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ABSTRACT 
 

The organogels are based on olive oil mixed with low 

amount of cocoa butter and commercial monoglycerides of 

fatty acids (Myverol) as organogelator agent. Nuclear 

Magnetic Resonance (NMR) was used to evidence the 

crystallization phenomena and the change in material 

structure due to formulation and operating conditions. 

Dynamic rheological tests evidenced the onset of 

crystallization (TCO), as a sharp increase in storage 

modulus, and the gelation temperature (TG), as the dynamic 

moduli crossover. By means of NMR technique the spin-

spin relaxation time (T2) distributions were extimated by 

applying the Inverse Laplace Transform to the echo-day of 

the Carr-Purcell pulse sequence. The obtained results can 

be useful to better understand the crystallization phenomena 

in edible oil gels and in selecting operating conditions for 

potential commercial applications. 
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1 INTRODUCTION 
 

The properties of organogels are interesting in several 

fields, and among the potential different applications, the 

rheological modification of vegetable oil to produce 

shortenings and the stabilisation of food emulsions are 

promising techniques adopted to replace, as texturing 

agents, saturated and trans fats in food systems [1,2]. From 

the industrial point of view, solid fats are relevant for 

several reasons. As an example they can give the desired 

texture to the final foods and are suitable for the existing 

process conditions.  

The most common way to modify the ‘texture’ of the oil 

phase of food products is to include saturated fats with a 

high melting point and the capacity to build a crystal 

network at a relatively high temperature (higher than 25 

°C). The complexity and flexibility of triglycerides allows 

different crystalline packing, leading to the existence of 

crystalline arrangements, or polymorphs, which exhibit 

significantly different melting temperatures [3-5].  

Saturated or hydrogenated fats are the most used solid 

lipids by food industry, anyway it is well known that they 

can cause cardio-vascular diseases mainly due to the 

increase of cholesterol levels. Organogels based on liquid 

vegetable oils are possible replacers as they are rich in 

unsaturated fats and therefore less dangerous for human 

health [6].  

Nevertheless, there is still a lack of information about 

the link between macroscopic parameters (such as dynamic 

moduli or crystallisation temperature) and material 

microstructure. The NMR methodology gave a deeper 

understanding on the organogel structure and validate the 

results obtained from the rheological characterization. 

Depending on temperature, different structures were 

observed, affecting the measured rheological parameters 

during the temperature ramp tests. 

 

2 MATERIALS AND METHODS 
 

2.1 Materials 

The raw materials used for sample preparation were: 

virgin olive oil (San Giovanni, Olearia De Santis, Italy), 

cocoa butter (Icam S.P.A., Italy), and mono- and 

diglycerides of fatty acids, Myverol 18-04K, mainly 

composed of monoglycerides (kindly supplied by Kerry 

Group, Ireland).  

Virgin olive oil is mainly composed of monounsaturated 

fats (about 75%, w/w), the rest being saturated (about 15%, 

w/w) and polyunsaturated fats (about 10%, w/w), while 

cocoa butter is mainly composed of saturated (in a range of 

56–68%, w/w) and monounsaturated (31–38%, w/w) fats 

and a lower amount of polyunsaturated fats (2–4%, w/w). 

All samples were prepared by adding the amount of 

Myverol 18-04K and/or cocoa butter contemporary to the 

oil [6,7], previously warmed up to 70 °C in a water bath 

thermostated by a plate heater (Jolly 2, Falc Instruments, 

Italy). The oil phase was then mixed using a laboratory 

stirrer (RW 20, IKA, Germany) and maintained at 70 °C 

until the test was performed. The selected samples analyzed 

in this poster are listed in Table 1. 
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 OBM1 OBM2 

Olive oil [w/w%] 57.6 94.3 

Cocoa Butt  [w/w%] 2.4 2.3 

Myverol [w/w%] 40 3.4 

TG [°C] 61±1 43±1 

TCO [°C] 60.2±0.2 44.1±0.2 

Table 1: the onset temperature of crystallization (TCO) and 

the gelation temperature (TG) for two of the investigated 

samples. 

2.2 Rheology 

Rheological tests were carried out with an ARES-RFS 

rheometer equipped with a Peltier system for temperature 

control and a parallel plate geometry (50 mm), while 

maintaining a gap of about 2 mm. The sample, loaded at   

70 °C, was subjected to cooling tests (up to at least 10 °C) 

in a controlled thermal ramp (-1 °C/min); the measurements 

were carried out under dynamic conditions (small 

amplitude oscillations, time cure). The region of linear 

viscoelasticity was determined by strain sweep tests carried 

out at various temperatures, to guarantee linear conditions. 

Rheological tests were performed to determine the onset of 

crystallisation (TCO) and the gelation temperature (TG). 

 

2.3 Nuclear Magnetic Resonance 

The 
1
H spin-spin measurements were performed using 

an homemade NMR instrument. It operates at a proton 

frequency of 15 MHz. The Numerical Inverse Laplace 

Transform was applied on the spin-spin echo decay to 

obtain the T2 relaxation time distributions. A classic Carr-

Purcell pulse sequence has been used to record the echo 

decay (Figure 1). The applied width of π/2 pulse was 5.9 μs 

and that of π pulse was 11.8μs.  

 

 

 
Figure 1: The  Carr-Purcell pulse sequence. 

 

 

3 RESULTS AND DISCUSSION 
 

Time cure tests evidenced a moduli increase with 

decreasing temperature, anyway, until a critical value only 

kinetic effects, related to the decrease in molecular mobility 

are observed, as evidenced by an almost constant slope in 

both moduli trend (Figure 2). When a critical temperature is 

reached, a sharp increas in both G’ and G” is observed as a 

consequence of crystallisation phenomena. The onset of 

crystallisation was estimated as the temperature (Tco) at 

which a sharp increase of the complex modulus G* is 

observed. Moreover  a “gelation temperature” (TG) can be 

defined and it can be assumed, in a simple way, as the     

G′–G″ crossover (Figures 2 and 3). Tco is related to the 

crystallisation phenomena and the crystal aggregation in 

clusters, TG is due to the interconnection of the aggregates 

to yield a three-dimensional crystalline network. 

 
 

Figure 2: Time cure test of OBM1, where G′ is the in 

phase (or storage) component, G′′  is the out-of-phase (or 

loss) component and G* the complex modulus. Sample 

fracture and apparent slippage are caused by the sudden and 

relevant crystallization phenomena and prevented the 

moduli to be measured at temperature lower than the gel 

point, in the sample having the highest Myverol content. 

 

 
Figure 3: Time cure test of OBM2, where G′ is the in 

phase component, G′′ is the out-of-phase component and 

G* the complex modulus.  

 

Figures 4 and 5 are a three-dimensional representation 

of the T2 spin-spin relaxation time distributions for the 

OBM1 and OBM2 respectively, at temperatures ranging 

from 20 to 70 °C. The differences between the T2 

distributions of OBM1 and OMB2 can be easily related to 

the Myverol fraction. In fact Myverol is an emulsifier and 

according to the surface tension theory the emulsification 
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takes place by reduction of interfacial tension between two 

phases, which means that have a homogenizer effect.  

The peaks reported in Fig. 5 represent the distributions 

of the spin-spin relaxation times for the OBM2. Each peak 

corresponds to the T2 times distribution of a given macro-

aggregate inside the material, where shorter T2 times 

correspond to more rigid fractions. These fractions seems to 

be be related to the Myverol content. 

 
Figure 4: Numerical Inverse Laplace transform of the 

measured 
1
H-NMR echo decay of OBM1 in the range 

temperature of 20-70°C 

 

 
Figure 5: Numerical Inverse Laplace transform of the 

measured 
1
H-NMR echo decay of OBM2 in the range 

temperature of 20-70°C. 

 

In fact the area of the smaller peak in the case of OBM2 is 

around 3.5%, i.e. almost the Myverol content. On the other 

hand, for OBM1 the second peak was not observed; this 

maybe due to the large amount which strongly interact with 

the oil pahse giving apparently a unique phase where the 

single components are indistinguishable. For OBM2, the 

Myvrol amount, is not probably enough to interact with a 

significant oil amount, therefore it is identified as a 

different component. This seems in agreement with the 

common characteristics of organogelators, i.e. enough low 

solubility (to promote crystal formation) but not so low to 

avoid interactions with oil (yielding separation and 

sedimentation). 

 

4 CONCLUSIONS 
 

An olive oil/mono- and diglyceride (Myverol)/cocoa 

butter organogel was studied by using rheology and NMR 

at selected concentrations. We find out that the transition 

temperature obtained by time cure test can be related to the 

transition temperature obtained by T2 spin-spin relaxation 

times. The variation of the T2 distributions in temperature 

reflects the change in structural organization. The obtained 

results can be useful to better understand the crystallization 

phenomena in edible oil gels and in selecting operating 

conditions for potential commercial applications.  Moreover 

experimental data evidenced that the tri-component system 

could be used as a structured oil phase since it has 

controlled properties in producing and stabilizing water-in-

oil emulsions. Myverol can be used to control the fat phase 

melting point.  
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