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Abstract

of hydrophobic compounds such as xanthone.

This study explores the use of green solvent systems by investigating the solubility and thermodynamic properties

of xanthone (1) in triglyceride-based tricaprin (2) and tricaprylin (3) mixtures, aiming to replace traditional organic
solvents. The solubility profile exhibited a concave trend, and the highest solubility was observed at a solute-free frac-
tion (x,) of 0.36. The solubility exponentially increased with increasing temperature in the range from 30 °C to 75 °C.
The solubility data were effectively correlated using the local composition-regular solution theory (LC-RST) model

and achieved an ARDIn value of 4.8x 107 The model indicated strong interactions between tricaprin and tricapry-

lin, followed by interactions between tricaprylin and xanthone and between tricaprin and xanthone. The dissolu-

tion process of xanthone was primarily enthalpy driven. Based on the structural analysis, xanthone maintained its
molecular structure after dissolution in tricaprin and tricaprylin; however, changes in crystallinity levels were observed.
These findings provide insights into the use of triglycerides as solvents to improve the solubility and bioaccessibility

Keywords Xanthone, Medium-chain triglyceride, Solubility, Thermodynamic model

Introduction

The mangosteen (Garcinia mangostana) is a tropical fruit
native to Southeast Asia, and the mangosteen pericarp
(MP) has long been valued for its medicinal properties.
Traditionally, MP has been used to treat various ailments,
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including diarrhoea, abdominal pain, and dysentery, and
as a topical treatment for burns, bruises, sprains, and
wound infections [1]. Scientific studies have also reported
the health benefits of the MP extracts. This extract is rich
in xanthones and their derivatives; xanthones are a class
of polyphenolic compounds. These compounds exhibit a
wide range of biological activities, including antioxida-
tion, anticancer, anti-AIDS, anti-inflammatory, antiviral,
antibacterial, and antiallergenic effects [2-5]. Despite
their promising therapeutic potential, the extraction and
utilization of xanthones has considerable challenges.
Traditional extraction methods often involve organic
solvents [6], and supercritical carbon dioxide (scCO,)
extraction has also been explored [7]. However, these
methods have limitations, particularly in terms of extrac-
tion efficiency and the extremely low water solubility of
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xanthones [8]. This low solubility causes challenges for
gastrointestinal dissolution and oral bioavailability, hin-
dering the development of pharmaceutical preparations
and clinical trials.

Recent studies have focused on the use of natural veg-
etable oils as solvents for extracting active ingredients
from plants. For instance, animal fats have been used to
extract carotenoids and capsaicinoids from Sichuan chili
[9]. Milk fat (triglycerides), have been hydrolyzed to form
natural deep eutectic solvents for the extraction of poly-
cyclic aromatic hydrocarbons from milk powder [10].
Additionally, edible oils have proven effective in extract-
ing flavonoid compounds from propolis [11], and virgin
coconut oil has been successfully applied in the extraction
of phenolic compounds from mangosteen pericarp [12].
When combined with scCO, extraction technology, the
incorporation of natural vegetable oils as co-extractants
has shown promising results in significantly enhancing
the extraction efficiency [13, 14]. The primary constitu-
ents of vegetable oils are triglycerides, which consist of
various fatty acids. These fatty acids typically have long
chains containing 14—20 carbon atoms, many feature car-
bon-carbon double bonds, and medium chains consist of
6—12 carbon atoms [15]. The diverse R groups attached to
triglycerides provide distinct properties, influencing their
compatibility with certain compounds. Additionally, veg-
etable oil is a mixture of different triglycerides, free fatty
acids, and plant pigments; its impact on the extraction of
active substances needs to be considered [16].

Our previous investigations revealed that the utiliza-
tion of virgin coconut oil (VCO) and palm kernel oil as
co-extractants in conjunction with scCO, can notably
increase the extraction efficiency of xanthones from
the MP [17, 18]. The xanthones extracted using the
scCO,-VCO method also displayed increased bioavail-
ability. Analysis and comparison of the compositions of
VCO, palm kernel oil, and other vegetable oils revealed
that VCO and palm kernel oil had relatively high concen-
trations of specific components, notably triglyceride lau-
rate, tricaprylin and tricaprin.

Hence, we hypothesize that the presence of triglyc-
eride laurate, tricaprylin and tricaprin in VCO could
be the primary mechanism behind its effectiveness as
a co-extractant, potentially enhancing the solubility
and extraction efficiency of xanthone. To investigate
this aspect, the solubilities of xanthone in tricaprylin
and tricaprin were measured. Triglyceride laurate was
not chosen for this study because its melting point is
approximately 46.5 °C [19, 20], which is semisolid at
most experimental temperatures. The solubility data
were correlated using the local composition-regular
solution theory (LC-RST), Wilson model, and Van't
Hoff model to provide comprehensive insights into
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Fig. 1 Chemical structure of xanthone

Fig. 2 Chemical structure of tricaprylin

solute—solvent interactions. The LC-RST model was
chosen for its ability to capture local composition
effects in non-ideal mixtures, while the Wilson model
served as a comparative tool due to its simplicity and
wide application in modelling binary systems. The Van't
Hoff model was employed to analyse the temperature-
dependent solubility and calculate dissolution enthalpy,
Gibbs free energy, and entropy. Together, these ther-
modynamic models offered valuable insights into sol-
ute—solvent interactions and dissolution properties,
supporting future thermodynamic investigations.

Materials and methods

Materials

Xanthone was procured from McLean Chemical Tech-
nology Co., Ltd. Virgin coconut oil (VCO), tricaprin
(C10), and tricaprylin (C8) were obtained from Huaxi-
ang Kejie Biotechnology Co., Ltd. All solvents employed
in this study were of analytical grade, and the double
distilled water was obtained from the water purification
equipment (conductivity<0.5 ps cm™). The chemical
structure and details of the xanthone, C8 and C10 are
shown in Figs. 1, 2, 3 and Table 1, respectively.
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Fig. 3 Chemical structure of tricaprin

Preparation of the precipitated xanthone

To prepare saturated solutions of xanthone in different
solvents (C8, C10, and VCO), an excess amount of xan-
thone was added to airtight glass vials containing 10 mL
of each solvent. The vials were placed in a water bath
shaker set to 90 °C and shaken for 30 min. The dissolu-
tion process was conducted at 90 °C to ensure complete
dissolution and obtain sufficient xanthone crystals for
subsequent analyses. After shaking, the solutions were
allowed to cool to room temperature. The mixtures were
then centrifuged to separate the phases, and the superna-
tant was carefully decanted to collect the xanthone crys-
tals [21]. The samples were analysed via nuclear magnetic
resonance (NMR) and X-ray diffraction (XRD); the pre-
cipitated xanthone from tricaprin, tricaprylin, and virgin
coconut oil was denoted as xanthone-C10, xanthone-C8,
and xanthone-VCO, respectively.

Solubility measurements

A shake-flask method was adopted [22] to measure the
solubility of xanthone in the solvent used in the study:
a mixture of tricaprin (C10, x,)-tricaprylin (C8, x;) and
VCO. The mixture was prepared at x, values ranging from
0 to 1. Excess xanthone was added to an airtight glass vial
containing 10 mL of solvent and shaken in a water bath
oscillator [23, 24] (SH2-A, Shanghai Juran Instrument
Technology Co., Ltd.) at a constant temperature for 6 h.
The volume and mass of solvent were recorded for each
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mixture to allow unit conversions between mg/mL and
mole fraction. After 2 h of sedimentation, the concentra-
tion of xanthone in the supernatant was measured with
an ultraviolet spectrophotometer (UV-1800, Aoyi Instru-
ment Co. Ltd.) at 337 nm. The measurements were con-
tinued at 24 h, 48 h, 72 h, 96 h, and 120 h using the same
experimental procedure. The constant concentration
observed over time was taken as the equilibrium solu-
bility point. The experimental temperatures used were
30 °C, 45 °C, 60 °C and 75 °C (uncertainty=0.1 °C) under
atmospheric pressure (101.2 kPa, uncertainty=0.1 kPa).
The measurements were performed in triplicate. The cal-
ibration curves of xanthone in various solvents are illus-
trated in the supplemental material (Fig. S1).

The mole fraction solubility of xanthone in a mixed-
solvent mixture was obtained as follows:
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X1 =
where m,, m, and m; are the masses of xanthone, C10
and C8, respectively, and where M;, M, and M, are the
molar masses of xanthone, C10 and C8, respectively [25].

Powder X-ray diffraction (PXRD) analysis
The crystallinity of the standard and precipitated xan-
thones was analysed using an X-ray powder diffractom-
eter (SmartLab SE, Rigaku). The analysis was conducted
under the following conditions: the sample was scanned
at a 20 range between 5° and 90° (40 kV, 40 mA) with a
step size of 0.022° and a time per step of 58 s [26].

The calculation of crystallite size is based on the full
width at half maximum (FWHM) of diffraction peaks,
using the Scherrer formula (2) for calculation [27].

_ Ki
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Where D is the grain size, K is the Scherrer constant,
\ is the X-ray wavelength, Sis the full width at half maxi-
mum of the diffraction peak, and 6 is the diffraction
angle.

Table 1 The information of xanthone, tricaprylin, tricaprin and virgin coconut oil

Material CAS Sources Mass fraction Chemical molecular Molar
purity formula mass (g/
mol)
Xanthone 90-47-1 McLean Chemical Technology Co., Ltd 99.757 Ci3HgO, 196.2
tricaprylin(C8) 538-23-8 Huaxiang Kejie Biotechnology Co,, Ltd 99.00 Cy7H5004 498.1
tricaprin (C10) 621-71-6 Huaxiang Kejie Biotechnology Co,, Ltd 99.00 Cy3He204 554.8
virgin coconut oil (VCO) 8001-31-8 Huaxiang Kejie Biotechnology Co,, Ltd N/A N/A N/A

Fatty acid profiling of VCO in Table S1, purity values of xanthone, tricaprylin and tricaprin were obtained from the supplier
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Nuclear magnetic resonance (NMR) analysis
Approximately 10 mg of each sample, including the stand-
ard xanthone and precipitated xanthones, was dissolved in
dimethyl sulfoxide (DMSO-d6) at a controlled tempera-
ture of 24.9 °C for nuclear magnetic resonance (NMR)
spectroscopy analysis. Hydrogen (1H) NMR spectra were
acquired using a JEOL 400YH NMR spectroscopy system.
The parameters set for the analysis included a time domain
(TD) of 65 K data points, a receiver gain (RG) of 32, a relax-
ation delay (D1) of 1 s, a spectral width (SW) of 20 ppm, a
spectral width centre (Olp) of 6.175 ppm, 16 scans (NS),
and 2 dummy scans (DSs) [28].

Theoretical basis

Thermodynamic model

The standard thermodynamic expression of solid-liquid
equilibria (3) was used to describe the solubility of xan-
thone (x;) in C8 and C10 [29].

1 AHS (T, AC, [ Ty AC, T
In—=lnyi+ — (2 -1) - =22 1)+ —Lm2"
" nyL+RTm<T ) R <T >+ R T

3)
where AH/ represents the enthalpy of fusion of xan-
thone, T}, represents the melting temperature of xan-
thone, R represents the real gas constant, T represents
the temperature, AC, represents the change in the
heat capacity of xanthone in the liquid and solid states
(ACp =Cy — Cpg), and y; represents the activity coef-
ficient of xanthone in C8 and C10. The difference in heat
capacities was neglected because the second and third
terms in the Eq. 3 have opposite signs, and they approxi-
mately cancel each other out, particularly when the dif-
ference between T, and T is small [29]. All the properties
used in the calculation are tabulated in Table S2.

Local composition-regular solution and theory (LC-RST)
model

The activity coeflicient y was calculated using the LC-RST
model, which was improved from regular solution theory
(RST) [30]. LC-RST considers local composition theory
and temperature [31], and the model is shown as follows:

1
L
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Lj = myT + by (7)

where yy is the activity coefficient, VkL is the molar vol-
ume, J is the solubility parameter, ®; is the volume frac-
tion of species i, /;; is a fitting parameter and is assumed
to have a linear relationship with temperature, m is the
slope, and b is the intercept. i, j, and k are the notations
for solute and solvents in the solution. The i-j molecular
interactions were treated as being unequal, /;#[;

The molecular interactions were analysed based on
the reduction in the objective function value by test-
ing with /; or /;; one by one. The interaction yielding the
lowest value was identified as the dominant interaction
and retained. This process was repeated, incrementally
increasing the fitting parameters until twelve param-
eters were included.

Wilson model

The Wilson model considers the theory of local com-
position, and the activity coefficient is calculated as fol-
lows [29]:

N

N
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j DAY
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J 9
N = VTLeXP(_ RT )

where VjL is the molar volume of component j and Ag;; is
the fitting parameter.
The objective function used in this study is as follows:

n

ARDIn = Z

i=1

cal exp
lnxl,i - lnxl,i

exp

lnxu (10)

where ARDIn is the average relative deviation logarithm,
cal and exp are the calculated and experimental values,
respectively, n is the number of data points, and i is an
index for the data in the experiment. All equations were
coded in the visual basic application and the solver func-
tion in Microsoft Office Excel 365. A sensitivity analy-
sis was conducted by varying key parameters by+2%
and £5% for both the LC-RST and Wilson models, with
multiple initial starting points, to ensure that the solu-
tions were not affected by local minima.

Thermodynamic dissolution properties

In this study, the van’t Hoff analysis was employed for
the thermodynamic analysis of dissolution. The equa-
tions are as follows [25]:
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where Ay, H;), is the standard molar dissolution enthalpy
and T,,,, is the mean temperature in the temperature
range.

AgoiH,, = —R X (11)

Aso1Gyy = —RTypean % intercept (12)

where A, GY, is the standard molar Gibbs free energy,
and the intercept is obtained from the plot of /nx; vs.
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where A, SY, is the standard molar entropy and %y
and %¢y are the relative contributions of the enthalpy
and entropy, respectively, to the Gibbs free energy of
dissolution.
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Results and discussion

Solubility of xanthone in tricaprin (C10) and tricaprylin (C8)
Effects of solvents

As shown in Fig. 4, xanthone was soluble in C10, C8, the
mixture of C10-C18 and VCO. The molecular structure
of xanthone includes an aromatic ring, with a degree of
hydrophobicity. Similarly, the alkyl chains present in fatty
acids are hydrophobic. This shared hydrophobic char-
acteristic indicates a level of molecular compatibility,
facilitating the dissolution of xanthone in the solvents
used in this study. The solubility of xanthone was greater
in C8 than in C10 in the temperature range of 30 °C to
75 °C (Fig. 4). This higher solubility in C8 was attributed
to its shorter alkyl chain length, which facilitated better
miscibility and minimized the steric hindrance [32, 33].
Additionally, shorter alkyl chain lengths were inversely
correlated with hydrophobicity. Thus, C8 exhibited fewer
hydrophobic interactions than C10. This reduction in
hydrophobic character could result in more favour-
able interactions with slightly polar compounds, such as
xanthone.

When mixtures of C10 and C8 were used, the solubility
profile of xanthone exhibited a concave trend, reaching a
maximum solubility point at a C10 fraction of x,=0.36
from 30 °C to 75 °C (Fig. 5). This result indicated a syn-
ergistic effect from the C10-C8 mixture, and the solubil-
ity of xanthone was significantly increased with respect
to its individual solubility in each fatty acid. Additionally,

(@ O > XOO

(@O B>XCO

20 30 40

50 60 70 80

Temperature (°C)

Fig. 4 Solubility of xanthone (1) in a mixture of tricaprin (x,): tricaprylin (x3) as a function of temperature. D (1: 0);

045); O (0.36: 0.64); % (0.17:0.83); O (0: 1); @ (virgin coconut oil)

(0.77:0.23); (0.55:
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Temperature

0.4

0.6 0.8 1

X, (solute free)

Fig. 5 Solubility profile of xanthone (x;) in a mixture of tricaprin (x,): tricaprylin (x3). Markers: experiment; smoothed line: local composition regular

theory model (LC-RST) with significant fitting parameters (/,; was removed); dashed line: Wilson model.

175 °C (orange); <>: 60 °C (green); /\

145 °C (red); O: 30 °C (blue). x, (solute free) is the mole fraction of tricaprin (2) in the mixed solvent that is free of xanthone. (Raw data: Table S3).

Purple: 90 °C (predicted with LC-RST)

the solubility of xanthone was markedly greater in the
C10-C8 mixture than in VCO (Fig. 4), which contains
a complex mixture of various fatty acids. The fatty acid
composition of virgin coconut oil, detailed in the supple-
mentary material (Table S1), provides insights into the
solvent’s molecular characteristics, which could influence
the solubility of xanthone. The solute-solvent—solvent
interaction is discussed in more detail in the next section.

Effect of temperature

As illustrated in Fig. 4, the solubility of xanthone in the
tested solvents showed an exponential increase with
increasing temperature. Notably, among the solvents
evaluated, VCO exhibited the least sensitivity to the tem-
perature changes. The influence of temperature on xan-
thone solubility became more pronounced at elevated
temperatures across the different solvents.

Solubility modelling correlation

Solubility modelling

Figure 5 depicts the correlation of the xanthone solu-
bilities with the LC-RST and Wilson models. Both mod-
els could qualitatively provide correlations of the data;
however, the LC-RST (4.8x10% ARDIn with l,; was
removed) was better than the Wilson model (5.6 x 1072
ARDIn). The fitting parameters of both models are listed
in Table S4 and Table S6. The results, provided in the sup-
plementary material (Tables S5 and Table S7), confirmed

that both models consistently converged to the same
minimum. The LC-RST model correlated the data con-
sistently throughout the temperature range; however,
the Wilson model underestimated the data from 30 °C to
60 °C and overestimated the data at 75 °C. The LC-RST
model provides a more accurate representation of local
composition effects and specific molecular interactions
in the mixed solvent system. Unlike the Wilson model,
which assumes symmetric interactions and lacks temper-
ature dependence, LC-RST handles asymmetric interac-
tions and accounts for temperature-dependent behavior,
both of which are crucial in this study. Therefore, the LC-
RST model was used to further examine the local inter-
actions among xanthone (1), tricaprin (2) and tricaprylin
(3). Additionally, the LC-RST model can be used to pre-
dict the solubility of xanthone in a mixture of tricaprin
and tricaprylin. The predicted solubility is illustrated in
Fig. 5 (purple), showing the similar trend to the experi-
mental data.

As shown in Fig. 6, the highest ARDIn value was
recorded when all parameters were initially set to zero,
and ARDIn decreased as nonzero values of the fitting
parameters (/s I35, [;;) were introduced. The reduction
in ARDIn was minimal when more than eight fitting
parameters were used in the LC-RST model. In the dis-
solution of xanthone in tricaprin (2) and tricaprylin (3),
the local composition interaction between the solvents,
I3, and [,3, was relatively important; when either /5, or /,5
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8 10 12
No. of fitting parameter

Fig. 6 Xanthone—tricaprin—tricaprylin interaction analysis

via the local composition—regular solution theory (LC-RST) model

Table 2 Thermodynamic dissolution properties of xanthone (1)
in a mixture of tricaprin (2)-tricaprylin (3) from 30 °C to 75 °C

X2 ASOIH:?n Asongq Asolsgq & &

(solute free) (kJmoI_1) (kJmoI") (kJmoI_1) % %

1 1248 8.79 0.01 7717 2283
0.77 1592 7.61 0.03 65.70 34.30
0.55 16.14 718 0.03 6430 35.70
036 16.64 7.13 0.03 63.63 3637
0.17 16.06 7.56 0.03 6540 34.60
0 11.65 834 0.01 7788 2212

Van't Hoff analysis for xanthone in a mixture of tricaprin and tricaprylin (Figure
S2)

was used in the LC-RST model, ARDIn decreased from
6.0x107! to 2.1x 107", In addition to the interaction of
the solvent in the solute environment (/5;, /,;), the inter-
action between tricaprylin and xanthone (/5;) appeared to
be more important than that between tricaprin and xan-
thone (/,;).

Thermodynamic dissolution properties

As shown in Table 2, Ay Hp, and Ay, GY, were positive
values; thus, the dissolution of xanthone in tricaprin and
tricaprylin was a nonideal, endothermic process that was
favourable at high temperatures, as shown in Fig. 4. In
this study, Ay,1H;, was lower for tricaprin and tricapry-
lin and increased when these solvents were mixed. This
increase indicated that additional energy was required
to disrupt the interactions between the molecules in the
mixed solvent system. The optimum value of Ay, H}, was
identified between the x, (solute free) values of 0.55 and
0.36. The maximum A, H2, was achieved at an x, of 0.36.
This corresponded to the highest solubility of xanthone
in the mixture of tricaprin and tricaprylin. The dissolu-
tion of xanthone in this mixture was a nonspontaneous
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process, as indicated by a positive standard molar
Gibbs free energy of dissolution (Agy;Go,>0). The trend

of AgGY, over x, was concave, and a minimum was
observed at an x, of 0.36, corresponding to the high-
est solubility of xanthone in the mixture. Additionally,
Ay S, was low for the pure solvent and increased when
the two solvents were mixed; thus, the contribution of
entropy to solubility became more significant in mixed
solvent systems [34] and was in agreement with the find-
ings from this study. The dissolution process of xanthone
in tricaprin-tricaprylin was endothermic and was sig-
nificantly influenced by the entropy effect. This result
indicated that xanthone was slightly soluble in the tri-
caprin—tricaprylin mixture, with the enthalpy contribut-
ing more to the standard Gibbs energy than the entropy
(x> &s).

Comparative characteristics of xanthone

and the precipitated xanthones

Crystallinity analysis

The X-ray powder diffraction (XRPD) patterns of the
standard xanthone and precipitated xanthones are shown
in Fig. 7.

Figure 7 shows the distinct characteristics of the crystal
absorption peak intensities and shapes of xanthone and
the precipitated xanthone obtained from the different
solvents. The dominant diffraction peaks were observed
at approximately 13° and 14° for all types of xanthones.
Notably, no new diffraction peaks were observed in the
spectra of the precipitated xanthone, indicating that the
crystal structure remained unchanged. However, com-
pared with that of the original xanthone, the intensities of
the crystalline diffraction peaks of the precipitated xan-
thones changed.

The diffraction peak of xanthone-C8 exhibited the
highest intensity; this intensity was reduced when 40%
(v/v) C10 was added and when pure C10 was used. In
contrast, the diffraction peak of xanthone-VCO returned
to a level similar to that of the original xanthone. In addi-
tion, the diffraction peak of xanthone-x, 3 also had a
relatively high intensity.

Table 3 tabulates the crystallite size of xanthone pre-
cipitated from the solvents studied in this study. The
crystallite size changed by approximately + 10% from its
original size after precipitation. Among the solvents, xan-
thone-C8 exhibited the largest crystallite size (71.23 nm),
suggesting that tricaprylin promotes more crystal growth
compared to the mixture of tricaprin and tricaprylin,
which yielded the smallest crystallite size (58.46 nm).
These findings show that the physical properties of xan-
thone can be tailored by selecting appropriate mixture of
C10-C8 according to the application.
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Fig. 7 X-ray diffraction patterns of standard xanthone and precipitated xanthone from tricaprin (C10), tricaprylin (C8), a mixture of C10:C8

(0.36:0.64), and virgin coconut oil

Table 3 X-ray diffraction data in full width at half maximum
(FWHM) and crystallite size of the xanthone crystal precipitated
from different solvents

Sample Peak position FWHM (°) Crystallite
(26) size (nm)
Xanthone 14.11 0.12 65.36
Xanthone-C8 14.09 0.11 71.23
Xanthone-C10 14.10 0.13 62.54
Xanthone-Xx 2y 35 14.09 0.14 5846
Xanthone-VCO 14.11 0.13 60.56

Chemical structure analysis

The 'H NMR spectrum of standard xanthone showed
signals in the range of approximately 7.0 ppm to 8.4 ppm
(Fig. 8); this result was consistent with the aromatic pro-
ton signals expected for xanthone, as reported in the lit-
erature review [36]. The observed splitting patterns of

doublets and multiplets, were also characteristic of the
tricyclic structure of the aromatic protons in xanthone
[35]. The proton NMR (!HNMR) spectra of xanthone
precipitated from tricaprylin (C8), tricaprin (C10), a
mixture of tricaprylin and tricaprin (x,=0.36), and vir-
gin coconut oil (VCO) also showed a chemical shift
from approximately 7.0 ppm to 8.4 ppm (Figure S3-S6),
and the splitting patterns were similar to those of stand-
ard xanthone, with the exception of xanthone-C10 and
xanthone-VCO; both of these samples showed other sig-
nals that were potentially caused by impurities from the
solvent environment [36, 37]. These results indicated
that the core tricyclic xanthone structure was sustained
after precipitation from C10, C8, their mixture and VCO.
Therefore, these results have important implications for
the isolation and purification of xanthone derivatives
from natural sources involving these solvents, enabling
further structural characterization or biological evalua-
tion of the isolated compounds.
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Fig. 8 Nuclear magnetic resonance spectrum of standard xanthone

Conclusion

In this study, the solubility and thermodynamic proper-
ties of xanthone in tricaprin (2) and tricaprylin (3), as
well as their mixtures, were investigated to understand
the role of medium-chain fatty acids in enhancing the
solubility and extraction efficiency. The findings revealed
that xanthone exhibited the highest solubility in a mix-
ture with a solute-free fraction (x,) of 0.36 over a temper-
ature range of 30 °C to 75 °C and lower solubility in pure
tricaprin and tricaprylin; these results showed a synergis-
tic effect in their mixture.

Additionally, the shorter alkyl chain length and lower
viscosity of tricaprylin contributed to the higher solubil-
ity of xanthone than of tricaprin. The dissolution of xan-
thone in tricaprin and tricaprylin was an endothermic
and enthalpy-driven process, with the solubility expo-
nentially increasing with temperature.

Local composition interactions included strong inter-
actions between tricaprin and tricaprylin, followed
by interactions between tricaprylin and xanthone and
between tricaprin and xanthone. Although this study
focused on base xanthone, the results provide founda-
tional insights into its interaction with triglyceride-based

solvent systems. These findings can be extended to
explore the behavior of more hydrophilic xanthone deriv-
atives in future studies. Structural analysis revealed that
xanthone maintained its molecular structure after dis-
solution in tricaprin and tricaprylin; however, changes in
crystallinity levels were observed.

These findings provide insights into the use of medium-
chain triglycerides as solvents to improve the solubil-
ity and bioavailability of hydrophobic compounds such
as xanthone. The results from this study highlight the
potential of mixed solvent systems in the food and phar-
maceutical industries to increase the extraction efficiency
and application of bioactive compounds.

Abbreviations

MP Mangosteen pericarp

scCO, Supercritical carbon dioxide

8 Tricaprylin

c10 Tricaprin

VCO Virgin coconut oil

LC-RST Local composition- regular solution theory

X Mole fraction of xanthone in the solvent mixture
X, Mole fraction of tricaprin in the solvent mixture
X3 Mole fraction of tricaprylin in the solvent mixture
m, Mass of xanthone

m, Mass of tricaprin
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ms Mass of tricaprylin

M, Molar mass of xanthone

M, Molar mass of tricaprin

Ms Molar mass of tricaprylin

XRD X-ray diffraction

D Grain size

K Scherrer constant

A X-ray wavelength

B Full width at half maximum of the diffraction peak

Gl Diffraction angle

NMR Nuclear magnetic resonance

AH Enthalpy of fusion of xanthone

Tm Melting temperature of xanthone

R Real gas constant

T Temperature

ACy Change in the heat capacity of xanthone in the liquid and solid
states

Vi Activity coefficient

v Molar volume

8k Solubility parameter

[oR Volume fraction of species i

i Fitting parameter

M Slope

b Intercept

i)k Notations for solute and solvents in the solution

v Molar volume of component j

Agj Fitting parameter

ARDIn Average relative deviation logarithm

cal, exp Calculated and experimental values, respectively
n Number of data points
AsorHE, Standard molar dissolution enthalpy

Tonean Mean temperature in the temperature range
AsiGS, Standard molar Gibbs free energy
AsorSE, Standard molar entropy

%¢H,%EH  Relative contributions of the enthalpy and entropy, respectively,
to the Gibbs free energy of dissolution
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