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LIPOPHILICITY OF NATURAL SWEETENERS ESTIMATED
ON VARIOUS OILS AND FATS IMPREGNATED THIN-LAYER
CHROMATOGRAPHY PLATES

Costel Sârbu and Rodica Domnica Briciu

Babeş-Bolyai University, Faculty of Chemistry and Chemical Engineering, Cluj Napoca,
Romania

& A variety of oils (paraffin, olive, sunflower, corn, castor, cod liver) and fats (margarine, butter,
pig, sheep, pullet, human) impregnated TLC-plates were indirectly evaluated and characterized
from the lipophilicity point of view by employing a series of experimental lipophilicity parameters
estimated for a representative group of natural sweeteners from retention data. The relevance of
the results was evaluated by a critical comparison of the lipophilicity parameters with a series of
theoretical lipophilicity and solubility indices. The ALOGPs descriptor offers the best correlation
coefficients, higher than 0.9. The principal component analysis applied to the retention data
and the matrices formed by each distinct group of experimental lipophilicity indices allowed a
realistic classification of the fats and oils, through the 3D graphs (‘‘lipophilicity spaces’’) and gave
new insights into the retention mechanism involved in the chromatographic process.

Keywords animal and human fats, lipophilicity, natural sweeteners, oils, PCA, TLC

INTRODUCTION

In the last decades, many predicting statistical models based on more or
less complex equations were produced in order to determine with an
adequate statistical degree of confidence, the physicochemical properties
of new molecules, even before they are actually synthesized. This is, in fact,
the main advantage of the quantitative structure property relationships
(QSPR), quantitative structure retention relationships (QSRR), or quanti-
tative structure activity relationship (QSAR) experiments. On the basis of
these concepts, a large number of scientific papers have invaded the
literature presenting correlations of biological activity or toxicity of com-
pounds with their physicochemical and pharmaceutical properties, such
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as lipophilicity, solubility, stability, reactivity, retention (partition), per-
meability, transportability, pharmacokinetics, toxicity, and mutagenicity.[1]

The lipophilicity is the major property involved in the QSAR=QSPR=QSRR
experiments, and as a direct consequence many software were developed
for generating theoretical values on the basis of molecular, atomistic or
properties particularities of a large number of compounds.

The lipophilicity is defined as the tendency of a compound to partition
to non-polar versus aqueous environments, such so, there may be con-
sidered that the environmental circumstances play a decisive role over
the chemical and biological behavior.[2,3] The possibilities of lipophilicity
experimental determination are divided in two major groups such as direct
and indirect techniques. The most known, and in the same time the most
used direct method, describes the shake flask technique, but it has been
almost totally replaced by the indirect techniques, such as the chromato-
graphic ones,[4,5] which are more flexible and presents some significant
advantages: dynamic process, the consumption of the investigated com-
pounds is minimal, high purity chemicals and additional analytical quanti-
fication is not required. These methods require only the determination of
some retention parameters.[6,7]

The lipophilicity is usually expressed by the partition coefficient,
denoted in few different ways, frequently depending on the determination
method (Log P, Log kw, Log Kow, RM). Considering that the lipophilicity
experiments are performed mainly to evidence the in vivo behavior of a
specific compound, it may be appreciated that the actual stationary phase’s
materials are too simple and does not offer a realistic alternative of biologi-
cal membranes. Moreover, the large number of software are able to offer
different log P values, which are often very different and until now there
are not rationale and objective evidences to differentiate and choose the
best ones.

Concerning the experimental estimation of lipophilicity, the chromato-
graphic procedures offer large possibilities because the combinations
between both stationary and mobile phases are practically unlimited.
Reverse phase thin-layer chromatography using impregnated layers with
different materials appears to be one of the most suited solutions. In this
order, for example, any oil or fat, which may be homogeneously dissolved
in a solvent may be used for impregnation. In addition, the vegetable oils or
animal fats may satisfy the complexity requirements, and may be involved in
the obtaining of new realistic models for the mimesis of biological mem-
branes. The chemical composition of vegetable oils and related products
are rich in triglycerides, free fatty acids (especially oleic and linoleic acid),
phytosterols, lipophilic vitamins, and traces of minerals.[8,9] On the other
hand, the animal fats present a high concentration of saturated fatty acids
and cholesterol.[10]
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Over years, the paraffin oil,[11–15] near by silicon oil,[16,17] and ethyl
oleate,[18] were successfully used for the impregnation of TLC-plates in
order to change the stationary phase characteristics and improve the
chromatographic performances.

The goal of this paper was to investigate the chromatographic behavior
of a representative class of natural sweeteners (arabitol, xylitol, adonitol,
mannitol, sorbitol, galactose, fructose, glucose, xylose, mannose, galactosa-
mine, sucrose, maltose), which were characterized and compared with the
contribution of various experimental lipophilicity indices (RM0, b, mean
of RF (mRF), mean of RM (mRM), scores corresponding to the first princi-
pal components of RF (PC1=RF) and RM (PC1=RM)) on oils and fats
impregnated TLC-silica gel plates (paraffin – Pa, olive – Ol, sunflower –
SF, corn – Co, castor – Ca, margarine – Ma, butter – Bu, cod, pig, sheep
– Sh, pullet – Pu, and human – Hu). Furthermore, the obtained lipophili-
city indices of the investigated natural sweeteners were compared between
them and with computed log P values. We also have to mention the lack of
information concerning the lipophilicity of sweeteners; the literature and
data bases offer only few data.[19] The principal components analysis
(PCA), through ‘‘lipophilicity space’’ option, offers once more the possi-
bility to analyze and compare the lipophilicity of the vegetal and animal
fats in the context of human fat. In addition, PCA loadings are used to
investigate and to compare the retention mechanism involved in the
chromatographic process.

THEORY

Methods

The retention factor (RF) is the basis of lipophilicity estimation by TLC,
since all the lipophilicity indices are directly derived from retention data.
The most popular descriptor in TLC is considered the retardation factor
(RM) obtained, as was described by Bate-Smith and Westall[20] through
the following formula:

RM ¼ logð1=RF � 1Þ ð1Þ

The direct influence of the organic modifier concentration from the
mobile phase over the RM value is recovered into the linear relationship
described by a TLC adapted Soczewiński-Wachtmeister[21] Eq.:

RM ¼ RM0 þ bC ð2Þ

Lipophilicity of Natural Sweeteners Estimated 905
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where RM0 represents the extrapolated value to pure water, b is the
regression slope and in the same time it is considered to be the specific
surface area of the stationary phase and also an alternative descriptor of
lipophilicity; C represents the volume fraction of the organic solvent in
the mobile phase. The RM0 is usually expressed directly from regression
equation of five RM values obtained for mobile phases containing different
fractions of organic modifier.

More recently the PCA has been successfully applied for the lipophi-
licity estimation from retention data. The methodology based on PCA is
not only more robust to different errors but it is also more informative,
because the results (scores and loadings) offer new scales of lipophilicity
and more efficient alternatives for characterization and ranking of inves-
tigated compounds and stationary phases, including new insights into
the chromatographic mechanism. Much more, the mean of RF and RM

values can be also an illuminating alternative for the lipophilicity
estimation.[22–25]

Log P

A large number of software and internet module are now available
to compute theoretical log P values applying different algorithms
based on structural, atomistic, topological, electrotopological, or other
considerations. In the present study, the structure of the compounds
were first preoptimized with the Molecular Mechanics Force Field
procedure included in Hyperchem version 7.5 (HyperChem, release
7.5 for Windows, Molecular Modeling System; Hypercube), and
the resulting geometries were further refined by means of the semi
empirical method Parametric Method-3 using the Fletcher-Reeves algor-
ithm and a gradient norm limit of 0.009 kcal Å�1. The optimized
geometries were loaded by software like Chem3D Ultra 8.0 and
Dragon Plus version 5.4 in order to calculate various lipophilicity
descriptors. Three of the log P values were calculated by Chem3D
Ultra 8.0 (CLogP, Log(p)C-Crippen method, Log(p)V-Viswanadhan
method) and four are given by the Dragon 5.4 (MLOGP-Moriguchi
method, MLOGP2-Squared Moriguchi method, ALOGP-Ghose-
Crippen method, ALOGP2- Squared Ghose-Crippen method). Another
six were offered by the internet module ALOGPS 2.1-vcclab
(ALOGPs, AC logP, miLogP, KOWWIN, XLOGP2, XLOGP3).[26] More-
over, the ALOGPS 2.1 offered a series of solubility computed indices
(ALOGpS, AC logs, AB=LogS). All the computed lipophilicity indices
are listed in Table 1, while the solubility values are presented in
Table 2.
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EXPERIMENTAL

All the compounds and solvents were obtained from commercial
sources (Merck, Fluka, and Sigma) in analytical degree purity. The oils
(paraffin, olive, sunflower, corn, castor, cod liver) and fats (margarine, but-
ter, pig, sheep, pullet) used for the impregnation were from local markets,
while the female fat was obtained from liposuction surgery. The standard
solutions of natural sweeteners were prepared in water (1 mg mL�1). The
spots (1mL) were applied at 1.5 cm from the bottom edge and at 0.7 cm
from lateral edges using a Hamilton microsyringe of 10 mL. The distance
between the spots was by 0.7 cm. The elution was performed by ascendant
development into a chromatographic chamber previously saturated for 10
minutes.

The silica gel 60 F254 plates (10� 20 cm) were impregnated with 10%
diethyl ether solution of fats, except for pig, sheep, and pullet fats, which
were prepared as 5% solutions. The water presence in the margarine and
butter lead to the necessity of its elimination from the etheric solution by
using a separation funnel previously of impregnation. The pig, pullet,
and sheep fats used as raw material were extracted from the natural
membranes by heating to melting point followed by a filtration. The
obtained fats were used for the impregnation as 5% diethyl ether solution.
The human fat was simply dissolved in the diethyl ether by using a
porcelain mortar. The impregnation was performed by ascendant
development.

In order to select the most exclusive organic modifier for the mobile
phase, five organic solvents were tested. The investigated solvents were:

TABLE 2 The Solubility Values of Natural Sweeteners

No Compound ALOGpS
ALOGpS

(g=L)
AC

logS
AC logS
(g=L) AB=logS

AB=logS
(g=L) Sexp

�

1 Arabitol 0.26 2800 0.42 400 1.12 2010 729[27]

2 Xylitol 0.26 2800 0.42 400 1.12 2010 627[28]

3 Adonitol 0.26 2800 0.42 400 1.12 2010 936[27]

4 Mannitol 0.17 270 0.55 640 1.03 1950 145[28]

5 Sorbitol 0.17 270 0.55 640 1.03 1950 687[28]

6 Galactose 0.35 400 0.25 320 0.77 1060 683[29]

7 Fructose 0.29 350 0.38 430 0.93 1530 778[27]

8 Glucose 0.35 400 0.25 320 0.77 1060 1200[27]

9 Xylose 0.45 430 0.12 200 1.08 1810 555[27]

10 Mannose 0.35 400 0.25 320 0.77 1060 713[27]

11 Galactosamine 0.29 350 0.17 270 0.76 1030 500[30]

12 Sucrose 0.06 390 0.64 1640 0.10 430 2100[27]

13 Maltose 0.04 380 0.55 1210 0.12 450 780[27]

�Sexp – Experimental determined solubility.
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methanol, ethanol, isopropanol, acetone, and acetonitrile (ACN). The best
results were obtained when ACN was used. The mobile phases containing
different mixtures of ACN and water were optimized in order to obtain a
significant increase of migration of the compounds while the elution step
was changed. In each case, 5 steps were performed at different fractions
of ACN between 70% and 90% for all the stationary phases, in 5% incre-
ments. The sugars were visualized by reducing directly on the plate with sil-
ver nitrate and sodium hydroxide (Tollens reaction). The sugars spots
appeared as brown spots on a white background, after heating at 105�C
for 5 min.

RESULTS AND DISCUSSION

The experimental lipophilicity indices obtained on the investigated
plates are listed in Tables 3 and 4. All the results, including the computed
lipophilicity indices, show the disaccharides as the most hydrophilic com-
pounds, followed by the monosaccharide. The alcohols are more lipophilic.
Observing the galactosamine versus galactose it is easy to conclude that the
amino group leads to an increased lipophilic character. If the classical RM0

values are considered to be the experimental reference values, there is a
need to show the degree of confidence, described through the regression
correlation coefficients obtained for the RM values and the ACN fraction
in the mobile phase, which were higher than 0.99 except for xylitol
(rMa¼ 0.98), mannitol (rMa¼ 0.98), sorbitol (rMa¼ 0.97, rPig¼ 0.98), galac-
tose (rCa¼ 0.98, rCod¼ 0.98), galactosamine (rSF¼ 0.98, rCa¼ 0.97, rMa¼
0.96, rBu¼ 0.98, rCod¼ 0.98, rHu¼ 0.98), sucrose (rSF¼ 0.95, rCa¼ 0.98,
rPig¼ 0.97, rPu¼ 0.98), and maltose (rSF¼ 0.97, rMa¼ 0.98, rBu¼ 0.98,
rCod¼ 0.98, rSh¼ 0.98). Concerning the computed log P values, as it was
expected they are strongly correlated. This expectation is clearly illustrated
in Figure 1 (obtained by applying PCA to the theoretical log P values)
where all the values form a compact group, except for XLOGP3. Moreover,
the log S values are identified as a distinct correlated group.

The correlation matrix of the experimental values versus theoretical
ones is characterized by fair correlation coefficients (Tables 5 and 6),
except for the solubilities expressed as gL�1, including the experimental
determined values (r� 0.60). Considering the theoretical descriptors, it
may be observed that the ALOGPs values offer the best correlation, fol-
lowed by the AC logP, LogPC and miLogP, which may indicate that the lipo-
philicity of natural sweeteners is better estimated by the newly developed
methods based on topological descriptors, rather than those obtained on
the basis of atomistic or molecular approaches (XLOGP2, XLOGP3,
CLOGP). The newly ALOGPS 2.1. version of log P computing module,
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based on associative neural networks method,[31] seems to cover, in the
most efficient way, the lipophilic character of the studied compounds.

The higher correlations were obtained for the lipophilicity indices esti-
mated on paraffin oil impregnated plates. The vegetable oils are highly
similar, except for sunflower oil, which had a relative level of failure in
terms of lipophilicity descriptors, while the olive oil lead to a high associ-
ation level. Moreover, the pig and human fats seem to present higher simi-
larities than the rest of animal fats. The Ghose-Crippen (ALOGP) and
Moriguchi (MLOGP) algorithms and their squared values (ALOGP2,
MLOGP2) near by the ALOGPs and AC logP offered a fair description of
the lipophilicity in the context of human fat. In addition, the log S values
presented some significant correlations, especially for the RM0,Bu vs.
ALOGpS and RM0,Hu vs. AB=LogS (r¼ 0.88); lower correlations were
obtained for experimental solubility and the TLC lipophilicity indices.
On the other hand, comparing the experimental indices, it may be appreci-
ated that the best correlations were obtained for the classical RM0 value,
and b (regression parameters).

Concerning the similarities and differences of TLC-layers, it is easy to
observe (Figure 2) that all the impregnation fats are highly associated,
except for the sheep fat, which seems to be the most lipophilic layer. At
the other pole is found the code liver oil. Moreover, the mRF, mRM,
PC1=RF and PC1=RM patterns illustrate high regularities and show also
the extreme behavior of sheep fat and code liver oil.

FIGURE 1 Loadings scatterplot corresponding to PC1 and PC2 obtained for the calculated log P and
log S values.

912 C. Sârbu and R. D. Briciu
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In order to get more information concerning the similarities and differ-
ences between the oil and fat layers, PCA was applied to the matrices
resulted by considering each of the six experimental lipophilicity
indices (Figure 3). According to the 3D representations, the human fat

FIGURE 2 The correlation patterns of mRF (a), mRM (b), RM0 (c), b (d), PC1=RF (e), and PC1=RM (f)
corresponding to the investigated reverse stationary phases.
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FIGURE 3 The ‘‘lipophilicity spaces’’ obtained by PC1-PC2-PC3 score plot obtained on the matrices
formed by the TLC lipophilicity indices estimated on all investigated reverse stationary phases:
mRF (a); mRM (b); RM0 (c); b (d); PC1=RF (e); PC1=RM (f).
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lipophilicity appears in the group of outliers including sheep and pig fat,
margarine, and sunflower oil. The sunflower and castor plant oil are the
less lipophilic oils, closely followed by the corn and olive, while the cod liver
oil is confirmed as the less lipophilic animal fat.

Moreover, the PCA might be used for investigating the retention mech-
anism involved in the chromatographic process by examination of the pro-
file of loadings=eigenvectors corresponding to the first principal
component. The profiles of loadings presented in Figure 4 illustrate once
again the similarity and differences between the investigated reversed

FIGURE 4 Profiles of loadings corresponding to the first principal component obtained by applying
PCA to RF values (a) and RM values (b) obtained using spline function.
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phases, and confirm the above statements. The profiles are more or
less similar and one may conclude that the main retention mechanism
(lipophilic interactions) is more or less the same; a highest similarity may
be easily observed in the case of human fat and margarine.

CONCLUSIONS

The results obtained and discussed in this paper indicate no significant
differences between oil and fat impregnated TLC-silica gel plates and
recommend them as an alternative in the field of lipophilicity estimation.
This conclusion is more evident illustrated by the correlation between
the theoretical lipophilicity descriptors and the lipophilicity indices
estimated from retention data. However, the chromatographic behavior is
weakly corelated with the theoretical and experimental solubility. From
the tested lipophilicity indices, the mean of RM values showed, in all
cases, the best regularities and significant correlations and might be one
of the most attractive alternative. In addition, the PCA offered a realistic
characterization and ranking of impregnation materials, both from the
lipophilicity and retention mechanism point of view.
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11. Djaković-Sekulić, T.L.; Sârbu, C.; Peri�ssić-Janjić, N.U. A comparative study of the lipophilicity of

benzimidazole and benztriazole derivatives by RPTLC. J. Planar Chromatogr. 2005, 18 (106),
432–436.
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14. Djaković-Sekulić, T.L.; Peri�ssić-Janjić, N.U. Study of the characteristics and separation power of
unconventional TLC supports. II. Principal components analysis. J. Planar Chromatogr. 2007, 20
(1), 7–11.
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