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The checking and breakage of dry cereal products, such as biscuits, remains a challenge in the baking industry. Cracks are the precursors to breakage [START_REF] Kim | Some physical, mechanical, and transport properties of crackers related to the checking phenomenon[END_REF]. According to [START_REF] Manley | Manual 6 : Biscuit packaging and storage[END_REF], this phenomenon occurs rather quickly after cooling. These cracks generally appear at the centre of the products, making the product crumbly and likely to break completely during subsequent manipulations [START_REF] Manley | Manley's technology of biscuits, crackers and cookies[END_REF].

Several mechanisms would explain the appearance of cracks and breakage, according to [START_REF] Manley | Manual 6 : Biscuit packaging and storage[END_REF]; these factors are "dough piece forming", "cooling" and "high moisture differential". The detection of cracks and breakage remains visual. [START_REF] Whiteley | Biscuit Manufacture: fundamentals of in-line production[END_REF] indicates that this phenomenon is triggered beyond 24 h after baking. Biscuits low in fat (between 5 and 20% of the mass of flour) and sugars are more sensitive to checking. The same author indicates that a flour too rich in gluten contributes to an increase in the phenomenon. A solid fat combined with an emulsifier reduces the phenomenon due to a better dispersion of the fat in the matrix that limits the formation of the gluten network. This author recommends a very fine sugar to ensure good solubilisation of the aqueous phase at kneading, as well as the use of invert sugars. According to the author, the inverted sugar has a hygroscopic power that would help improve the diffusion of water during the heating phase or at the beginning of cooling.

Whiteley indicates that any chemical that leads to an increase in pH (neutral or alkaline) also appears to reduce the phenomenon [START_REF] Whiteley | Biscuit Manufacture: fundamentals of in-line production[END_REF]. [START_REF] Micka | Study of checking and pH in cracker and biscuit product[END_REF] estimates that the pH of the dough must be greater than 7.0 to influence cracking and reduce it.

In terms of the process, excess kneading increases the strength of the gluten network and should be avoided, according to Whiteley. A shorter and more intensive baking also seems to favour checking due to an increased risk of a moisture gradient between the centre and surface of the product [START_REF] Whiteley | Biscuit Manufacture: fundamentals of in-line production[END_REF]. The same author recommends slow cooling and packaging cookies while they are still hot. According to [START_REF] Cauvain | Bakery Food Manufacture and Quality[END_REF], in biscuits and crackers having a large surface compared to their thickness, it is inevitable that a water gradient is present in the product at the oven outlet. These same authors indicate that to reduce cracking, it is essential to maintain this gradient as small as possible by adjusting the cooking conditions, for example, by lowering the baking temperatures while increasing the cooking time. If the changes in baking conditions are not sufficient, the use of radiofrequency or microwave heating applied at the end of baking may be considered to reduce the moisture content gradient within the product [START_REF] Manley | Technology of biscuits, crackers and cookies -3rd edition[END_REF]. This state of the art has taken up most of the documents that we could find on the subject of the crack-breakage. When the problem is mentioned in key references, such as [START_REF] Dunn | Factors influencing checking in biscuits[END_REF], [START_REF] Whiteley | Biscuit Manufacture: fundamentals of in-line production[END_REF][START_REF] Cauvain | Bakery Food Manufacture and Quality[END_REF][START_REF] Manley | Manley's technology of biscuits, crackers and cookies[END_REF], precise solutions remain fairly general. Both the formulation and the process are concerned. The contraction phenomenon that occurs at the end of baking and during storage is linked to a thermomechanical effect on one hand and to a hydromechanical effect on the other. The data on these contraction phenomena from [START_REF] Kim | Some physical, mechanical, and transport properties of crackers related to the checking phenomenon[END_REF] indicate that the thermomechanical contraction is of much greater amplitude than the hydromechanical phenomenon. A thermomechanical deformation of 1% is obtained during cooling from 75°C to 25°C in 0.57% of the hydromechanical phenomenon, assuming a contraction imposed by a 0.5% water loss (d.m basis). These two phenomena yield in issues that explain checking and breakage. This study proposes a technique based on accurate moisture and temperature measurements during post-baking cooling and the subsequent storage. These measurements have been coupled with a hyperspectral imaging system in order to monitor the superficial moisture content of the biscuits (considering the different styles).

Materials and methods

Biscuit recipe

The biscuits were composed of (wet base) 62.8% wheat flour type 55 (Moulins Soufflet, Pornic, France), 16.1% crystallized powdered sugar with a moisture of 0.1 ± 0.0% db (Saint-Louis, France), 13.1% soft butter with a moisture of 18.5 ± 0.4% db (Président, France), 7.1% water, 0.51% salt and two leavening powders (0.2% phosphate and 0.2% ammonium bicarbonate). The final moisture of the short dough was approximately 20% db. The procedure for preparing the biscuits was as follows: the sugar, fat, salt, leavening powders and hot water (approximately 50°C) were first kneaded for 1 min at a speed of 1 (62 tr/min) and 2 min at a speed of 2 (124.5 tr/min) using a VMI mixer with a spiral tool (VMI BV422, Montaigu, France). Then, flour was added, and the batter was kneaded again for 3 min (1 min at a speed of 1 and 2 min at a speed of 2). The dough temperature after kneading was approximately 25.0 ± 3.0°C. Then, the biscuit dough was left to rest for 30 min at 30°C before starting the biscuit preparation in the biscuit rotary moulding machine (Fig. 1a) (PADOVANI, Rovigo, Italy).

Biscuit production

Twelve kilos of dough was prepared for each batch of products. This dough was crumbled above the hopper and then trained by a feeding cylinder to fill two biscuit prints: round written (RoB) and rectangular written (ReB). The biscuit dough pieces (44 pieces) were installed on each baking hob.

Temperature kinetics at the heart of the biscuits

The temperature evolution at the heart of RoB was monitored during cooking and cooling using two recorder boxes (OM-CP-OCTTEMP-A, OMEGA, USA, and DIGITRON THERMAPRO, UK, France), each equipped with four temperature sensors (K type thermocouple, OMEGA, USA -0.254 mm diameter). Among the 4 sensors, one was used to log the oven's ambient temperature. During two specific productions used to check the temperature homogeneity, the temperature sensors were placed in the biscuits located in the top, in the middle and in the bottom of four hobs (among the 5 baking hobs on which the biscuits were placed for analysis).

Biscuit cooking

The cooking of the biscuits was performed in a BONGARD ventilated oven (BONGARD Premio, Holtzheim, France). Preliminary tests yielded specific biscuits installation in order to prevent any over baking. Nine baking hobs were installed in the oven containing 35 biscuits of the same form. The 5 baking hobs placed in the middle of the stack of hobs were used for the analysis. Only 15 biscuits per hob were taken for analysis (from the central location in a given hob). As a whole, 75 biscuits (5x15) of the same form were considered for analysis.

Cooling and storage of the biscuits

The cooling of the biscuits was performed in still air for 10 min. After cooling, the biscuits selected for analysis were placed on specific biscuit holder "sample-trays" (Fig. 1b) designed for the automated NIR imaging system. Each biscuit was located in the same place and was not moved from its place. During cooling, the sample trays were placed in a polystyrene storage box at 20°C for 1 h after exit from the oven and were then placed in a black airtight box for storage. The storage times were chosen as follows:

For the visual counting of cracks, the biscuits were sampled at the exit from the oven (D0), each day for one week (D1, D2, D3, D4, D5, D6, D7) and then at day 28 (28 days after the exit from the oven, D28).

For the Karl Fischer and NIR studies, the biscuits were sampled at 10 min after the exit of the oven (t0), t0+10 min, t0+20 min, t0+30 min, t0+40 min, t0+50 min, t0+1 h, t0+1 h30, t0+2 h, t0+3 h, t0+4 h, t0+5 h, t0+6 h, t0+7 h, t0+8 h t0+24 h, t0+48 h, and t0+1 week.

Glass transition determination

The glass transition was determined using a TA Instrument Q100 calorimeter and high capacity TA Instrument cells in stainless steel with a heat-resistant seal. The equipment was calibrated with indium.

For the analysis of the glass transition temperature (Tg), 3 biscuits of each type (RoB and ReB) were recovered after 24 h of storage and crushed. Fifty milligrams of the ground material was introduced into the cell. The cell was then sealed with a heat-resistant seal, placed in the oven and maintained at 20°C for 10 min. A temperature descent of 20 to -80°C was performed at a rate of 10°C / min. The thermogram was then recorded during a rise in temperature from -80 to 180°C at a rate of 10°C / min. The reference cell was empty.

At Tg, the heat capacity of the sample increases suddenly, causing a need for power compared to the larger reference to maintain the heating rate. The difference between this sample and the reference resulted in a lowering of the curve on the thermogram. The change did not appear suddenly, but instead over a temperature range. The appreciation of the value of Tg was recorded in the middle of the slope to obtain a mean value of Tg.

Karl Fischer method (KF)

The Mettler Toledo Stromboli oven sample changer was used for this study. The Stromboli oven sample changer is a sample changer with an integrated drying oven for the automatic determination of total water, according to Karl Fischer. The water content of up to 13 samples, a blank value and a drift can be analysed in one single sample series. The Stromboli is especially suitable for insoluble samples. The water contained in a given sample is released due to a temperature rise in the drying oven and then transferred by means of an inert and dried purge gas to the titrator (volumetric KF titrator V30S), where it is analysed.

The samples are taken from the diagonal or diameter of the biscuits in the centre and on the periphery (Fig. 1c). For RoB and ReB, the sampling was performed using 10 mm and 12 mm diameter punches that were placed and weighed in Mettler Toledo bottles and sealed before the KF dosage. For these biscuits, the KF measurement was achieved at 115°C. The measurements were made in triplicate.

Acquisition and processing of the NIR hyperspectral images

NIR hyperspectral system

The hyperspectral images were acquired with a pushbroom hyperspectral imaging system (SPECIM, Oulu, Finland) consisting of a SWIR camera (SWIR-CL-400-N25E) with a spectral range of 1000-2500 nm, a spectral resolution of about 12 nm, an OLES 56 camera lens (SPECIM), an illumination source (halogen lamps) and a translating scanner. The system was controlled by LUMO® software. At the beginning of the experiment, a reflectance calibration was performed by recording a dark current image (0% reflectance) with an internal shutter and a white image using a reference standard close to 100% reflectance (Spectralon®). All images were acquired in reflectance, and the final image size for each kernel was 387 × ydim × 288. The first two values represented the pixel dimensions in the x and y directions (field of view of 9.8 × 6.3 mm with a spatial resolution of 250 µm), and the third value accounted for the number of spectral channels. An image was acquired in approximately twenty seconds.

The ydim varied according to the dimensions of the biscuits: 246 for the circular biscuits and 265 for the rectangular biscuits.

Data manipulation and pre-processing

The system acquired rectangular images, but most of the analysed samples usually did not cover all of the scanned areas. Thus, it was necessary to isolate the region of interest (ROI), e.g., the biscuit, from the background. An automatic segmentation was performed on the average image from each data cube. The resulting binary image had pixel values equal to 1 for the ROI and to 0 for the background.

The cube images were then unfolded in matrices defined as (I×J)×K in order to be adapted to bilinear chemometric models. In these matrices, only the rows associated with the region of interest were selected. In this way, new matrices T(m) with K columns were obtained, with variable numbers of rows (equal to the number of pixels of the corresponding ROI).

To remove noise, the spectral range of the spectra was reduced between from 1048 to 2303 nm. Prior to performing the multivariate analysis and the algorithm of crack detection, smoothing and standard normal variation (SNV) were applied to the data.

Data processing

All pixels from each cube-image of the biscuits were taken into account, and a mean spectrum was calculated. All the mean spectra were gathered in a matrix and submitted to a centred PCA algorithm, and the scores were plotted in a factorial map.

In a second step, the scores were calculated for all pixels by projecting a new image on the PCA model. These scores were refolded in the initial dimensions of the acquired image, a colour was associated with each score value and a score image was obtained. The intensities of the colours in the score images could be compared because the individuals (pixels) were projected in the same PCA space.

Results and discussion

Temperature at the heart of the product during baking, cooling and storage

At oven outlet the core temperature of the round biscuits reached 120 ± 6°C and of the rectangular biscuits 136 ± 9°C for each baking hob and at all locations of any given hob. The setpoint temperature of the oven was 210°C (Fig. 2). This temperature, which was higher than the boiling point of water, indicates that the sucrose syrup contained in the biscuits reached high concentration (around 90% according to [START_REF] Tressler | Boiling-point Elevation of Sucrose Solutions[END_REF]); this hypothesis is based on the assumption that the biscuit temperature is in equilibrium with the boiling point of the concentrated sucrose syrup contained in the biscuit. The biscuit's temperature passed 100°C within 4 min and reached a temperature of 105°C. This temperature is known to be the gelatinization temperature of starch in this highly concentrated matrix (determined by DSC analysis; data not shown in this study). From this point, the temperature increased at a slower rate and reached 120°C or 136°C after 9 min of baking. At t0, the biscuit temperature was between 46-53°C. The temperature drop was rapid until this point, followed by slower cooling. The biscuits reached the ambient temperature within 1 h for the round biscuits and 33 min for the rectangular biscuits. The rectangular biscuits rose higher in temperature and cooled faster than round biscuits due to their finer geometry. The curves presented for each shape of biscuit are averages, knowing that the results are very close.

Production of biscuits with high crack rates

Among the 2 shapes of biscuits produced by the rotary machine, RoB were the most subjected to breakage. These biscuits were also thicker than ReB (8 mm > 5 mm).

A visual count of cracks was first performed from 50 biscuits of each type at the exit from the oven (D0), one hour after the exit (D0+1 h), three hours after the exit (D0+3 h), five hours after the exit (D0+5 h), each day for one week after the exit (D1, D2, D3, D4, D5, D6, D7) and 28 days after the exit from the oven (D28). Before the first day (D0, D0+1 h, D0+3 h, D0+5 h), no cracks appeared. At D1, 89 ± 11% of RoB exhibited cracks, with a very rapid evolution to 91 ± 5% on D7 (average from 4 different production batches). In contrast, ReB did not show any cracks over the entire duration of storage. The crack rate was stable for all biscuits from the seventh day of storage; in fact, the rate was identical to that of D28. For the continuation of the work, RoB and ReB were compared.

The total water content was evaluated by the Karl Fischer method on the dough and on the biscuits some hours after baking. The average values of the dough used in the production of RoB was 19.4 ± 0.1% (g water/100 g dry sample) and the dough used in the production of ReB was 21.6 ± 0.4%. The humidity of global biscuit was 2.8 ± 0.3% for RoB and 1.3 ± 0.1% for ReB, respectively. This showed that the water content was significantly higher in RoB.

The products analyzed in this study had very low water contents (< 5%), and the glass transition temperature determined by differential enthalpy analysis was 86.7 ± 0.2°C for RoB and ReB, clearly showing that at room temperature, both types of biscuits were in a glassy state and thus exposed to breakage due to mechanical shock. However, RoB were the only biscuits in which breakage originated from the cracks appearing during storage.

A study of the local distribution of water between the centres and periphery of the product during cooling and storage was performed to understand why some biscuits experienced checking and others did not. The Karl Fischer study was combined with an automated NIR imaging system to monitor the water distribution at the centres and surfaces of the products.

Karl Fischer study

The Karl Fischer method measures the amount of total water (free and bound water) throughout the thickness of the biscuit. Sample 1 in Fig. 1c represents the centre (crumb + crust) of the biscuit, while sample 2 represents the periphery (crust) of the biscuit.

Round biscuit

Fig. 3a represents the water losses in percent (db) of RoB during cooling and storage. The starting point was the water content of the dough. Each measure utilized a different biscuit from the same recipe and production but had a different place in the oven, which explains the significant standard deviations. After baking, the losses of water were 13% and 17% in the centre and edge of the biscuit, respectively, corresponding to a difference of 4% at the end of baking.

During the first ten minutes following the exit from the oven (t0, start of cooling), several phenomena are occurring. First, water evaporates from the surface (crust of the biscuit). The cooling occurs first at the surface (crust) and then diffuses towards the centre of the biscuit.

Therefore, there is a temperature gradient between the surface and the centre of the biscuit, resulting in a higher vapour pressure at the centre, and thus, there is a water migration through the porous structures of the biscuit from the centre towards the surface (Fig. 4a).

In the second phase, i.e., until the end of the cooling, the vapour pressure tends to equilibrate between the centre and surface of the biscuit. In addition, the crust of the biscuit acts as a barrier to diffusion. As a whole, the biscuit stops losing water. The crust, which is dryer than the crumb, absorbs the water coming from the crumb during the early stages of cooling, resulting in an increase in the crust water content (Fig. 4b). After cooling, the temperature gradient between the centre and edge no longer exists, and the difference in the vapour pressure between the two parts of the biscuit vanishes. The biscuit can then be considered at equilibrium, but the water contents between the centre and the edge are still quite different (by approximately 3%). Therefore, the equilibration of the water between the crumb and the crust, as well as between the centre and the edge, continues during storage.

Eight hours after baking and during the first two days of storage, the biscuit traps the water available from the environment (Fig. 4c). The crust is in direct contact with the environment, resulting in a higher trapping of water compared to that of the crumb. The distribution of water tends to equilibrate and become homogeneous after 7 days.

At the exit from the oven, RoB exhibited a strong inhomogeneity in the distribution of water between the centre and the edge. A 3% difference was observed between the centre and edge during the first 24 h after baking. After 48 h of storage, RoB was almost homogeneous, mainly due to exogenous water trapping. Indeed, the moisture tended to increase slightly between t0+8 h and t0+48 h.

Rectangular biscuit

For ReB, water equilibrium was reached immediately after the exit from the oven, and after 7 h, the biscuit started to absorb external moisture at the edge and in the centre. A homogeneity in water content was observed for such biscuits along the thickness throughout the cooling step, as well as during storage (Fig. 3b).

Study by the automated NIR imaging system

In parallel, samples of the same production as those used for the Karl Fischer study were scanned by the NIR imaging system in order to monitor the possible evolution of the superficial NIR signal. The results shown are those of 3 round biscuits and 3 rectangular biscuits, representative of all the studies carried out, i.e. 3 productions and 3 analyzes per production.

An average spectrum in absorbance was calculated for each image (each biscuit was followed individually) at the same storage times as for the moisture study performed with the Karl Fischer analysis. The objective was to compare internal water repartition of the biscuit (KF analysis) with the water repartition at the surface of the biscuit observe by the NIR imaging system. Fig. 5a presents the results of a PCA study performed from the NIR images. The factorial map 1-2 is proposed, including the scores for all biscuits. Axis 1 explained 89% of the variability, and axis 2 explained 9%.

As a first remarkable result, all ReB were located in the upper part of the PCA plot, whereas all RoB were located in the lower part of the plot. In addition, the dispersion according to axis 1 shows that both kinds of biscuits progressed in the same way over time. Axis 1 is linked to the water wavelength; such evolution of the distribution of water over time was expected, and the PCA was carried out on the average spectra, i.e., considering that the entire surface of the biscuit was homogeneous (Fig. 5a).

Using the prediction model, it was possible to obtain false colour images for the 6 biscuits for each storage time (Fig. 5b). A colour gradient was observed between each biscuit: the colour scale went from dark red for the strong values to dark blue for the weak values. The first loading presented an intense broad band at 1947 nm. This peak corresponded to the variations of the combination O-H group of water or of starch [START_REF] Robert | Mid and near infrared study of carbohydrates by canonical correlation analysis[END_REF] ; [START_REF] Caporaso | Near-Infrared spectroscopy and hyperspectral imaging for non-destructive quality assessment of cereal grains[END_REF][START_REF] Cogdill | Single-kernel maize analysis by near-infrared hyperspectral imaging[END_REF] ; therefore, on the images that were rebuilt in false colours according to axis 1, the water content corresponded to the blue (lowest level) to red (highest level) colours. The magnitude of the NIR signal also permitted the measurement of the superficial water content located in the crust.

The differences that were observed between the round and the rectangular biscuits were clearly visible on the false colour images associated with the water signal. ReB had a much more homogenous water distribution on the surface compared to RoB; a dark blue colour distributed homogeneously over the entire surface of the biscuit was visible from time t0.

On the other hand, for RoB, there was a gradation from blue in the periphery to yellow in the centre of the biscuit, showing a no-homogeneity of the distribution of water on the surface of the round biscuit. The ReB and RoB biscuits behaved in the same way over time during storage. The crust trapped some moisture and became redder, reaching a dark red colour after 48 h of storage. On the other hand, a homogenous colour was obtained after 4 h of storage for RoB, corresponding to an isotropic superficial water distribution.

In the eigenvector associated with axis 2 (data not shown), we can observe four characteristic wavelengths of wheat starch: 1435, 2043, 2246, and 2263 nm.

The wavelength of 1435 nm corresponds to the vibration of the first harmonic of the O-H group of starch, characteristic of the decrease in the crystallinity of the starch and the increase of the amorphous zone (Wilson, Kalichevski, Ring, & Belton, 1987 ;[START_REF] Caporaso | Near-Infrared spectroscopy and hyperspectral imaging for non-destructive quality assessment of cereal grains[END_REF].

The wavelength of 2047 nm is attributable to the vibration of the O-H group of the starch [START_REF] Hansen | Shifting of -OH absorption bands on NIR spectra of esters[END_REF]. The broadening of this band and its high intensity are probably due to the intermolecular hydrogen bonds characteristic of the amorphous zones.

The wavelengths of 2246 and 2263 nm are associated with the combination vibrations of the O-H group of the starch.

The literature thus shows that amorphous starch seems to play an important role in explaining the variability obtained along axis 2. However, the second loading is complex, and it does have effectively positive bands that seem to be related to the amorphous starch, but other bands are difficult to attribute, making the interpretation quite complex.

In addition, the images reconstructed in false colour along axis 2 provide interesting information since they highlight the appearance of a crack at t0+5 h (Fig. 6c) that is only observed in the visible observation at t0+24 h.

Near-infrared imaging and Karl Fischer results

The combination of the two techniques NIR and Karl Fischer made it possible to highlight the inhomogeneity of the water distribution in the round biscuit. According to the results obtained by the Karl Fischer test, RoB had an inhomogeneity between the centre and the periphery during the entire cooling period, and even during the storage period, until 24 h (Fig. 6a). The study performed in Near-Infrared imaging also showed an inhomogeneity of the water distribution on the surface of RoB, which completely disappeared at t0+5 h (Fig. 6b).

These results show that the inhomogeneity of the water distribution within the biscuit was at its maximum at t0+5 h. Indeed, the biscuit had different water contents between not only the periphery and the centre but also between the crust and the crumb of the biscuit. The inhomogeneity of the distribution of water in the biscuit this affects all dimensions of the biscuit.

It is also interesting to observe that at this moment, a crack appeared according to axis 2.

In the case of ReB, the water was distributed in a completely homogeneous manner from the oven outlet not only between the centre and the periphery but also between the centre and the surface.

The strains that develop during post-baking are linked to two kind of gradient; temperature gradient occurring during cooling and moisture gradient due to the fact that the outer surface zone of the biscuit is dryer than the inside. Checking may occur if the stress resulting from the thermomechanical and/or hydromechanical strain passes the rupture stress. This later value is difficult to determine, meanwhile the measurement or the computation of the strain and stress would require a very specific study. The rupture stress is expected to be much larger in no-glassy state, meaning temperatures above 80°C [START_REF]Phase transitions in foods[END_REF]. The only reference presenting values of hydromechanical and thermomechanical expansion coefficient is [START_REF] Kim | Some physical, mechanical, and transport properties of crackers related to the checking phenomenon[END_REF] in the case of crackers over a temperature range of 75°C to 25°C. By using their values and computing the strain that would obtained during a cooling from 75°C to 25°C, a thermal contraction of 1% would be obtained, whereas the hydromechanical strain would be of 0.57 % assuming a cooling between the same temperature combined to a moisture change from 4.1 to 3.1% (db). It seems therefore that the thermal strain has more magnitude than the hydromechanical effect. However, the hydromechanical effect is may be more impacting on checking as it occurs over a long period of storage after baking, the product being in glassy state whereas just after cooling, the vitrification is may be partially covered.

Conclusions

In this study, we have shown that the thick biscuits considered for this investigation (RoB) exhibited checking within the first 24 h of storage following baking. The rectangular biscuits (ReB), which were much more uniform in water content due to a thinner profile and the presence of piercing performed before baking, did not show cracks until 28 days of storage.

This work also showed that the high inhomogeneity in the water distribution in the round biscuits evolved significantly during cooling and storage. Indeed, at 5 h of storage, there is a very high heterogeneity in the distribution of water from the surface to the center of the biscuit and from the periphery to the center of the biscuit (Fig. 6). It is also at 5 h storage that is highlighted according to axis 2 (related to the structure of the biscuit), the appearance of the crack on the images reconstituted in the false colours.

We can therefore link the appearance of the crack with the strong heterogeneity of the water distribution in the biscuit. In addition, ReB were especially homogeneous in their water distribution starting from the end of baking. The inhomogeneity of the water distribution in the round biscuit seemed to explain the appearance of cracks during storage.

These results confirmed that miniscule water gradients were involved in the biscuit checking phenomenon.

The mitigation of biscuit checking can be accomplished by reducing the moisture gradient in the thickness of the biscuit. This can be achieved by different solutions, such as a) water spraying on the surface of biscuits, b) applying a thermal treatment to complete the drying of the products (i.e., using microwave or radiofrequency treatment) and c) applying a thermal treatment in a confined condition in order to rebalance the moisture within the product before storage.
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