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Introduction

Chocolate is a high-quality product composed of cocoa butter (CB) which is mainly responsible for the physical and sensorial properties of chocolate, including mouthfeel, cooling sensation and gloss [START_REF] Beckett | The science of chocolate[END_REF]. Fats other than CB, known as cocoa butter alternatives, can be used to replace CB and to process chocolate for economic and/or technological reasons. These fats include lauric and non-lauric fats, and their selection should be done prudently to avoid well-known defects as blooming and softening of the chocolate [START_REF] Wang | Blooming in cocoa butter substitutes based compound chocolate: Investigations on composition, morphology and melting behavior[END_REF][START_REF] Mokbul | Cocoa butter alternatives for food applications[END_REF]. The studies of fat crystallization are of great scientific and practical importance because a good understanding of the crystallization phenomenon allows obtaining final chocolate-based food products with the desired characteristics including stability upon storage. Fats are composed of various triacylglycerols responsible for the final structural functionalities. The composition and structure of triacylglycerols (length, number, position, and configuration of double bonds in the fatty acid chains) allow the formation of different crystallized structures in the solid state and give rise to polymorphism.

Cocoa butter is a natural fat obtained from cocoa seeds (Theobroma cacao). Compared to other fats, CB has a very simple fatty acid composition as it is largely composed of stearic acid (C18) (35%), oleic acid (C18:1) (35%), palmitic acid (C16) (25%) [START_REF] Timms | Confectionery fats handbook[END_REF] and a much lower amount of linoleic acid (C18:2) (3%). CB has also a very simple triglycerides composition with three predominating: 1-palmitoyl-2-oleoyl-3-stearoyl-glycerol (POS), 1,3-distearoyl-2-oleoyl-glycerol (SOS), 1,3-dipalmitoyl-2-oleoyl-glycerol (POP).

CB is solid at room temperature (below 25°C) [START_REF] Jahurul | Cocoa butter fats and possibilities of substitution in food products concerning cocoa varieties, alternative sources, extraction methods, composition, and characteristics[END_REF]. CB is a fat that is assumed to exist under six different polymorphic forms, named I to VI [START_REF] Wille | Polymorphism of cocoa butter[END_REF], defined by sub-cell structure and chain-length packing. Form I (sub-α-2L) and form II (α-2L) have a hexagonal sub cell, form III (β' 2 -2L) and form IV (β' 1 -2L) have an orthorhombic-perpendicular sub cell while forms V (β 2 -3L) and VI (β 1 -3L) have a triclinic-parallel sub cell. Copra oil (CO) is obtained from the hot pressing of dried kernel of coconut. It is mainly composed of saturated fatty acids (90-95%) [START_REF] Burnett | Final report on the safety assessment of Cocos Nucifera (coconut) oil and related ingredients[END_REF]. Copra oil is a natural source of medium-chain fatty acids (C12 to C14). Lauric acid (C12) is the medium-chain main fatty acid of CO (44-52%) and depends on the variety of coconut. CO also contains myristic acid (C14) (17-19%), capric acid (C10) (6-8%) and traces of long-chain fatty acids such as palmitic acid (C16) and stearic acid (C18). The dominant triglycerides in CO are trilaurin (LLL) (23%), 1-caproyl-2,3-lauroylglycerol (CLL) (20%), 1,2-lauroyl-3-myristoyl-glycerol (LLM) (17%) and 1-lauroyl-2,3-myristoyl-glycerol (LMM) (10%) [START_REF] Marikkar | Effect of fractional crystallyzation on composition and thermal behavior of coconut oil[END_REF]. The high amount of lauric acid present in coconut oil results in melting properties over a narrow range of 24-29°C [START_REF] Norberg | Chocolate and confectionery fats[END_REF]. CO has one stable polymorph called β'-2L as reported by [START_REF] Sonwai | Crystallization kinetics of coconut oil in the presence of sorbitan esters with different fatty acid moieties[END_REF].

Blending fats and oils with different physical and chemical properties allows the obtention of new physical properties, such as solid fat content, thermal behavior, viscosity, and textural characteristics [START_REF] Jirasubkunakorn | Effects of variation in the palm stearin: Palm olein ratio on the crystallisation of a low-trans shortening[END_REF][START_REF] Danthine | Physicochemical and structural properties of compound dairy fat blends[END_REF][START_REF] Bootello | Evaluation of high oleic-high stearic sunflower hard stearins for cocoa butter equivalent formulation[END_REF][START_REF] Ramli | Physicochemical properties of blends of palm mid-fraction, palm stearin and olive oil: Physicochemical properties of oil blends[END_REF][START_REF] Hashempour-Baltork | Vegetable oil blending: A review of physicochemical, nutritional and health effects[END_REF][START_REF] Liu | Comparative analysis of graded blends of palm kernel oil, palm kernel stearin and palm stearin[END_REF][START_REF] Jahurul | Thermal properties, triglycerides and crystal morphology of bambangan (Mangifera pajang) kernel fat and palm stearin blends as cocoa butter alternatives[END_REF][START_REF] Neves | Physicochemical characteristics of anhydrous milk fat mixed with fully hydrogenated soybean oil[END_REF]. Blending leads to new molecular interactions between triglycerides of the blended fats and miscibility of triglycerides is therefore questioned. The molecular interactions and specific structures of triglycerides may complicate crystallization and melting behavior, crystal transformation, and morphology, overall due to the phase behavior of the mixtures. In the liquid state, the miscibility of triglycerides is almost ideal. In the solid state, three phase behaviors may occur: solid macroscopically homogeneous phase occurs for compatible fats while incompatible fats lead to eutectic crystallization, i.e. a melting point at a lower temperature than expected, and compounds formation occurs when there are specific interactions between fats [START_REF] Timms | Physical chemistry of fats[END_REF]. Eutectic systems shift to monotectic systems when the difference in the melting point of the two components is 20°C or more. Solid solution phases and eutectic phases are the most commonly observed in many binary triglycerides blends [START_REF] Sato | Crystallization behaviour of fats and lipids -A review[END_REF].

Fat phase behaviors have been investigated by researchers using pseudo-phase diagrams [START_REF] Timms | Physical chemistry of fats[END_REF]. For understanding the compatibility of mixed fats, isotemperature and isosolid phase diagrams are constructed with solid fat content (SFC) measurements [START_REF] Danthine | Physical and textural characteristics of hydrogenated low-erucic acid rapeseed oil and low-erucic acid rapeseed oil blends[END_REF][START_REF] Bootello | Evaluation of high oleic-high stearic sunflower hard stearins for cocoa butter equivalent formulation[END_REF][START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF][START_REF] Danthine | Physicochemical and structural properties of compound dairy fat blends[END_REF] and differential scanning calorimetry (DSC) phase diagrams are constructed with melting profiles [START_REF] Joshi | Comparative study on mixing behavior of binary mixtures of cocoa butter/tristearin (CB/TS) and cocoa butter/coconut oil (CB/CO)[END_REF][START_REF] Inoue | Solid-liquid phase behavior of binary fatty acid mixtures[END_REF][START_REF] Jana | Phase behavior of binary blends of four different waxes[END_REF]. The latter also illustrate the compatibility but reflect the polymorphic transitions without knowing their molecular arrangement. Therefore, to depict more accurately both fat compatibility and crystal transformation, a recent phase diagram has been constructed from DSC and X-Ray Diffraction (XRD). [START_REF] Yoshikawa | Binary phase behavior of 1,3distearoyl-2-oleoyl-sn-glycerol (SOS) and trilaurin (LLL)[END_REF] adopted DSC and XRD to acquire the phase diagram of pure triglycerides 1,3distearoyl-2-oleoyl-sn-glycerol (SOS) and trilaurin (LLL), from which the authors could highlight polymorphic transition and inter-solubility behavior. Up to date, this type of complete diagram gathering polymorphic transitions and molecular arrangement has never been applied to complex fat mixtures. We therefore aim at applying it to the mixture of cocoa butter and copra oil.

A wide range of studies on the phase behavior of cocoa butter/lauric fat mixtures, including copra oil, can be found in the literature [START_REF] Ali | Melting and solidification characteristics of confectionery fats: Anhydrous milk fat, cocoa butter and palm kernel stearin blends[END_REF][START_REF] Williams | Mixtures of palm kernel oil with cocoa butter and milk fat in compound coatings[END_REF][START_REF] Quast | Physical properties of tempered mixtures of cocoa butter, CBR and CBS fats[END_REF][START_REF] Ribeiro | Hardfats as crystallization modifiers of cocoa butter[END_REF][START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF][START_REF] Joshi | Comparative study on mixing behavior of binary mixtures of cocoa butter/tristearin (CB/TS) and cocoa butter/coconut oil (CB/CO)[END_REF]. The most advanced researches on cocoa butter and copra oil mixing behavior are those realized by [START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF], who have proposed an isosolid phase diagram, and more recently by [START_REF] Joshi | Comparative study on mixing behavior of binary mixtures of cocoa butter/tristearin (CB/TS) and cocoa butter/coconut oil (CB/CO)[END_REF], who have constructed a DSC phase diagram. However, the effect of long-time storage on cocoa butter/copra oil blends has not been studied yet. Indeed, researchers of these two studies focused on short-time crystallization process (IUPAC-standardized tempered crystallization done by [START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF] and a 24h crystallization at 22°C studied by [START_REF] Joshi | Comparative study on mixing behavior of binary mixtures of cocoa butter/tristearin (CB/TS) and cocoa butter/coconut oil (CB/CO)[END_REF]). Because of the low diffusion rate in the solid phase, a longer time at constant low temperature (called stabilization procedure) may allow the solid phase composition to reach its equilibrium value [START_REF] Wesdorp | Liquid-multiple solid phase equilibria in fats: Theory and experiments[END_REF]. In this context, we believe that looking at the incompatibility of those fats over a longer crystallization time is of utmost importance and will bring novelty in this field.

The main objective of the present work was therefore to thoroughly investigate the mixing phase behavior of binary blends composed of CB and CO after short-time crystallization and after being subjected to aging for 30 days at 4°C. The behavior of fat blends on a larger time scale is also very important for applications as food products are generally not consumed just after crystallization, but rather after a storage time and are expected to keep their functional and sensory attributes over the whole shelf-life. 30 days crystallization process at 4°C was therefore chosen herein since foodstuffs can be stored for several days to months in a fridge. CO was mixed with CB in different proportions and the physicochemical properties and melting characteristics of the non-aged and 30 days-aged binary blends were studied using various techniques. NMR was used to study solid fat content and to construct an iso-temperature diagram to investigate compatibility. DSC and XRD were employed to analyze melting properties and polymorphic forms of the mixtures at 4°C and during subsequent heating. As a consequence of this study, gathering all the results obtained by the numerous methods, we propose the very first complete pseudophase diagram on CB/CO fat mixtures, as well as the impact of 30-day storage thereon. We think this work can bring new understanding insofar as the problems of chocolate shelf life are mainly linked to the evolution of the crystallization of the fat that composes it, namely cocoa butter.

Materials and methods

Materials

Cocoa butter (CB) and copra oil (CO) were supplied by Valrhona (Tain L'Hermitage, France) and Cargill (Hamburg, Germany) respectively. The fatty acid composition of the two fats was determined by gas chromatography by ITERG (Pessac, France). CB was composed of 37% unsaturated and 63% saturated fatty acids. CO was a refined vegetable solid fat with a ratio of 9% unsaturated and 91% saturated fatty acids. Supplementary data 1 gives the fatty acids and triacylglycerols composition of cocoa butter and copra oil. CB consisted mainly of palmitic, stearic, and oleic acids. Also, linoleic acid was present in a remarkable amount. CO consisted mainly of lauric, myristic, palmitic, caprylic, and capric acids.

Preparation and crystallization of fat blends

The binary mixtures (w/w) of CO in CB were prepared in 10% increments from 0 to 100%. Appropriate weight compositions of the melted fats were mixed at 60°C in a clean, dry, and plastic vessel. Non-aged samples were statically crystallized in a thermostatically controlled chamber at 4°C and stabilized for 90 min. Aged samples were statically crystallized in a thermostatically controlled chamber at 4°C for 30 days.

Pulse Nuclear Magnetic Resonance

The solid fat content (SFC) is the ratio of crystallized fat in a solid/liquid blend. The determination of solid fat content in CB/CO blends was performed using a low field pulsed nuclear magnetic resonance spectrometer (Minispec-mq20, 20 MHz, Bruker, Karlsruhe, Germany). Automatic calibration was made daily by using three standards (supplied by Bruker) containing, respectively, 0 %, 31 %, and 73 % of solid. The SFC of 4°C-crystallized tubes were measured, and then the tubes were stabilized for 30 min at each test temperature (10, 15, 20, 25, 30, 35, and 40°C) prior to NMR measurement. Measurements of SFC were done in duplicate. Each sample was measured in 4 scans with a recycle delay of 2 s, a gain value of 53 dB and a correction factor f of 1.55. SFC profiles of CB/CO binary blends were constructed for decrease in SFC over temperature. Iso-temperature diagrams were drawn at constant temperature values.

Differential Scanning Calorimetry

The melting profiles of CB/CO binary blends were determined with a Perkin-Elmer differential scanning calorimetry (DSC 8500, Perkin Elmer). Calibration was made with indium (melting point = 156.6 °C, melting enthalpy = 28.45 J/g) and cyclohexane standards (melting point = 6.47 °C) at scanning rates of 5 °C/min. Sample of 6-8 mg was placed in an aluminum pan and hermetically sealed. An empty aluminum pan was used as reference. CB/CO mixtures with increasing amounts of CO (10% increments) were heated at 60°C for 20 min, quenched at 4°C, and stabilized for 30 days in a thermostatically controlled chamber. After aging, samples were heated in the DSC from 4°C to 60°C at a rate of 5°C/min. The measurement was repeated on three different samples for each CB/CO mixture. The melting thermograms obtained were analyzed for the peak temperatures and melting enthalpies using Pyris software. Deconvolution was used to extract peak temperatures of the hidden peaks and was performed using Origin 8.5 software. The DSC spectrum was deconvoluted using the Gaussian fitting function.

X-Ray Diffraction

The polymorphic form of the fat crystals in the CB/CO blends was determined by X-ray diffraction. A Xenocs Xeuss 2.0 operating under vacuum and equipped with a GeniX-3D microsource (λ = 1.54 Å) and a Dectris Pilatus 300k detector was used for XRD measurements. CB/CO mixtures with 20% increments in CO, previously melted at 60°C, were introduced into 1 mm diameter capillaries. They were crystallized by a rapid transfer from 60°C to 4°C (called quenching) and then stabilized for 30 days. The samples were then analyzed at 2θ angles of 1.2°-29°, from 4°C to 40°C using a Peltier cooled sample holder.

Diffractograms are obtained without background subtraction or intensity normalization. Raw data images were processed with the software Foxtrot, a Java-based graphical application developed by Xenocs and Synchrotron SOLEIL. The polymorphs of fat crystals were determined according to their short and long spacing characteristics.

Statistical analyses

All analyses were performed at least in duplicate and values were presented as means with standard deviation (mean ± SD). Comparisons were analyzed using a one-way analysis of variance followed by a pairwise student-test with R software. Differences with p-values <0.05 were considered to be statistically significant.

Results and discussion

Phase diagram by NMR of non-aged and aged mixtures

The solid fat content (SFC) is a parameter that expresses the solid/liquid ratio of a fat that can be evaluated at different temperatures. SFC profiles were used to compare the melting properties of the nonaged CB/CO blends (Fig. 1.a). SFC of all blends decreased significantly as temperature increased. Among all fats, SFC of pure CB was the highest between 4°C and 40°C. Pure CB had a very high SFC at low temperatures (about 94% at 4°C) and then sharply melted over a narrow temperature range (20-35°C) as described by [START_REF] Metin | Crystallization of fats and oils[END_REF]. Pure CO showed a lower melting temperature compared to pure CB. The difference in solid fat profiles can be explained by the different triglycerides' composition of the two fats: CO is rich in short-and medium-chain triglycerides, which have lower melting points than the long-chain triglycerides of CB [START_REF] Karabulut | Effects of chemical interesterification on solid fat content and slip melting point of fat/oil blends[END_REF]. The high content in long-chain triglycerides of pure cocoa butter could be the main contributor to its high solid fat content in the whole temperature range. Regarding CB/CO mixtures, blends containing 40%, 60% and 80% of CO reached lower solid fat contents at lower temperatures compared to the two pure fats.

The SFC values for non-aged CB/CO blends (dashed lines) and 30 days-aged CB/CO blends (smooth lines) at different temperatures were plotted as a function of the proportion (% w/w) of CO addition in the mixture, resulting in isothermal binary diagrams shown in Fig. 1.b (dashed lines). For non-aged CB/CO blends, from 4°C to 10°C, the gradual addition of CO to CB resulted in a decrease in solid fat content in the blends. Above 10°C, SFC values were no longer proportional to CO addition and were lower than those reported for individual pure CB and pure CO. These results showed that the two solid fats were not completely compatible at high temperatures (above 10°C) and therefore resulted in an eutectic effect. The eutectic effect was more evident between 15°C and 20°C, with the most pronounced occurring at 60% CO addition, as reported by [START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF]. The eutectic behavior (solid fat content depression) and incompatibility of CB and CO can be explained by the weak-co crystallization of the long-chain triglycerides of CB and short-, medium-chain triglycerides in CO, plus the differences in polymorphic forms of the two fats [START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF].

The isothermal binary diagrams of CB/CO blends after being subjected to aging for 30 days are shown in Fig. 1b (solid lines). The evolution of solid fat content after 30 days of stabilization at 4°C can be seen in this figure. At 4°C, SFC values of non-aged and aged CB/CO blends were not statistically different.

However, from 10°C to 25°C, SFC values were significantly higher for aged-CB/CO blends. This significant increase of SFC values during aging, for blends containing less than 80% of CO, leads to a new eutectic point, with others CB/CO proportions. While this eutectic behavior was noticeable at 20°C for 60% of CO, after aging this eutectic behavior is still visible at 20°C but for 80% CO added to CB. This shift of the eutectic composition could mean that either crystal networks densified, or polymorphic transition occurred during the aging process of 30 days at 4°C. Such results highlighted the importance of stabilization by aging to attain equilibrium solid content. Analyses of SFC after 20 days of stabilization showed the same SFC profiles as the ones obtained after 30 days of stabilization for all CB/CO binary mixtures (data not shown), showing that the equilibrium has been reached. 

Thermal properties of aged-CB/CO blends by DSC

Concerning phase behavior studies, it is important to first investigate and understand the thermal behavior of pure fats and blended fats. Thermal properties, such as melting peaks, phase transition, melting completion provide details of a variety of complex reactions between fats [START_REF] Oliveira | Chemical interesterification of blends with palm stearin and patawa oil[END_REF].

4°C-aged CB/CO blends thermal properties were measured using DSC and the obtained melting thermograms are shown in Fig. 2. The temperature of the phase transition points and melting enthalpies of the samples are summarized in Table 1. When CO content increased from 10% to 70% in the blend, the peak at 22.8°C was still visible but decreased towards lower temperatures (from 22.8 to 18.1°C). The intensity of CB melting peak decreased, and its position similarly moved gradually towards lower temperatures from 29.5 to 25.3°C.

The melting thermogram of blend 20/80 CB/CO was different. Indeed, the highest temperature peak (corresponding to CB's very stable polymorph) was not visible anymore. Only one large peak at 22.2°C shadowed with a small shoulder peak at 19.8°C could be observed on the thermogram:

-The shoulder peak at 19.8°C seemed to correspond to the melting peak of CB crystals, existing in the blend in a less stable polymorphic form, -The large peak at 22.2°C corresponded to the melting of CO crystals.

These DSC results pointed out that the 20/80 CB/CO blend had the lowest melting enthalpy and melting temperature completion (T mc = 24.5°C) compared to others CB/CO blends. This confirms the results obtained with NMR that the 4°C-aged eutectic blend is 20/80 CB/CO.

DSC melting thermograms allowed the accurate determination of melting points of CB/CO binary blends.

The attribution of polymorphs melting temperature was completed with X-Ray Diffraction, described in the following paragraph.

Polymorphic Phase-Transition using XRD of non-aged and aged mixtures

The polymorphic structure of non-aged and aged CB/CO blends at 4°C have been studied using XRD.

X-Ray diffractograms of non-aged (dashed lines) and aged samples (solid lines) at 4°C are given in Fig. 3. X-Ray diffractograms of both SAXS (Small Angle X-ray Scattering) and WAXS (Wide Angle X-ray Scattering) configurations for CB/CO blends were displayed. Non-aged and aged samples exhibited similar polymorphic structure at 4°C. Pure cocoa butter exhibited three diffraction peaks in the WAXS profile at 4.2 Å, 4.6 Å and 3.87 Å, corresponding to β' 2 orthorhombic structure (form III) [START_REF] Hicklin | Combining microscopy and physical techniques in the study of cocoa butter polymorphs and vegetable fat blends[END_REF][START_REF] Wille | Polymorphism of cocoa butter[END_REF]. The CB_β' 2 melting peak obtained with DSC at 24.5°C matches with the melting peaks of the β' 2 structure reported by [START_REF] Wille | Polymorphism of cocoa butter[END_REF] at around 25.5°C. The SAXS profile analysis allowed characterizing the longitudinal packing organization of triglycerides. For cocoa butter, several peaks occurred from 47 Å to 8.0 Å, characteristic of a bilayer packing. The first order 2Ld 001 reflection, corresponding to elementary packing, is observed at 47 Å. The peak at 23.5 Å was assigned to the second order of the 2L structure (d 002 ) and the peak at 15.9 Å to the third order of the same structure (d 003 ). Pure copra oil also exhibited three diffraction peaks in the WAXS profile at 4.3 Å, 4.14 Å and 3.8 Å, and SAXS profile revealed the d 001 reflection at 33 Å, characteristic of the orthorhombic β'sub-cell structure with 2L packing as reported by [START_REF] Liu | Visualized phase behavior of binary blends of coconut oil and palm stearin[END_REF].

When adding 20% CO to CB, in SAXS experiments two peaks at long distances were visible at 45 Å and 38 Å. The first peak was identified as the first order reflection corresponding to the 2L longitudinal stacking structure of cocoa butter's triglycerides. The second peak, a shoulder peak at 38 Å, was attributed to the 001 reflection corresponding to the 2L longitudinal stacking structure of copra oil's triglycerides. Then, the gradual addition of copra oil in the mixtures led to a decrease in the intensity of the peak at 45 Å and a shift from 45 Å to 43 Å, as well as an increase in the intensity of the peak at 38 Å and its shift to smaller distances at 33 Å. This means that addition of copra oil led to the decrease of the CB crystals' reticular distance and thus the rearrangement of triglycerides into a denser and more packed nanostructure. From WAXS spectrum, three diffraction peaks at 4.6 Å, 4.18 Å and 3.8 Å were visible.

These peaks were characteristic of the β' 2 form of both cocoa butter and copra oil. Both fats showed peaks at the same distances at wide angles, so it was not possible to differentiate the characteristic peaks of CB and those of CO, and to determine whether they together formed this crystal sub-cell structure, or each crystallized individually. The gradual addition of CO to CB in the blends caused the decrease of intensity of the peak at 4.2 Å, which also became larger, encompassing distances of 4.3 Å to 4.13 Å characteristic of pure CO. It should be noticed that for the peak at 3.8 Å, characteristic of both CO_β' and of CB_β' 2 , the addition of copra oil led to an increase in its peak intensity, until reaching its maximum intensity for the mixture containing 20% of CB and 80% of CO.

Polymorphic structure of non-aged and aged CB/CO blends was also studied with XRD upon heating in order to investigate possible phase transitions as a function of temperature. Fig. 4 depicts the SAXS and WAXS spectra of 4°C-aged CB/CO blends taken during heating from 4°C to 40°C. Results of non-aged CB/CO blends are reported in Supplementary data 4.

As mentioned above, pure 4°C-aged CB displayed by SAXS and WAXS, peak-pattern of a β' 2 -2L crystal structure at 4°C. During subsequent heating, by WAXS, the 4°C peak-pattern started to decline and separate at 22°C. The new 22°C peak-pattern was characterized by major peaks at 4.3 Å and 4.17 Å and was specific to the β' 1 sub-cell structure (form IV) [START_REF] Hicklin | Combining microscopy and physical techniques in the study of cocoa butter polymorphs and vegetable fat blends[END_REF][START_REF] Wille | Polymorphism of cocoa butter[END_REF]. A third peak-pattern appeared, replacing the second one from 24°C to 28°C. This pattern is characterized by several and numerous peaks (5.4 Å, 4.68 Å, 3.98 Å, 3.85 Å, 3.75 Å and 3.65 Å), ascribable to the occurrence of CB_β 2 triclinic (form V) [START_REF] Hicklin | Combining microscopy and physical techniques in the study of cocoa butter polymorphs and vegetable fat blends[END_REF][START_REF] Wille | Polymorphism of cocoa butter[END_REF]. Meanwhile based on the SAXS profiles, during subsequent heating, new peaks (including d 001 =62 Å and d 002 =31.2 Å) appeared at 24°C. The first peak was identified as the first order reflection and the second peak as the second order reflection, corresponding to the 3L longitudinal stacking structure of cocoa butter's triglycerides. This peak pattern related to 3L packing seen by SAXS started to disappear at 36°C. Therefore, during heating, several polymorphic events were reported and attributed to transformation of CB crystals from β' 2 -2L to β' 1 -2L to β 2 -3L. This observation agreed with DSC melting curves fitted with Gaussian function.

For CO melting profiles, the sharp peaks observed by SAXS and WAXS related to β'-2L polymorph at the initial stage of heating started to decline smoothly from 6°C before disappearing at 24°C. This observation agreed with the unique and large endothermic peak noticed in DSC measurements.

For the SAXS profiles of blend 80/20 CB/CO, two main peaks at 45 Å and 35 Å were observed at the initial stage of heating. During subsequent heating, the CO-specific peaks decreased their intensity from 4°C and disappeared at 14°C. In contrast, the CB-specific peak slowly decreased from 4°C to 16°C, accompanied by the recrystallization of CB_3L starting from 18°C. This phase transition seemed in good agreement with the first melting peak observed in DSC measurements. The resultant CB_3L peaks were observed at 60 Å (attributed to the 001 reflection of CB_3L) and 30.6 Å (attributed to the 002 reflection of CB_3L) and attenuated from 22°C to 32°C before disappearing at 34°C, as confirmed by DSC with the second-high melting temperature peak. In the meantime in SAXS spectra, low-intensity CB_2L peak at 41.1 Å was still visible from 22°C to 38°C before disappearing at 40°C. As it has already been reported by [START_REF] Sadeghpour | Global small-angle X-ray scattering data analysis of triacylglycerols in the molten state (Part I)[END_REF], residual scattering on heating can happen above 37°C for cocoa butter. This low intensity peak corresponded to remaining lamellar structures related to 2L structures which can still be seen at high melting temperatures. Corresponding to the SAXS profiles, the WAXS profile presented three major peak patterns at 4°C. These three peaks, characteristics of the β' 2 sub-cell structure of CB and the β' sub-cell structure of CO, decreased their intensity from 4°C to 14°C. The 4.18 Å peak started to separate at 16°C into two new peaks at 4.3 Å and 4.2 Å. This separation is attributable to the recrystallization of CB_β' 2 -2L crystals in CB_β' 1 -2L, who rapidly transformed into CB_β 2 -3L crystals at 18°C. With further heating, CB_β 2 -3L peak at 4.54 Å developed until 22°C before disappearing at 34°C.

From 40 to 60% CO addition in the blends, the SAXS and WAXS profiles displayed similar observations. The transformation of CB crystals from β' 2 -2L to β 2 -3L was still happening within high CO proportions.

Particularities were observed after the addition of 80% of CO to CB. Indeed, as can be seen in SAXS profiles of 20/80 blend during heating, the CB-specific peaks decreased in intensity from 4°C and disappeared between 14°C and 16°C. The CO-specific peaks decreased in intensity from 4°C and disappeared at 26°C. For the WAXS profiles, one large peak at 4.26 Å and one sharp peak at 3.8 Å were observed at 4°C. During heating, the large peak intensity decreased until 16°C, and at 18°C it was possible to notice two peaks at 4.28 Å and 4.14 Å similar to pure CO_β'-2L crystals. CO_β'-2L specific peaks decreased in intensity from 18°C and disappeared at 24°C. In agreement with DSC results, in the 20/80 CB/CO blend, CB in β' form was the first to melt, followed by CO in β' form. 

Impact of aging on pseudo-phase diagram of 4°C CB/CO blends

In this work, 4°C-aged binary blends of cocoa butter with copra oil at several concentrations were investigated for melting behavior, nanostructure, and polymorphic phase transitions. Combining the results acquired from the heating runs of DSC and XRD, a binary pseudo-phase diagram of 4°C-aged CB/CO can be constructed and is shown in and 40 wt% of cocoa butter. Interestingly, on the CB/CO phase-diagram constructed after 30 days of aging, it is still possible to see the eutectic point but at 60 wt% of CO, which is attributable to the blends which have not undergone any aging. Indeed, this eutectic point (~40/60 CB/CO) is due to the difference in melting of cocoa butter triglycerides below 60% CO and copra oil triglycerides above 60% of CO. This is in agreement with those determined by [START_REF] Joshi | Comparative study on mixing behavior of binary mixtures of cocoa butter/tristearin (CB/TS) and cocoa butter/coconut oil (CB/CO)[END_REF][START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF][START_REF] Geary | Crystallization behavior and kinetics of chocolate-lauric fat blends and model systems[END_REF]. Thus, we understand from this 4°C-aged CB/CO phase diagram that only cocoa butter crystals may be responsible for the modification and instability of the eutectic point, due to their polymorphic transition during subsequent heating from the β' form to the β form. This may imply the evolution of the crystal network at 4°C during 30 days of storage and possibly cocoa butter crystals ripening. Indeed, the evolution of the thermal profile between non-aged and aged mixtures indicates that there is not the same crystalline state initially, even if the polymorphic form of CB and CO is identical.

The study of phase behavior after a longer crystallization time provides insight into nanostructure's evolution leading ultimately to solid fat content changes. In this regard, this demonstrated how important the effects of storage need to be considered and how it may cause modification of organoleptic properties, such as fat-bloom formation or evolution of textural characteristics. This work could also pave the way for other aging studies with different crystallization process. The impact of crystallization temperature or tempering treatment may bring interest for applications using mixed cocoa butter and copra oil.

Conclusion

This study highlights the evolution of non-thermodynamically stable systems such as cocoa butter/copra oil binary blends after a 30 days-storage at 4°C. From the results obtained with DSC and XRD, a pseudophase diagram of 4°C-aged graded blends of cocoa butter and copra oil has been constructed. The phase diagram shows that the 4°C-aged CB/CO blends exhibit a new eutectic point compared to nonaged CB/CO mixtures. Binary CB/CO systems display only β'-2L polymorphism at low temperatures for all copra oil proportions and β-3L polymorphism at a higher temperature at the copra oil concentration of <80%. Indeed, the addition of copra oil in high proportions (>80%) compromises the high melting temperature transformation of cocoa butter from the orthorhombic form to the triclinic form. This study demonstrates the importance of triacylglycerol composition on final crystallized structures. For binary blends of CB/CO, changes in the solid fat content are controlled by polymorphism. Further research can be performed on microstructure and macrostructure to investigate how polymorphism also influences material's microstructure and textural characteristics. From a technological point of view, this work will help to engineer the functional properties of chocolate-based food products and predict the changes during storage using the pseudo-phase diagram.

Fig. 1

 1 Fig.1 (a) Solid fat content (%), vs temperature for non-aged CB/CO blends, depending on the CO content in the blends. Each data represents the average of duplicates with errors bars indicating standard deviation (±) ranges from 0.03 to 1.25%). (b) Binary iso-temperature diagram for non-aged CB/CO blends (dashed lines) and for 30 days 4°C-aged CB/CO blends (smooth lines). Each data represents the average of duplicates with errors bars indicating standard deviation (±) ranges from 0.03 to 1.25%).

  [START_REF] Yoshikawa | Binary phase behavior of 1,3distearoyl-2-oleoyl-sn-glycerol (SOS) and trilaurin (LLL)[END_REF], isothermal diagrams are a good tool to understand the compatibility between two natural fats. But when the DSC technique is combined, it brings new insight into the change in polymorphism, as shown below.

Fig. 2

 2 Fig.2 Melting thermograms of 4°C-aged CB/CO blends taken during heating from 4°C to 40°C at a rate of 5°C/min. The legend shows CO content in CB/CO binary blends. Thermograms are offset vertically for clarity. Symbols (▲ ▪ * •) indicate temperatures of CB and CO phase transition as shown inTable 1.

Fig. 3

 3 Fig.3 (a) SAXS and (b) WAXS spectra of non-aged CB/CO blends (dashed lines) and for 30 days 4°Caged CB/CO blends (smooth lines), depending on the CO content in the blends.

Fig. 4

 4 Fig.4 (a) SAXS and (b) WAXS spectra of 4°C-aged CB/CO blends taken during heating from 4°C to 40°C, depending on the CO content in the blends.

Fig. 5 .

 5 The phase transition temperatures are those obtained from the DSC melting profiles and are plotted as function of copra oil amount. The full line fitting the temperature values of the highest melting peaks represents the liquidus line above which cocoa butter q

Fig. 5

 5 Fig.5 Pseudo-phase diagram of CB/CO binary blends as a function of CO, depicted for heating at a rate of 5°C/min after aging at 4°C for 30 days. Symbols are: (▲) temperature phase transition of CB, (▪) temperature of phase transition of CO. The dashed lines represent polymorphic transitions. The smooth line is called the liquidus line, above which everything is liquid. 'E' represents the eutectic point.

  

Table 1 .

 1 When adding 10% CO to CB, the thermogram exhibited one shoulder peak at 22.8°C and one peak at 29.5°C with an extra broad melting range. According to the literature, this high melting peak at 29.5°C could correspond to a very stable CB polymorph. This could be in agreement withLiu et.al (2019) who 
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ΔH: Total melting enthalpies (J/g), Tmc: temperature of phase transition points and melting temperature completion determined via DSC. Symbols (▲ ▪ * •) indicate temperature of phase transition based on Fig.

2

.

Upon heating, pure 4°C-aged CB showed one asymmetric endothermic peak at 24.8°C. According to the literature

[START_REF] Van Malssen | Phase behavior and extended phase scheme of static cocoa butter investigated with real-time X-ray powder diffraction[END_REF]

, this melting temperature should correspond to β'-2L (form III or IV). The melting curve of cocoa butter was fitted using Gaussian functions (Supplementary data
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Supplementary data captions

Supplementary data 1. Fatty acid (a) and triacylglycerol (b) compositions of cocoa butter (CB) and copra oil (CO). Triacylglycerols were named with 3 letters. Co: caproic, Cy: caprylic, C: capric, La: lauric, My: myristic, P: palmitic, S: stearic, O: oleic, L: linoleic. 
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