, suggests the further necessity of a thermo-mechanical approach and dynamic rheological investigation of stress/deformation effects.

The MLS dynamic dielectric screening

The MLS thermo-physical properties (thermal conductivity, thermal diffusivity, and specific heat), the dielectric status of dielectric field bio-antenna (the dipole moment, the polarization degree), the dielectric field power and frequency of resonance (maximum absorption frequency) were the fundamental parameters considered in the screening of MLS polarizability potential.

The dynamic dielectric screening will be based on continuously monitoring of antenna field-biomarkers at molecular level with sensors of density (molecular mass), orientation and free water level in specific frequencies and temperature ranges. The relationship between the polarization level (0-100%, compared with the saturation degree) and temperature profile and between the subsequently conduction effect and reological parameters permit the direct modeling of MLS dielectric response.

The non-uniform temperature distribution in dielectric field produces a polarization which reaches its thermal equilibrium in the relaxation time. After the active interaction under direct high-frequency dielectric field energy, the antenna structures discharge irreversibly the accumulated energy. The heat conduction and interfacial polarization occur during the relaxation time (standby non-active processing).

The polarization under the pressure of electronic field is instantaneously and the present described protocol considers as entropy sources both the thermal conduction and the preferential interfacial polarization.

Bio-markers for thermo-dielectric kinetic investigation

The present modeling protocol proposes, as general biomarkers kit, tree representative bio-antenna molecules with large amount in biological tissues: water, sodium chloride and vitamin B12.

The key-parameters for MLS thermo-dielectric behavior assessing was selected as following: the complex dielectric constant (ε *) & dissipation factor, the complex viscosity & shear modulus and the dynamic specific heat in the MLS dissipative structures.

The dynamic interaction between dielectric field and MLS were proposed to be predicted with the complex dielectric constant and the dissipation factor.

The complex dielectric constant, calculated with Eq.9, reveals the dielectric structure behavior in dynamic phase changes (temperatures and mass gradients), depending on differential polarization level (layer refractive/reflective ratio or refraction index and resonance peak) and differential transferred energy.

ε * = ε @ + i ε '' (9) 
The thermo-rheological impact was proposed to be monitored & controlled with the complex viscosity, as key rheological parameter. The realignments of the particles trigger interface deformation and modify the interfacial rheological parameters. The increasing of the deformation rate decreases the shear viscosity and surface dilatational viscosity. The complex viscosity, complex shear modulus and relaxation time were investigated with frequency and temperature sweep tests, in isothermal condition. The difficulty of the process assessment and control due to the ultra-rapid thermally effect could be eliminated with the strict protocol strategy proposed in the optimized protocol.

The kinetics of biomarker changes was assessing using the Eq.10 [START_REF] Lau | Kinetics of chemical marker formation in whey protein gels for studying high temperature short time microwave sterilization[END_REF]:

EF E1 = "8G H -G) (10) 
First-order kinetics (n = 1) were proposed to calculate the kinetic parameters reaction constant and the activation energy (k, Ea) for biomarker incremental changes IG toward saturation G H .The yield of bio-markers during heating process related with the bio-marker yield at saturation was proposed to be determined with Eq.11 [START_REF] Pandit | Kinetics of chemical marker M-2 formation in mashed potato-a tool to locate cold spots under microwave sterilization[END_REF].
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The energy/exergy balance in MLS transient stages

The present protocol proposes a new approach in modeling and optimization of dielectric energy conversion and thermal energy/exergy balance designing for MLS transient stages.

During a solid-solid phase transition for a homogenous thermo-elastic material, both the displacement and the temperature fields are typically modeled as being continuous.

The jump in stress-strain and heat flux across the multiple phases was relating to linear momentum and energy balance on the phase interface in case of homogeneous elastic materials.

In reality, jump discontinuities occur across surfaces separating phases, as layers inside complex biological structures, with different physical state in phase transitions (e.g., the surface separating the solid phase from the liquid phase). In this case, a strain jump across a moving interface causes a corresponding discontinuity in heat flux.

For this reason, a combined model of similitude was proposed, with two equations for the stress-strain prediction in the interfacial layers.

The unsteady-state one-dimensional energy balance equation [START_REF] Ayappa | Two-dimensional finite element analysis of microwave heating[END_REF] in the n layer from the total l layers was considering in Eq.12.

+- E% E1 = " E Y % EZ Y + 8[) (12) 
The boundary conditions were defining by Eq.13 [START_REF] Ayappa | Two-dimensional finite element analysis of microwave heating[END_REF]. ' = '
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The inverse analysis technique, based on a strong coupling between the numerical modelling of thermo-rheological flow and an iterative optimization algorithm [START_REF] Gavrus | Identification of Rheological Parameters by Inverse Analysis[END_REF][START_REF] Gavrus | Rheological Analysis of Solid Polymers Using an Inverse Method Applied to a Finite Element Model of the Torsion and Tensile Tests[END_REF][START_REF] Vintilă | A General Computation Model Based On Inverse Analysis Principle Used For Rheological Analysis Of W/O Rapeseed And Soybean Oil Emulsions[END_REF], were proposed to identify the constitutive thermo-reological law parameters defining the MLS optimal behavior (Fig. 2) 
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Optimal Reverse Bio-engineering Protocol for enhanced field-induced absorption/distribution

The bio-molecular controlled enhancement of thermal performance in MLS dielectric processing will be lead with Curie-bio-captors structure/layers formed by nano-particles with specific Curie point: iron/iron oxide, iron yttrium/iron yttrium oxide, zinc/zinc oxide.

The Curie bio-layers permit a perfect intrinsic control of structure temperature history because under the specific Curie molecules show a high-energy loss and a strongly absorbance coefficient of field energy until the critical temperature (Curie point).

The structure thermo-dielectric status depending on nanoparticles distribution and intrinsic saturation level (critical point), temperature pattern correlated with dielectric behavior profile (dielectric susceptibility) was propose to design the amplified dielectric field energy conversion model.

The phase factor considered in the MLS dynamic thermodielectric assessment during the dielectric field exposure is establish according to Eq.14, using the dissipation factor (loss tangent tgδ) in Curie bio-layers, calculated with Eq.15 [START_REF] Hippel | Dielectric and waves[END_REF].
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The Exergy yield in controlled enhancement of thermal conversion with dielectric bio-captors

The exergy optimization model establishes the efficiency of exergy transfer & conversion and the exergy loose distribution, which permit a thermo-dynamical process optimization and control.

A new optimization approach was proposed using exergy analysis and exergy coefficient determination for quantification of thermodynamic phenomena and establishing the most effective ways of improving the MLS dielectric heating.

The ratio ΔEx/Ex0 was proposed to define the yield of exergy or exergy performance level, as thermal equivalent conversion indicator. The exergy is the work useful energy with complete capacity of transformation in any other form of energy (thermal energy, in principal, but in all other energy form, including anergy) [START_REF] Bejan | Adv Eng Thermodynamics[END_REF].

In the optimized energetic process, the exergy evolution is positive. The ideal trend is toward the maximum conversion of the initial exergy potential, including the anergy of nonresponding (neutral) dielectric molecules/structures/layers.

In an adiabatic process of transition from initial state toward saturation, Eq. 16 describes the exergy variations.

Δ O = O h -O = 8 h -) -' iZj 8k h -k ) (16) 
The loss of exergy l O in dielectric thermal conversion phenomena is directly correlated with the k value and the gain in entropy k, according to Eq. 17 [START_REF] Rynanen | The electromagnetic properties of food materials: a review of the basic principles[END_REF][START_REF] Bejan | Adv Eng Thermodynamics[END_REF][START_REF] Vintilă | Mass and Heat Transfer Coefficients Assessment, Optimization and Validation for Multiphase Food Systems under Transient Stages[END_REF].
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The key of exergy optimization is the overall screening of bio-captors exergy chart in amplified dielectric conversion procedures and the maintaining of l O / lk ratio in the positive area ( ΔEx / ΔS ˃1 ), based on gradients complementarity.

The thermal energy discharged by the antenna bio-captors were maximize considering the reference state of the biomarkers chart. The kinetic changes occur depending on time-temperature history and the exergy yield.

Furthermore, the spectrum of dynamic specific heat assesses the specific thermal conduction distribution toward tailored-end results in the relaxation time (standby).

The dynamic specific heat was associated with the thermal evolution of a material that undergoes the quasi-equilibrium energetic state in order to measure the exergy level in biocaptors structures. This one has a frequency dependency near the bio-captors Curie point [START_REF] Bae | Dynamic specific heat of KH2PO4 near the Curie point[END_REF] that permit to account the exergy changes during the pre-equilibrium fluctuations in the transient stages of MLS dielectric processing.

Conclusions

The thermo-dielectric behavior prediction with biomarkers and the controlling MLS response protocol for tailored endfunctionalities using food compatible bio-captors offer the possibility to conduct an accurate intrinsic control of thermomechanical transformation in situ (temperature profile, structural changes, desired texture, appearance, yield etc.).
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 1 Fig.1.Basic principles of MLS thermo-dielectric response assessing using the direct bio-engineering protocol (BPE) and tailored-response obtained using reverse bio-engineering protocol (RBPE)
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 1 Fig.1.Basic principles of MLS thermo-dialectical response assessing using the direct bioengineering protocol (BPE) and tailored-response reached using reverse bioengineering protocol (RBPE)
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 2 Fig.2. The inverse analysis procedure used to identify the thermo-rheological parameters of the MLS behaviour[START_REF] Gavrus | Rheological Analysis of Solid Polymers Using an Inverse Method Applied to a Finite Element Model of the Torsion and Tensile Tests[END_REF]