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ABSTRACT

 Edible vegetable oils were gelled by using N-(2-aminoethyl)-oleamide. Oils in their free state 
were subjected to differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) 
analysis. The gels of these oils were prepared by using N-(2-aminoethyl)-oleamide as gelator and 
similar thermal analysis of the gels was carried out. The thermal analysis data obtained was used 
to determine specific heat capacity at constant pressure (Cp). The values were compared with the 
reported values of heat capacities. It is observed that the thermal properties and transitions of oils 
and gels, specific heat capacity is helpful parameter to understand the fundamentals of gels and 
gelation strategies.
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INTRODUCTION

 The vegetable oils and fats are composed 
of different triacylglycerols (TAG), i.e., esters of fatty 
acids and glycerol. The chemical as well as physical 
properties of oils and fats are related to their fatty 
acid and triacylglycerol composition.1 In many food 
products, crystallization and melting behavior of the 
oils are important properties for functionality. These 
thermal properties are important for identification 
of vegetable oils and can be used in quantitative 
and qualitative ways.2-6 In confectionery, dairy and 
margarine industries, some of these vegetable 

fats like milk fat, hydrogenated fats, cocoa butter, 
etc. exhibits specific thermal behavior, relating to 
their useful properties in food formulations and 
their enormous use. It is necessary to know the 
physical properties, chemical composition and 
thermal behavior of the edible vegetable oils for 
a sufficient control of processes and for framing 
standard parameters for each desired use.7 The 
specific heat capacity at constant pressure (Cp) can 
be considered as one of the important and useful 
physical properties. The information of the specific 
heat capacities of the oils is very useful to determine 
their behavior during different industrial processes.
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ExPERIMENTAL

Materials
 The oils viz., sesame oil, mustard oil, 
citriodora oil were purchased from local market. 
All the chemicals (extra pure) used for synthesis of 
gelator were purchased from Fisher Scientific.

Instrumentation
TGA-DSC analysis
 The TGA-DSC analysis of the synthesized 
gelator was carried out at Central Instrumentation 
Facility, Shivaji University, Kolhapur and is reported 
in our previous communication.8

Synthesis of gelator and the gels
 As reported in our earlier communication, 
several amide-based gelators were synthesized by 
using oleic acid as the precursor. Characterization 
of the synthesized gelator was done by using FTIR, 
1H-NMR, 13C-NMR and Mass Spectral Analysis. A 
weighed quantity of the synthesized organo-gelators 
was added to the oil and the mixture was heated until 
all the gelator dissolves completely. The solution was 
then cooled to room temperature. Opaque gel forms 
slowly on cooling which was confirmed by inverting 
the tube.8

RESULTS AND DISCUSSION

 Oils derived from wide variety of plants are 
an essential part of almost all the food products, and 
their structure related properties play a vital role in 
the production. The stat-of-the art exploration of 
these materials makes it essential to understand the 
complex structures and properties of these valuable 
materials. In addition to that, thermal analysis is the 
key tool in the arsenal of analytical chemistry for 
the elucidation of the structure related properties of 
these materials.9-10

 Although, a systematic thermal analysis 
of variety of oils and food materials using TGA-
DSC has already been reported very aptly in the 
literature and the results have been discussed very 
systematically.11-14 However, adequate reports have 
not been found on the detailed thermal analysis of 
the gels of oils, in particular the specific heat capacity 
measurements of such gel using thermal methods. 
In the following pages, thermal profiles of citriodora 
oil, mustard oil, sesame oil and their corresponding 

gels with N-(2-aminoethyl)-oleamide have been 
discussed thoroughly.

Thermal analysis of Citriodora oil, N-(2-
aminoethyl)-oleamide and gel

 The closer scrutiny of the Fig. 1a, TGA of 
N-(2-aminoethyl)-oleamide and gel reveals a very 
sharp single stage decomposition over 300°C. The 
citriodora oil, a blend of triglycerides and free fatty 
acids, shows measurable pattern of decomposition 
as a function of temperature and possibly it 
is attributed to the composition and structural 
mesophasic changes occurred in such type of 
blends.1 In Fig. 1b, the heat flow response and the 
formation of endothermic pattern for citriodora oil, 
N-(2-aminoethyl)-oleamide and their gel provides 
sound information about the smectic or mesophasic 
changes encountered in the oil and the gel. To our 
delight, it is to be observed that the resulting gel 
have transitory response between oil and gel. 

Thermal analysis of Mustard oil, N-(2-aminoethyl)-
oleamide and gel

Fig. 1. TGA-DSC analysis of citriodora oil, 
N-(2-aminoethyl)-oleamide and gel

(1a)

(1b)
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(2a)

(2b)
Fig. 2. TGA-DSC analysis of mustard oil, 

N-(2-aminoethyl)-oleamide and gel

 The closer scrutiny of the Fig. 2a, TGA 
of mustard oil, N-(2-aminoethyl)-oleamide and gel 
reveals a very sharp single stage decomposition 
over 300°C. In Fig. 2b, the heat flow response and 
the formation of endothermic pattern for mustard oil, 
N-(2-aminoethyl)-oleamide and their gel provides 
sound information about the smectic or mesophasic 
changes encountered in the oil and the gel.

 As mentioned earlier, all oils are blend 
of triglycerides and free fatty acids, and exhibited 
measurable pattern of decomposition as a function 
of temperature and possibly it is attributed to the 
composition and the structural mesophasic changes 
occurred in such type of blends.1 It is to be noted 
that in case of mustard oil and its gel with N-(2-
aminoethyl)-oleamide, interesting pattern of heat flow 
and endo-peaks have been observed in which the oil 
have a transitory response between gel and a gelator.

Thermal analysis of Sesame oil, N-(2-aminoethyl)-
oleamide and gel

Fig. 3. TGA-DSC analysis of sesame oil, 
N-(2-aminoethyl)-oleamide and gel

(3a)

(3b)

 The closer scrutiny of the Fig. 3a and 
3b, TGA-DSC of sesame oil, N-(2-aminoethyl)-
oleamide and gel reveals quite a similar pattern of 
decomposition as well as heat flow as a function of 
temperature with the previous mustard oil systems.  

 The utility of thermal methods towards the 
determination of thermal properties of oils or fats is 
one of the major areas of the application of thermal 
analysis (TGA-DSC). Till date, the thermal properties 
of quite a large number of oils and fats have 
extensively been studied using thermal methods like 
TGA and DSC. It is to note that the properties of oils 
and fats are intensely influenced by physio-chemical 
interactions, specifically among triglycerols (the 
fundamental species in oils and fats). The present 
literature also reveals that the physicochemical 
interactions present in the oils and the fats are 
very complicated, and a complete information and 
knowledge of their thermal properties requires a 
thorough examination of such interactions. As it is 
fact that we cannot have any first-hand information 
about the chemical composition of oils and fats 
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based on these experiments. However, we can have 
a sound information about the science of the key 
thermodynamic changes that are associated with the 
phase transformation in the oil. Furthermore, these 
thermodynamic features are strongly depending on 
the general chemical composition of oils and fats 
and hence can be used for identification and full 
scope exploration of oils and fats, in qualitative and 
quantitative ways.

 Thermal method (DSC) is particularly 
useful for studying the structure related interactions 
within the triglycerol components, because these 
techniques provide fundamental of the phase 
equilibrium diagrams for the studied systems, which 
provide a prowess of structure related information. 
It is also fact that beyond the compositional 
variation and their structure related interactions, the 
temperature-dependent polymorphic behavior of 
triglycerols in oils is responsible for their complicated 
thermal properties. On the other hand, DSC has 
advantage not only for thermodynamic analysis, 
but also for isothermal analysis of the system. 
Notably, the DSC profiles can also be explored 
towards the determination of one of the most 
important thermodynamic properties, i.e., specific 
heat capacity very systematically15-17. In the following 
pages, the specific heat capacity data for the studied 
systems are presented and discussed.

Specific heat capacity (Cp) of Citriodora oil, N-(2-
aminoethyl)-oleamide and gel

 Specific heat capacity (Cp) of Mustard oil, N-(2-
aminoethyl)-oleamide and gel

Fig. 4. Variation of specific heat capacity (Cp) of citriodora 
oil, N-(2-aminoethyl)-oleamide and gel as a function of 

temperature 

 From the Fig. 4, it is to be said that 
citriodora oil is the stable blend of triglycerols and 
have low specific heat capacity values than the 
corresponding gel.

Fig. 5. Variation of specific heat capacity (Cp) of mustard 
oil, N-(2-aminoethyl)-oleamide and gel as a function of 

temperature

 The closure scrutiny of Fig. 5 reveals that 
the gel of the mustard oil is quite stable as compared 
to the mustard oil.

Specific heat capacity (Cp) of Sesame oil, N-(2-
aminoethyl)-oleamide and gel

Fig. 6. Variation of specific heat capacity (Cp) of sesame 
oil, N-(2-aminoethyl)-oleamide and gel as a function of 

temperature 

 From the above Fig. 6, it is to be said that 
the gel of sesame oil is comparatively stable than 
the corresponding gel.

 As we know, DSC is one of the widely 
used instrumental techniques for determination of 
the structure related properties of oils and other 
biomaterials, and it is to be applied very aptly in 
the field of oils and fats to understand wide variety 
of complex reactions viz., phase transitions, 
crystallization and melting processes, and lipid 
oxidation in the oils. Notably, all the structure related 
changes in oils and fats involve endothermic or 
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exo¬thermic reactions. However, DSC is considered 
as a non¬specific analytical technique in order to 
measure the various structure related changes in 
oils and fats.

 As specific heat capacity curves of the 
studied oils and their corresponding gels differ 
considerably, there is a basis for qualitative detection 
of adulteration or the presence of gelator from the 
perspectives of pure oils as noticed in the DSC 
curves (Fig. 1b, 2b, and 3b) as well as in specific 
heat capacity curves (Fig. 4–6). However, based 
on the characteristic composition, i.e., triglycerols 
of individual oils, the attempts have been made 
to comprehend the possible mechanism for the 
H-bonding interactions between oil and the gelator 
(Scheme 1).

Scheme 1: Possible H-bonding interactions between 
triglycerol part of the oil and N-(2-aminoethyl)-oleamide
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CONCLUSION

 The use o f  thermal  ana lys is  fo r 

understanding the gelation mechanism for the 
gel formation between oils and N-(2-aminoethyl)-
oleamide on the basis of the chemical components is 
attempted here. The influence of triglycerols may find 
more information on further detailed investigation. 
Considering the huge global market in oils and 
gels, DSC could indeed be a useful technique for 
understanding thermal properties of oils and gels 
through characterization of the curves. In addition to 
that, new perspectives in the application of thermal 
methods to extract quality information about the 
studied systems are desirable. In the present study, it 
is found that the thermal properties and transitions of 
oils and gels, specific heat capacity is a benchmark 
parameter to understand the fundamentals of gels 
and gelation strategies. The DSC and thermal 
techniques are found to be very interesting for 
its application in food and related technology for 
academicians, researchers and industries in different 
sectors of food manufacture.
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