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Pepsin diffusion in cooked complex food is mainly driven by the dry matter content

Introduction:

Proteins as a valuable source of nutrition for human beings are increasingly studied for their gastrointestinal digestibility. Protein digestibility is a major index of protein quality because not all of the amino acids which are present in a food can be produced by human bodies for protein synthesis. The first stage of protein digestion is catalyzed by pepsin in the acidic environment of the stomach [START_REF] Floury | Exploring the breakdown of dairy protein gels during in vitro gastric digestion using time-lapse synchrotron deep-UV fluorescence microscopy[END_REF] [START_REF] Luo | Pepsin diffusivity in whey protein gels and its effect on gastric digestion[END_REF]. Pepsin is an aspartic protease with two aspartic acid residues at the catalytic site; and it prefers to cleave a peptide sequence containing phenylalanine, tyrosine, tryptophan and leucine residues [START_REF] Luo | Pepsin diffusivity in whey protein gels and its effect on gastric digestion[END_REF].

Cross-linking, racemization and heat treatment may decrease protein digestibility and consequently reduce bioavailability of amino acids. For instance, cooking especially when carried out at severe conditions, may decrease the bioavailability of proteins due to formation of disulfide cross linkages and protein aggregation which limits the accessibility of digestive enzymes such as pepsin to proteins [START_REF] Chapleau | Effect of pressure treatment on hydrophobicity and SH groups interactions of myofibrillar proteins[END_REF] [START_REF] Duodu | Effect of Grain Structure and Cooking on Sorghum and Maize in vitro Protein Digestibility[END_REF].

An existing consensus within the scientific community claims that disintegration of protein-based food particles would be manipulated by their structure [START_REF] Silva | Transport phenomena in a model cheese: The influence of the charge and shape of solutes on diffusion[END_REF] [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF] (Somaratne el al., [2019]) [START_REF] Floury | Exploring the breakdown of dairy protein gels during in vitro gastric digestion using time-lapse synchrotron deep-UV fluorescence microscopy[END_REF]. In other words, pepsin diffusion into food matrices and their subsequent breakdown are strongly correlated with the food matrix structure [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF]. In spite of several investigations done to make this claim clear, it still remains unknown and not systemically proved. This might be attributed to the lack of available techniques for visualization of the disintegration behavior of dense microstructures of food matrices during gastric digestion by pepsin However, it is now possible to quantitatively characterize food microstructure and digestive enzymes diffusion process within a given food matrix thanks to the recent advances in confocal laser scanning microscopy (CLSM) and in fluorescent tracers. Also, Fluorescence recovery after photobleaching (FRAP) has proved to be an efficient technique to follow up pepsin diffusion within solid and liquid model foods [START_REF] Silva | Transport phenomena in a model cheese: The influence of the charge and shape of solutes on diffusion[END_REF] [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF] [START_REF] Chapeau | The influence of cheese composition and microstructure on the diffusion of macromolecules: A study using Fluorescence Recovery After Photobleaching (FRAP)[END_REF].

In some investigations model matrices has been examined while the application of FRAP analysis on real food especially solid matrices remains rarely explored. For instance, Silva et al exploited FRAP analysis to measure the effective diffusion coefficients of macromolecules (from 4 kDa to 2 MDa) in the UF model cheese [START_REF] Silva | Transport phenomena in a model cheese: The influence of the charge and shape of solutes on diffusion[END_REF]. Also, a model matrix based on ultra-filtrated milk was investigated by to measure diffusion properties with FRAP technique. [START_REF] Lorén | Determination of local diffusion properties in heterogeneous biomaterials[END_REF] On the other hand, in one particular investigation done by Chapeau et al, FRAP technique was applied for the first time on real cheese, in order to investigate the relationships between molecular diffusion and its microstructure. It is noteworthy that diffusion of fluorescent-labeled dextran with different molecular weights was investigated in b-lactoglobulin solutions and gels over a wide range of salt and protein concentrations at pH 7 by combining confocal laser scanning microscope (CLSM) with FRAP [START_REF] Balakrishnan | Relation between the gel structure and the mobility of tracers in globular protein gels[END_REF].

The current research focuses on gastric proteolysis by the action of pepsin. The objective of this study was to determine how pepsin diffusion within a real food matrix is affected by the microstructure of the matrix. Using FRAP technique, the diffusion coefficient of fluorescentlylabeled pepsin was measured in four different types of food particles having only different dry matter compositions and hence different network densities. Four real foods (custard, pudding, sponge cake and biscuit) as lipoprotein matrices were designed to accomplish this task. The real food that we propose as a complex food matrix is based on an animal-plant source of protein accompanied with oil and sugar. Pea and wheat grains, accompanied with egg white as high nutritional quality foods are considered to be the animal-plant sources of protein. [START_REF] Saharan | Protein quality traits of vegetable and field peas: Varietal differences[END_REF] [START_REF] Yildiz | Monitoring the Effects of Ingredients and Baking Methods on Quality of Gluten-Free Cakes by Time-Domain (TD) NMR Relaxometry[END_REF] [START_REF] Donovan | A differential scanning calorimetric study of the stability of egg white to heat denaturation[END_REF].

It has been reported that a higher water content present a protein matrix can augment protein digestibility because it increases the accessibility of digestive enzymes to proteins (Correia et al., 2011). Nonetheless, pepsin diffusion coefficient as a function of food moisture content within matrices can support or reject this claim. CLSM imaging was applied to investigate the structural design of particles by distinguishing lipids, and proteins, and the auto-fluorescence areas in the structure. Image analysis were performed and qualitatively related to diffusion behavior of fluorescein isothiocyanate (FITC)-pepsin in these model food matrices.

Material and methods

Materials and pepsin labeling

Foods were formulated using wheat flour (Francine T45, Grands Moulins de Paris, Ivry Sur Seine, France), extruded dehulled pea flour (Sativa 32/100, Sotexpro, Bermericourt, France), powdered sugar (Saint-Louis Sucre, Paris, France), sunflower oil (Lesieur, Asnières-sur-Seine, France), standard pasteurized egg yolk and granulated pasteurized egg white powders (Liot, Pleumartin, France) and sterilized water. Fast Green, Nile Red, pepsin from porcine gastric mucosa and FITC were purchased from Sigma-Aldrich (St. Louis, MO, USA). The FITC-pepsin was dissolved in sterile water to a concentration of 50 mg/mL and used to investigate the diffusion rate of a chemically inert molecule within the particles. To validate the protocol, the FITC-pepsin solution was diluted 100 times to obtain diffusion coefficient of pepsin in water at 37°C. All reagents, unless specified in the text, were provided by Sigma and were of analytical grade.

Preparation and characterization of food matrices

Four different foods with identical dry matter composition were prepared performing whisking, mixing, cooking (180°C (30 minutes) for biscuit, sponge cake and pudding, 110°C (20 minutes) for Custard), and cooling and storage steps. Custard cooking was operated by a kitchen robot Thermomix® TM5 (Vorwerk, Wuppertal, Germany) while biscuit, sponge cake and pudding were cooked using a semi-professional convection oven (De Dietrich, Niederbronn-Les-Bains, France).

All foods contained 17% protein, 52% carbohydrate, and 30% lipid on dry basis. Custard was prepared just before experiments. Pudding, sponge cake, and biscuit were stored at -20°C until use and then defrosted at room temperature. Water content was measured for each matrix after cooking using oven dry method by following the method NF-V-04-282 AFNOR, 1985.

CLSM imaging

CLSM observation was performed using the ZEISS LSM 880 inverted confocal microscope (Carl Zeiss AG, Oberkochen, Germany) set at the magnification 40× (EC Plan-Neofluar objective, Oil, NA=1.30). Solid food matrices (biscuit, sponge cake and pudding) were cut to squares of 5 to 6 mm sides and 1 mm height and then transferred onto glass slides. The dimensions were measured using a digital caliper with accuracy of 1 μm. The protein network and fat components were stained using a 1% (w/v) Fast Green aqueous solution and a 0.1% (w/v) Nile Red 1,2-propanediol solution, respectively (Sigma Aldrich, St Louis, USA). Both fluorescent solutions were first mixed at a ratio 1:1. Then 6 µL of this mix was either deposited on the surface of the slice for solid matrices, or directly added to the custard. The samples were held at 20 °C for at least 30 min to permit the diffusion of the fluorescent dyes into the solid matrices. One drop of the labelled custard was deposited on a glass slide. A cover slip sealed with several adhesive frames (Geneframe, ABgene House, UK) was then added on the top of the slices, before observation using 405, 488 and 633 nm excitation wavelengths in sequential beam fluorescent mode, for auto-fluorescence, fat and protein detection respectively, at a 1.5 µs pixel dwell scanning rate. Red Nile and Fast Green were detected using a GaasP between 500 and 585 nm and a PMT between 635 and 735 nm, respectively. Autofluorescence was detected using a second PMT between 412 and 483 nm.

Micrographs had a resolution of 0.076 µm/pixel and were recorded in the samples at a constant depth of 10 to 15 µm from the glass slide. Images shown in this paper correspond to superimpositions of images of the same area observed separately with the three detectors, with proteins coded in green, fat in red and auto-fluorescence in blue. Aqueous phase and any gas bubbles in the slices may appear as black holes in the micrographs.

Pepsin labeling

For the FRAP analysis, pepsin was labeled with FITC according to the manufacturer's instructions as described in a previous study [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF]. The pepsin inactivation by the labelling reaction was checked by measuring the FITC-pepsin activity using hemoglobin (Hb) as the substrate according to the method described in [START_REF] Minekus | A standardised static in vitro digestion method suitable for foodan international consensus[END_REF].

FRAP analysis

Effective diffusion coefficients (Deff) of fluorescently-labelled pepsin were determined using an adaptation of the FRAP protocol described by [START_REF] Floury | First assessment of diffusion coefficients in model cheese by fluorescence recovery after photobleaching (FRAP)[END_REF] and [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF].

Food matrices were prepared on individual glass slides as reported before (2.3), and 3 µL of 50 mg/mL FITC-pepsin (40kDa) was added to the surface of the sample. To ensure fluorescent molecules migration from the surface of sample toward its bottom, samples were kept at room temperature (20°C) for approximately 30 minutes before measurements. For each matrix, three different samples were prepared separately to ensure the reproducibility of sample preparation.

The FRAP analysis was performed on the CLSM (Zeiss LSM880, Oberkochen, Germany). All diffusion measurements were performed at 37 °C. The FITC-pepsin was excited using argon laser system at a wavelength of 488 nm and detected on a 495-580 nm spectral bandwidth. The 488 nm argon laser was set to between 0.5 and 5% for imaging and 100% for bleaching step. The pinhole was set to 1 airy unit. Samples were observed at a constant depth of 15 μm from the sample surface using the 40× objective lens (oil immersion) with a numerical aperture of 1.30. The bleached region was a circular region within each image with a radius of 5 μm. A rectangle region was selected as the background.

The bleached region was scanned with 20 pre-bleach images, and then bleached with iterations followed by fluorescence recovery. A total of 480 images were captured during post-bleaching at 0.1 ms intervals until full recovery was reached. Ten FRAP acquisitions were carried out on different locations of each food matrix except the areas which contain lipid droplets and air bubbles. The protein network were preferred both as ROI and background. The coloration of protein network with FG which is explained in section 2.3 allowed to differentiate between different areas. Control FRAP experiments were carried out in the same conditions on water by the FITC-pepsin with a concentration of 0.5 mg/mL according to the method as described by [START_REF] Silva | Characterization of the microstructure of dairy systems using automated image analysis[END_REF]. Briefly, the fluorescent water (100 μL) was poured between a glass slide and a cover slip sealed with an adhesive frame (Geneframe, ABgene House, UK). Data were analyzed using the analytical method described in [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF] with the assumptions of pure isotropic diffusion in a homogeneous medium and a two-dimensional and Fickian diffusion process.

Analyses of the recorded images were performed using FIJI software and the effective diffusion coefficients (Deff) were obtained by data fitting via nonlinear least squares with RStudio software.

The reduced diffusion coefficient was calculated as the ratio of effective diffusion coefficient for the FITC-pepsin in matrices divided by the diffusion coefficient of the same probe in water.

Statistical analysis

One-way analysis of variance (ANOVA) and Tukey's paired comparison test were applied to the diffusion coefficient data of pepsin obtained with the four different matrices and the water control sample, in order to determine which mean values were significantly different from one another at the 95% confidence level. Spearman method is used to examine the significance of variables correlation. The statistical analysis was performed using R software (R 3.1.2. Project for statistical computing).

Results and discussion

3.1-Macrostructural assessment

Water content and cooking temperature variation among the samples significantly affected the macrostructure of food matrices (Figure 1).

Matrix

Cooking The biscuit which contained lowest water content (5, 56 ± 1, 5) and underwent a high cooking temperature (180°C) had a porous brittle structure. The sponge cake and the pudding which have been submitted to the same heat treatment but had different dry matter contents, looked like a dry porous and a wet porous gels, respectively. The custard which was submitted to the lowest heat treatment and contained the lowest dry matter, can be regarded as a thick liquid. These four complex food models contained three different sources of proteins: egg white, wheat and pea proteins. In biscuit and sponge cake, a gluten network was formed during mixing and disulfide bonds formed between cysteine residues were reinforced during cooking which resulted in a dry solid matrix [START_REF] Belton | Mini Review: On the Elasticity of Wheat Gluten[END_REF]. As a matter of fact, it has been reported that high temperature and low water content in matrix containing wheat flour results in aggregation of disulfide bonds and forming a compact network [START_REF] Shewry | Disulphide Bonds in Wheat Gluten Proteins[END_REF][START_REF] Fischer | Effect of extrusion cooking on protein modification in wheat flour[END_REF]. The brown color of biscuit and sponge cake crust was a consequence of non-enzymatic reactions, specifically the Maillard and caramelization reactions, which are absent in the two other matrices. The solid shape of pudding was attributed to the gelation of egg white proteins rather than to the formation of a gluten network. Indeed, the pudding was in a liquid form compared to biscuit and sponge cake which were solid before cooking, the denaturation of egg white proteins and formation of disulfide bonds could make it gel-like (Somaratne et al 2019). In the custard, although the egg white proteins were denatured and disulfide bonds were formed due to cooking temperature (110°C) which is highly above the denaturation temperature of egg white proteins (ovotransferrin, 62°C , Ovalbumin 75°C [START_REF] Hsieh | Gel Point of Whey and Egg Proteins Using Dynamic Rheological Data[END_REF] , the constant mixing in Thermomix ruptured the structure and it stayed as a thick liquid product. 

Microscopic observation

Confocal imaging of the four model foods are illustrated in Figure 2. The protein network represented in green was much more continuous in the microstructure of biscuit, followed by those of sponge cake and pudding compared to the microstructure of custard. This observation indicates that the water content played a remarkable role in the microstructural organization of food matrices. Wheat flour could develop a highly continuous gluten network, resulting in a proteindominated matrix which embedded oil and sugar. Likewise, egg white proteins were gelled in the sponge cake and the pudding. Lipid phase which consisted of sunflower oil and egg yolk is observed as small globular red droplets, surrounded by the protein network. In custard microstructure, rupture of gel-like network during mixing results in small and unconnected protein areas suspended (like colloids) in the aqueous media containing sugar. It is observed that lipid droplets in custard were surrounded by the aqueous phase rather than a protein network. It is known that gluten network is formed at the mixing stage even before cooking [START_REF] Belton | Mini Review: On the Elasticity of Wheat Gluten[END_REF]. Therefore, starch granules and egg white powder were confined within the gluten matrix during mixing. Starch gelatinization and egg white protein denaturation occur between 65 °C and 84 °C depending on various variables for both. These temperatures are lower than the cooking temperature of all matrices. Hence, it is presumed that lipid droplets and gas cells in solid matrices were captured within the matrix because of early stage formation of the gel-like structure during heating [START_REF] Donovan | A differential scanning calorimetric study of the stability of egg white to heat denaturation[END_REF] -Validation of FRAP protocol FRAP tests were performed to find out pepsin diffusion rates through food matrices at 37°C, which is the physiologically relevant temperature during human digestion. To validate the accuracy of the FRAP protocol performed at 37°C for the first time, the experimental diffusion coefficients of pepsin measured in water was first compared to its corresponding theoretical value.: Assuming that pepsin molecules in aqueous solution have a dynamical behavior similar to random walking particles, the theoretical diffusion coefficient (D) in water can be estimated using the Stokes-Einstein equation:

D = kBT 6πη Rh [Eq.1]
Where kB is the Boltzmann constant, T the absolute temperature (K), η viscosity of the medium (Pa.s), and Rh the hydrodynamic radius of the molecule (m). Given that at 37°C (310 K), water has a viscosity of 0.6915 mPa.s and at 20°C (293 K) its viscosity is 1 m Pa.s [START_REF] Braga | Intracellular Macromolecular Mobility Measured by Fluorescence Recovery after Photobleaching with Confocal Laser Scanning Microscopes[END_REF], the value of diffusion coefficient of pepsin in water at 37°C should be theoretically 1.53 higher than at 20°C. Somaratne et al ( 2019) measured the diffusion coefficient of pepsin in water at 20°C using the same FRAP technique and obtained experimental values equal to 104.5±10.7µm²/s. In the present study, we have obtained an experimental diffusion coefficient of pepsin in water equal to 137.55±14.61 µm²/s at 37°C, which is 1.31 times higher than the value previously obtained at 20°C. Experimental and calculated D ratios Dw (37°C)/Dw (20°C) were of the same order of magnitude, with a difference of 8.5% only. We considered that our results were therefore in line with the theoretical values and that the FRAP protocol was adapted to measure the diffusion of pepsin at 37°C. This estimation results showed that our results are in line with the theoretical values.

3.3-Effective and reduced diffusion coefficients of model food matrices

Typical fluorescence recovery curves with the FITC-labeled pepsin solutes in food matrices are presented in Fig. 3. Diffusion profiles along with selected FRAP images before, during, and after photo-bleaching revealed distinct profiles for each matrix (Fig. 3). As it is shown in the images, the protein part (appears in white) is selected as ROI for all the matrices, since the FITC-pepsin is hydrophilic and could not it diffuse inside the lipidic droplets.

Nearly complete fluorescence recovery for all the curves was observed, suggesting isotropic diffusion of fluorescent molecules within the matrices. The effective diffusion coefficients obtained from the modelling of the experimental data are summarized in Table 2. It has been reported that pepsin is inactivated as a result of a completely irreversible alkaline denaturation in a narrow pH range, between pH 6 and pH 7 which is the labeling condition [START_REF] Kamatari | Structural dissection of alkaline-denatured pepsin[END_REF]. Moreover, the pH value of the matrices are definitely higher that the pH required for activity of pepsin (optimal pH around 2 and largely decreasing when the pH increase from 3 to 5 and completely inactivated after pH value equal to 6. (Cornish-Bowden, Knowles, 1969) [START_REF] Piper | pH stability and activity curves of pepsin with special reference to their clinical importance[END_REF]) [START_REF] Kondjoyan | Modelling of pepsin digestibility of myofibrillar proteins and of variations due to heating[END_REF]. Thus, FITC-pepsin diffusion did not affect the microstructure of the matrices, and the reported values of pepsin diffusion in this study represent the effective diffusivity value within the "native" matrices. Different letters represent statistically significant differences (p<0.05).

In agreement with the fluorescence recovery curves, we observe an increase in diffusion coefficient of FITC-pepsin with augmentation of water content regardless to the cooking condition (Figure 4). However, the large difference between the effective diffusion coefficient in custard and the other three matrices can be attributed to the difference in their microstructure: liquid versus gelled to solid aggregated cooked products. In all these matrices, the Region of Interest (ROI) chosen for the FRAP experiments, has been positioned in an area of the sample containing the proteins, located thanks to the Fast Green fluorescent dye (Figure 2). The results can be interpreted as an estimation of the protein network density in the different matrices which is in agreement with the results of Thévenot et al, which in pepsin diffusion is hindered by increasing the concentration casein in dairy gels as a consequence of aggregation of proteins. Also, it has been shown that the Pepsin is a small globular molecule with small hydrodynamic radius (add a value and corresponding ref) and its concentration was constant in all matrices. The remarkable difference between pepsin diffusion coefficients in custard (48.5 ± 24.4) and in biscuit (2.0 ± 2.1) can be attributed both to the much higher amount of water available in the custard and also to the different microstructure with the formation of a highly continuous and densely packed protein network in the biscuit compared to the liquid custard. Very high standard deviation of the values were obtained for the effective diffusion coefficient of FITC-pepsin in custard. Indeed, in this product, the kinetics of fluorescence recovery during the FRAP experiments were highly dependent on the location of the ROIs. As mentioned before, despite an aggregation of the egg white proteins could have occurred during the heat treatment, the subsequent mixing step avoided the formation of a gel-like structure but led to a highly heterogeneous liquid suspension. The large variability of the effective diffusion coefficients of FITC-pepsin in custard can therefore be explained by the high heterogeneity of the structure of this product, which contained protein aggregates, lipid droplets and sugars, all suspended within a serum pool (Figure 2D). Indeed, despite an aggregation of the egg white proteins could have occurred during the heating step of the custard, the subsequent mixing step avoided the formation of a gel but led to a highly heterogeneous liquid suspension.

No statistical significant difference (p>0.05) is observed between average effective diffusion coefficients of FITC-pepsin in the pudding and sponge cake. In fact it is not so surprising because their dry matter content is of the same order of magnitude (difference less than 10%) and they both showed a similar gel-like protein microstructure (Figure 2B &2C) in which the pepsin diffusion was hindered by the mesh of the network [START_REF] Thévenot | Pepsin diffusion in dairy gels depends on casein concentration and microstructure[END_REF].

The reduced diffusion coefficient values of FITC-pepsin in different matrices is presented in table2. The matrices diffusion coefficients compared to water allow us to highlight their order of magnitude. For instance, a ten-time reduction is observed for pudding and sponge cake, while for biscuit the value is almost 100 times lower. This can be interpreted as a result of the high aggregation disulfide bonds during cooking with low water content in biscuit. Therefore, the protein hydrolysis by pepsin is hindered by low mass transfer in this matrix.

Figure 5 shows that pepsin effective diffusion coefficient is negatively correlated to the dry matter content of the matrices following an exponential order which can be explained by the obstructionscaling model proposed by Amsden et al which describes the restricted movement experienced by a solute moving through a homogenous hydrogel. The model is based on the premise that the diffusive process is affected by the physical obstruction [START_REF] Amsden | An Obstruction-Scaling Model for Diffusion in Homogeneous Hydrogels[END_REF]. The rank correlation between dry matter and effective diffusion coefficient is estimated by spearman method and the value -0.79 is obtained. 

Conclusion

This study is the first report on the microstructural differences of complex food model matrices This study also showed that pepsin diffusivity within the solid particles is mainly conditioned by the dry matter content of the product. Indeed, it controls the density of the protein network and therefore the amount of solvent phase, trapped in the microstructure and available for the solute diffusion. Thus, the lack of protein network of the custard exhibited significantly a higher rate of FITC-pepsin diffusion than the three other matrices.

In conclusion, these results suggested that pepsin diffusion in complex food matrices can be modulated by the microstructure of the matrix which is in agreement with both experimental results from previous investigations and the theoretical model such as obstruction-scaling model proposed by Amsden. Such knowledge could assist to understand the effect of complex food microstructure on digestion kinetics for desired health outcome. However, in the present work, we have studied the diffusion behavior of inactivated pepsin, due to the labelling with the fluorescent dye and being far from the pH required to activate pepsin. We contributed to better understanding of the digestion process and particularly gastric phase using an engineering approach that requires the physical parameters like the pepsin diffusion coefficients in the food particles.

This Knowledge may be used further to predict the digestion of solid food in general, from proteinbased food to more complex food structures. During gastric digestion, pepsin is active and therefore its diffusion through the matrix might be accompanied by the disintegration of the food particles, and thereby might strongly influence the further pepsin mobility. Future research should therefore focus on the effect of pepsin activity on further pepsin diffusion within the food particles microstructures in the course of digestion.
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Table 1 .

 1 Cooking time and temperature for different matrices and the results of water content

		temperature and duration	Water content after cooking( gr in
			100 gr matrix)
	Biscuit	180°C -18 minutes	5,56 ± 1,59
	Sponge cake	180°C -30 minutes	38,29 ± 3,48
	Pudding	180°C -20 minutes	48,26 ± 1,70
	Custard	110°C -20 minutes	68,44 ± 0,05

measurements. (Values are means ± SD)

Table 2 .

 2 Effective diffusion coefficient (Deff) and Reduced diffusion coefficient of FITC-pepsin values in different matrices with reported dry matters values. Values are means ± SD (n=30).

	Pre-bleach Bleach (0s) Post-bleach (2.73s)