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Abstract 

This paper presents the evaluation of water content of fatty acid/cyclodextrin complexes by classical Karl 
Fischer titration; the two-component technique on a Karl Fischer 841 Titrando apparatus (Metrohm) was 
used. The total water concentration was in the range of 7.2-7.5% for the β-cyclodextrin complexes, and 
little bit higher in the case of α-cyclodextrin complex (7.8%), but for β-cyclodextrin complexes two types 
of water molecules could be evaluated: “surface” water, which is extracted and react with a higher rate, and 
“strong-bonded” water molecules, which is extracted and react with a lower rate in the titration process. 
These results are in good agreement with the thermogravimetric analysis. 
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1. Introduction 

Fatty acids and triacylglycerols (bounded fatty 
acids) are some of the most important 
biomolecules implied in living organism 
functionality [1-5]. Triacylglycerols play an 
important role in metabolism as energy sources 
and carriers of dietary fat, while free fatty acids are 
important as fuel for many tissues, for cell 
membrane development, for regulation of 
cholesterol level, as well as for hormone 
biosynthesis [4-5]. While saturated fatty acids 
increase the risk of developing cardiovascular 
diseases (due to the increasing of “bad” LDL 
cholesterol), unsaturated fatty acids (especially 
omega-3 and omega-6) are “good” fatty acids 
because most of them (such as the essential fatty 
acids linoleic and α-linolenic acids) are used to 
produce hormone-like substances which regulate a 
wide range of functions (blood pressure, blood 
clotting, blood lipid levels, the immune response, 
and the inflammation response to injury infection) 
[1].  

 
On the other hand, trans fatty acids are implied in 
circulatory diseases (such as atherosclerosis and 
coronary heart disease) and raise the LDL cholesterol 
[1]. 

The conversion of “good” cis fatty acids in “bad” 
trans fatty acids (generally not found in nature) is a 
result of human processing (e.g. hydrogenation, fat 
processing, storing or transporting at higher 
temperatures). Fatty acids undergo chemical changes 
(e.g. oxidation and auto-oxidation) even at room 
temperature and convert to hydrocarbons, ketones, 
aldehydes, epoxides, and alcohols, some of them 
being further transformed in free radicals with 
implications in inflammatory and degenerative 
diseases, cancer, and Alzheimer’s disease [1-5]. 

The protection against oxidation (and further against 
generating the free radicals) and controlled release of 
“good” cis fatty acids can be realized by molecular 
encapsulation (Figure 1).  
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One of the most used natural compounds as host 
molecules in molecular encapsulation are 
cyclodextrins (cyclic oligosaccharides containing 
6-8 glucopyranose moieties corresponding to α-, β, 
and γ-cyclodextrin), having a hydrophobic inner 
cavity which can capture hydrophobic molecules, 
and external hydroxyl groups which furnish water 
solubility [6-8]. The quality of encapsulation 
depends on many factors such as the guest 
molecule structure and hydrophobicity, 
encapsulation parameters (temperature, pH, 
solvents), and finally the water content of the 
complex can vary according to these factors. 

 
Figure 1. Oleic acid/β-cyclodextrin complex (obtained 

by molecular modeling experiments) 
 

In this paper we try to evaluate the water 
concentration of fatty acids (oleic, linoleic, and 
linolenic acids)/α- and β-cyclodextrin complexes 
by using the classical Karl Fischer titration and to 
compare the results with those from the 
thermogravimetric analysis. 

2. Materials and methods 

Materials. Fatty acids/α- and β-cyclodextrin 
complexes (oleic – 99%, linoleic – 99%, and 
linolenic – >70% – acids were purchased from 
Fluka Chemie AG; cyclodextrins – 99% purity, 
were obtained from Merck&Co., Inc.) were 
obtained according to our previous work [9-12] by 
using crystallization from ethanol-water solution 
method (an ethanolic solution of 0.5 mmoles of 
fatty acid was added to an aqueous solution of 0.5 
mmoles of cyclodextrin at 50ºC, the mixture was 
stirred for 30 minutes at the same temperature and 
cooled in four hours at room temperature; the 
complex suspension was stored over night at 4ºC, 
filtered, washed with ethanol, dried to constant 
mass, and hermetically sealed until analyses). 

Fatty acids/cyclodextrin complexes were initially 
analyzed by thermogravimetry (TG, on a TG-209 
Netzsch apparatus, 20-550ºC, 4ºC//min., under 
nitrogen), differential scanning calorimetry (DSC, on 
a DSC-204 Netzsch apparatus, 20-550ºC, 4ºC/min.), 
and scanning electron microscopy (SEM, Jeol JSM 
5510-LV apparatus). Karl Fischer water titration 
(KFT) was performed by using the two-component 
technique, with component 1: Hydranal® - Titrant 2 
and component 2: Hydranal® - Solvent – which 
contains imidazole, sulfur dioxide, and methanol; 
both components were purchased from Fluka 
Analytical, Sigma-Aldrich. The titer of component 1 
was performed by using Hydranal® - Water standard 
10.0, standard for volumetric Karl Fisher titration 
(Fluka Analytical, Sigma-Aldrich). 

Karl Fischer water titration.Classical Karl Fischer 
water titration (Figure 2) [13-17] of fatty 
acid/cyclodextrin complexes were carried out by 
using a Karl Fischer 841 Titrando apparatus from 
Metrohm; a 800 Dosino dosing system and 703 Ti 
Stand mixing system were also used (both from 
Metrohm). For acquisition and data handling the 
TiamoTM, ver. 1.2 software (Metrohm AG, 
Switzerland) was used. The two-component 
technique was used for water determination. The 
temperature was set up to 40ºC by using  a titration 
vessel with thermostatic jacket. The sample amount 
was 0.03-0.06 g for complexes and ~0.1 g 
commercial cyclodextrins. The method parameters 
were: I(pol) of 50µA, end point and dynamics at 250 
mV, maximum rate of 4 mL/min, drift was used as 
stop criterion, with a stop drift of 15 µL/min. For 
titration parameters, the extraction time was 350 s, 
time interval measuring point of 2 s. The 
conditioning was setup for start drift of 15 µL/min, 
spot volume of 20 mL, and delay after “conditioning 
ok” of 10 s. 
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Figure 2. Karl Fischer reaction for two-component 

titration technique 
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3. Results and Discussion  

In the case of fatty acids/cyclodextrin nanoparticles 
the water concentration, determined by KFT, were in 
the range of 7.2-7.8% (Figure 3 and Table 1), which 
are higher values comparatively with those from TG 
analysis. The water concentration in β-cyclodextrin 
complexes were at the approximately half value to 
the corresponding value of commercial cyclodextrin, 
the formation of the complex being confirmed earlier 
by DSC analyses. Water determination in complexes 
with α-cyclodextrin was difficult due to the samples 
hygroscopicity (only for linoleic acid/α-cyclodextrin 
complex statistically significant values has been 
obtained). The total water concentration was in the 
range of 7.2-7.5% for the β-cyclodextrin complexes, 
and little bit higher in the case of α-cyclodextrin 
complex (7.8%).  

The complexation of fatty acids with the 
commercial cyclodextrins was realized with yields 
in the range of 59-88%, the best results being 
obtained in the case of linoleic acid complexes as 
well as for α-cyclodextrin complexes. SEM 
analysis indicate that the crystals of α-cyclodextrin 
complexes have hexagonal shapes, while the 
corresponding β-cyclodextrin complexes have 
rhombohedral shapes, all with dimensions in the 
range of 500 nm to 10 µm.  

Both TG and DSC analysis indicate the formation 
of complexes, the main peak corresponding to the 
dissociation of the complex being observed in the 
range of 100-160ºC. 

 

  
Fatty acid - Cyclodextrin nanoparticles

Titration volume/Sample size [ml/g] vs Time [s]
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Table 1. Water content (%) of fatty acid/cyclodextrin complexes by classical Karl n 

No Code Description content (%) determ.) 

Fischer titratio

KFT water n 
(no of 

1 LOL_aCD(ME) vent) 7.82±0.42 5 Linoleic acid/α-cyclodextrin complex 
(classical KFT with methanol as sol

2 OL_bCD(ME) t) 7.43±0.19 5 

3 LOL_bCD(ME) ) 7.28±0.11 4 

4 LNL_bCD(ME) 7.25±0.37 5 

5 aCD(ME) extrin (classical KFT with methanol as 10.66±0.16 7 

6 bCD(ME) extrin (classical KFT with methanol as 
solvent) 14.59±0.19 18 

Oleic acid/β-cyclodextrin complex 
(classical KFT with methanol as solven
Linoleic acid/β-cyclodextrin complex 
(classical KFT with methanol as solvent
Linolenic acid/β-cyclodextrin complex 
(classical KFT with methanol as solvent) 
α-Cyclod
solvent) 
β-Cyclod
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cyclodextri es and the 
ranges used for determination of “surface” and “strong-bonded” water molecules 

 
 

Figure 4. KF water titration curves (V/m vs. Time) for linoleic acid/α-cyclodextrin (a), oleic acid/β-
n (b), linoleic acid/β-cyclodextrin (c), and linolenic acid/β-cyclodextrin (d) complex
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Table 2. Mean values for water extraction rate for three important ranges (0-50s, 50-100s, and 100-500s) 

yclodextri atty acid/cyclod lexes 
N
for c ns and f extrin comp

o Code v1 (mM/s) v2 (mM/s) v3 (mM/s) 
1 LOL_aCD(ME) 6.12±0.58 2.32±0.91 0.03±0.00 
2 OL_bCD(ME) 3.56±0.65 0.79±0.19 0.04±0.02 
3 LOL_bCD(ME) 5.42±0.91 1.44±1.25 0.03±0.01 
4 LN ) 

6 bCD(ME) 3.23±0.44 0.36±0.04 0.10±0.02 

L_bCD(ME 8.67±1.21 0.56±0.07 0.04±0.01 
5 aCD(ME) 3.99±0.85 0.17±0.07 0.05±0.01 

 

has a 

, these rates are 4 mM/s 

 first and second 
terval, respectively) (Table 2). 

cyclodextrins 

accurate than the 

r 
oncentration decrease with the increasing of the 

nds in the fatty acid structure). 

rk was supported by DAAD (Deutscher 
kademischer Austausch Dienst, Germany, code: A / 08 / 

f

1. 

2. ne, F.D.; Harwood, J.L.; Dijkstra, A.J., The 

3. 
Sheard, P.R.; 

4. 

ospholipids, and glyceroglycolipids -a 
review, Czech Journal of Food Sciences 2006, 24, 
241-254 

 

 
For β-cyclodextrin complexes two types of water 
molecules could be evaluated: “surface” water, 
which is extracted and react with a higher rate in 
the titration process, and “strong-bonded” water 
molecules, which are extracted and react with a 
lower rate, as is observed from the Titration 
volume / sample size vs. Time curves (Figure 4). 
Thus, the mean extraction rate for the first time 
interval (0-50s), where the release and reaction of 
“surface” water could appear, is more than 5-fold 
higher than in the case of the second interval (50-
100s), where the “strong-bonded” water molecules 
are released (extracted); the last interval 
normal slope in the KFT process (Table 2).  

Seems that the “strong-bonded” water in α-
cyclodextrin complexes are extracted 
approximately at a half mean rate than for the first 
interval, but in the case of β-cyclodextrin 
complexes the “strong-bonded” water are released 
slower (from 4 to 12-fold) than in the case of 
“surface” water. For these complexes, the α-
cyclodextrin complex release the water molecules 
with rates of 6.1 mM/s and 2.3 mM/s for the above 
mentioned ranges, respectively, while for the 
commercial α-cyclodextrin
and 0.2 mM/s (Table 2).  

For β-cyclodextrin complexes, the water extraction 
rate increase with the number of double bonds 
from fatty acid structures (from 3.6 mM/s to 8.7 
mM/s) for the first interval, but no significant 
variation can be observed for the second interval 
(0.6-1.4 mM/s); β-cyclodextrin has lower water 
extraction rates, for both time ranges (3.2 mM/s for 
extraction of “surface” water molecules, and 0.4 
mM/s for extraction of “strong-bonded” water 
molecules, corresponding to the
in
 
 
 
 

 
4. Conclusion 

Classical Karl Fischer water titration is a good tool 
for evaluation of water concentration in 
and their fatty acid complexes, and of the “surface” 
and “strong-bonded” water molecules.  

Thus, the KFT water content values for these 
complexes are more 
thermogravimeric analysis (which cannot evaluate 
the correct “surface” water). 

The overall water content of unsaturated fatty 
acid/cyclodextrin complexes is low (suggesting a 
better hydrophobic interaction between host and 
guest molecules) and no significant difference among 
fatty acid types is observed (even the wate
c
number of double bo
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