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Answers to reviewers: 

Reviewer #1 

Authors have done a comparative studies of structured oil created from different oleogelators. Such kind of 

comparative study has been done in the past (European Journal of Lipid Science and Technology, Vol. 117, 2015, 

pg 1772-1781) but the current study is more comprehensive and uses a larger selection of oleogelators all of which 

worked on direct dispersion principle. Authors should make this clarification and cite the above reference in the 

introduction section.  

We thank the reviewer for the comments. The text was modified accordingly to the reviewer comments and the 

mentioned reference and other relevant reference were added in the text (line 43-51). 

 

Discussion in line 37-40 needs to be more elaborate, I advise author to read this recent opinion paper (Food 

Biophysics, Vol. 13, 2018, pg 113-115) and re-write the discussion accordingly.  

The discussion was implemented based on reviewer comments and the reference added in the text (line 35-39).  

 

Why EC did not form gel at 10%wt is a bit of a mystery to me. It should have at least resulted in a weak gel at 

that concentration. EC gels formation needs a certain holding time at high temperature so probably the protocol 

for manufacturing was not optimal.  

 

By using EC alone, we obtained an inhomogeneous viscous material that was not able to entrap efficaciously oil.  

According to literature, the ability of EC to form gel greatly depends on and the composition of oil considered. 

Most of EC-oleogels reported in literature (Food & Function, Vol. 3, 2013, pp 153-161) were prepared with 

addition of various surfactants (sorbitan monostearate (SMS) Sorbitan monooleate (SMO) and sorbitan tristearate 

(STS)) to improve the structure. However, in this study, to compare oleogelation performances, we decided to 

avoid the use of additional ingredients.  

The text was modified to explain better this point (line 127-129).  

 

In line 157-160, authors should substantiate their claim by including the work on crystal morphology of waxes 

studied using cryo-SEM (Journal of Agricultural and Food Chemistry, Vol. 63, 2015, pg 4862-4869). 

The reference was also added in the text (line 155-156).  

 

Reviewer #2 

 Fayaz et al / Comparative study on the ability of different oleogelators to structure sunflower oil / FOBI-D-19-

00121 

I don't recall having seen a paper in which the solvent was kept constant and the structurant was varies. As such 

this approach seems new. The reason why this type of study is not performed often, is that it is hard to provide a 

mechanistic interpretation of the differences that are observed. There is no natural parameter that is varies between 

the systems. That impacts the present study too. It is a bit difficult to say what the reader learns from this paper, 

except that the systems are different. 

 

In our opinion, comparative studies may be particularly interesting in the attempt to use a selected oil needing 

structurization before final application. The generated information could be particularly useful to set up criteria 

for selecting the proper oleogelator for specific applications. In literature, other authors proposed comparative 

studies but the current study is more comprehensive and uses a larger selection of oleogelators. 

We modify the introduction as well as conclusion to emphasize more these aspects.  

 

 

What I would really like is a more 'universal' conclusion at the end of the paper. What do these results predict for 

novel systems that may be found in the future? 

In our opinion, comparative studies could be very useful in the attempt to define the best performing gelator for 

the specific application. The conclusion was deeply modified as suggested by the review.  (line 195-203). 

Response to Reviewer Comments



 

l.17: resulted -> result  

The word was modified in the text (line 16) 

 

l.18: moglyceride -> monoglyceride 

The word was modified in the text (line17, 60) 

 

l.24: I would include the recent books by Patel (2017) and by Marangoni & Garti (2018) to the overviews 

referenced here 

The mentioned references were cited in the text (line 23). 

 

l.144: Whether the system needs to be cooled to achieve gelling depends on the concentration  

We agree with the reviewer. The sentence was modified accordingly (line 143). 

 

Fig.3: I think this figure is not so clear. Would it be possible to move the curves closer together 9reduce vertical  

shift) and expand the vertical axis? 

Figure 3 was modified according to reviewer suggestion. 

 

l.153: Fig 3 -> Fig 4 

It was modified in the text (line 152) 

 

l.165: This is typically explained by sitisterol hydrate formation, and happens in systems with excess sitosterol 

and traces of water promote this process too. 

The interesting hypothesis of reviewer was added in the text (line 165-166)   

 

 

Reviewer #3 

All the gelators used in this manuscript have been studied extensively, although not all in sunflower oil. All the 

characterization methods used are routine. I don't think it is necessary to repeat these measurements just to compare 

how they behave in sunflower oil. Thus I don't recommend publication unless the work is re-constructed with more 

novelty. 

 

We are sorry that the reviewer did not appreciate the study proposed. We believed, supported also by the opinion 

of other reviewers, that it could give insight to properly define the best performing oleogelator in the selected oil. 

Only in this way, it would be possible to set up criteria for selecting the proper oleogelator for specific applications. 

In literature, other authors proposed comparative studies but the current study is more comprehensive and uses a 

larger selection of oleogelators. We modify the introduction as well as conclusion to emphasize more these aspects.  

 

Reviewer #4 

 The work was well-established and the results were interpreted properly. However, there are still some points to 

be considered: 

 

We thank the reviewer for his/her appreciation of the manuscript. 

Lines 18 and 56: the word "monoglyceride" should be replaced with the incorrect forms. 

The words were corrected (line 17, 60). 

 

Line 24: oil is liquid in its nature. "liquid oil" should be changed. 

The word was modified (line 23). 

 

Lines 27,28: use the same method to show saturated and trans fatty acids (only sat/trans or sat-trans) 

The words were modified as suggested (line 25-26). 



 

Line 86: a negative sign is missed for hexane m.p. (-93.5oC). 

The text was modified as suggested (line 89). 

 

Line 113: mention the reason of choosing 10% or reference it. 

The explanation was added in text (line 64-65). 

 

Lines 132-138: FFA composition analysis (GC) or total polar components analysis is recommended to prove the 

author's justification. 

Based on the well know composition characteristics of sunflower oil, literature data supporting our hypothesis 

was added in the text (line 137-138). 

 

Line 153: "fig. 3" should be replaced with "fig. 4". 

It was modified in the text (line 152) 

 

Line 187: it seems from the sentence that hydrogen bonding is expected for MG and OD but not for ST. If it is 

not so, change the sentence. Otherwise, mention the reason. 

The sentence was modified (line 183-185). 
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Abstract  8 

In this research, the capability of different oleogelators (beeswax, rice bran wax and sunflower wax, stearic acid, octadecanol, 9 

γ-oryzanol+β-sitosterol mixture and ethylcellulose) to structure sunflower oil was studied at 10% (w/w) concentration. The 10 

physical, thermal, and rheological properties of sunflower oil oleogels were determined during storage at 20 °C. Results 11 

highlighted that different structured systems can be obtained by changing the oleogelator type dissolved in sunflower oil. The 12 

network formed by γ-oryzanol and β-sitosterol mixture resulted in the strongest oleogel. Among waxes, beeswax crystal 13 

network exhibited the best structuring performances in comparison to sunflower and rice wax sample. Other oleogels 14 

containing monoglyceride, octadecanol and stearic acid formed weaker sunflower oil gels but with high capacity to retain oil. 15 

Unexpectedly, samples containing ethylcellulose did not result in a gelled structure. During storage, sunflower oil oleogels 16 

showed changes in rheological properties (i.e., monoglyceride and sunflower wax oleogels) and oil binding capacity (i.e, rice 17 

wax, octadecanol and stearic acid oleogels). These findings could be useful for the selection of the best performing sunflower 18 

oil oleogelator depending on the specific intended application.  19 

Keywords: Oleogel, Oleogelator, Sunflower oil, Structure  20 

Introduction 21 

In recent years, oleogel and oil gelation methodologies have attracted vast interest and the research in this area is still growing 22 

[1-4]. In an edible oleogel, the oil is entrapped in a three dimensional network of structuring molecule. The final result is an 23 

anhydrous, viscoelastic and self-standing material [1]. Different possible food applications have been proposed for oleogels. 24 

The most promising one is their use as fat substitute to obtain healthier foods with reduced content of sat/trans fatty acids [2, 25 
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5]. To this regards, they have been used to obtain low-sat/trans bakery products [6-8], chocolate-based products [9-11], ice-26 

cream [12] or meat products [13, 14]. Beside their potential use as fat-replacers, these systems have been also proposed as 27 

functional component able to modulate lipolysis as well as the delivery of bioactive lipophilic molecules [15, 16]. 28 

Up to now, numerous approaches to oil structuring exist. The most common method releases in the direct dispersion of one 29 

or more lipophilic gelators into liquid oil under proper physico-chemical conditions. The resulting solution is then cooled to 30 

induce the self-assembly of the gelator into a network entrapping oil [17]. This direct method can be exploited with different 31 

type of gelators, including crystalline particles (i.e., monoglyceride, fatty acid, fatty alcohol and waxes); self-assembled 32 

fibrillar forming molecules (i.e. mixtures of phytosterols and sterol esters) and polymeric structures (i.e. ethylcellulose) [1]. 33 

It should be noted that ethylcellulose is the only food grade polymer that can form entanglements of three-dimensional 34 

polymer network in oil [18, 19].  However, hydrophilic polymers, such as proteins and carbohydrates, can also be exploited 35 

to generate oleogels, by applying indirect methodologies [20, 21]. In these cases, the network is firstly formed in water-oil 36 

emulsion or in water. Subsequently, water is removed leading to the direct formation of an oleogel or the generation of a 37 

porous material able to further absorb oil [17, 22, 23]. In this context, the procedures applied for water removal deeply affect 38 

the final oleogel properties due to the critical possible collapse of the hydrophilic network during water movement [24]. 39 

By using the above mentioned molecules and proper oleogelation methods, it is possible to generate oleogels with defined 40 

structures and rheological/mechanical properties. The latter can be also steered by controlling other variables, such as gelator 41 

concentration, oil type and processing conditions. A number of papers deal with the deep physical characterization of oleogels 42 

and the effect of these variables [25-27]. In particular, different authors studied the performances of the same oleogelator in 43 

different oils highlighting the effect of oil properties on gelation mechanism [25]. On the other side, it is difficult to find out 44 

comparative information considering the same type of oil structured by applying a large selection of gelators and relevant 45 

production methodologies. On this regard, Patel and Dewettinck [28] studied oleogels containing rapeseed oil structured with 46 

three different approaches considering wax crystals, polymeric stands and gelled water droplets. Moreover, Yilmaz and 47 

Öğütcü [29] compared the gelation properties of monoglyceride and beeswax in hazelnut oil. As result of these papers, 48 

different properties and functionalities of structured systems were compared, suggesting different possible applications for 49 

the considered oleogels. Thus, comparative studies outputs may be particularly interesting in the attempt to use a selected oil 50 

needing structurization before final application. 51 

Based on these considerations, the objective of this study was to compare the ability of different already known oleogelator 52 

molecules (beeswax, rice bran wax and sunflower wax, stearic acid, octadecanol, γ-oryzanol+β-sitosterol mixture and 53 

ethylcellulose) to gel sunflower oil. The latter oil was chosen being one of the most widely used oil rich in unsaturated fatty 54 
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acid by food industry. To this aim, the physical characteristics of oleogels containing 10% (w/w) of the previous listed 55 

oleogelators were investigated by using polarized light microscopy, differential scanning calorimetry (DSC), oil binding 56 

capacity (OBC) and rheological analysis.  57 

 Material and methods 58 

Ethylcellulose 45 cP and 100 cP (Dow Chemical Company, Midland, Michigan, United States), stearic acid and octadecanol 59 

(Sigma-Aldrich S.r.l., Milano, Italy), monoglyceride Myverol™ (Kerry Bioscience, Bristol, United Kingdom), beeswax, rice 60 

bran wax and sunflower wax (KahlWax, Trittau, Germany), γ-oryzanol and β-sitosterol (Nutraceutica S.r.l., Bologna, Italy) 61 

were used as gelators. Sunflower oil (from a local market) was considered as a solvent. 62 

Oleogel preparation 63 

Oleogel was prepared by mixing sunflower oil with different gelators at a concentration of 10% (w/w). The latter concentration 64 

was chosen according to preliminary tests in order to achieve the appropriate gel with possible analytical measurement. The 65 

mixture was heated above the melting point of gelator at least 10 min until all powder dissolved in the oil. Finally, the sample 66 

was quiescently cooled at 20 °C, excluding the mixture containing γ-oryzanol and β-sitosterol (3:2 w/w) that was cooled at 4 67 

°C and stored at this temperature until the gel was formed. Analyses were carried after 24 h and during 30 days of storage at 68 

20 °C. The oleogel samples were coded as: ethylcellulose 45 cP (EC-45) and 100 cP (EC-100), stearic acid (ST), octadecanol 69 

(OD), monoglyceride (MG), beeswax (BW), rice bran wax (RW), sunflower wax (SW), and mixture of γ-oryzanol and β-70 

sitosterol (γ-β).  71 

Visual appearance 72 

The visual appearance of the samples was recorded to know if the oleogels allow to shape in form of the container. The melted 73 

oleogel was poured in a standard plastic mold and stored at 20 °C for 24 h. The samples were taken out of the container and 74 

images were then acquired using an image acquisition cabinet (Immagini & Computer, Bareggio, Italy) equipped with a digital 75 

camera (EOS 550D, Canon, Milan, Italy). Light was provided by four lamps arranged in the front and in the rear at both sides 76 

with 4100 W frosted photographic floodlights, allowing minimum shadow and glare. Image was saved in jpeg format resulting 77 

in 3456 × 2304 pixels. 78 

 79 
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Crystallization induction time 81 

Crystallization induction time was evaluated using a UV-2501 PC UV-VIS (Shimadzu, Kyoto, Japan) spectrophotometer 82 

connected to a CPS-240A thermoelectrically temperature controlled cell holder (Shimadzu). In particular, aliquots of 2 mL 83 

of molten oleogel (heating above melting point at least 10 min) were poured into disposable plastic cuvettes with optical path 84 

of 1 cm. Cuvettes were immediately transferred to the temperature controlled cell holder set at 20 °C. Changes in absorbance 85 

at 600 nm were recorded over time and the crystallization induction time was taken as the onset of the turbidity development 86 

calculated when the absorbance deviates from the baseline by 1%. 87 

Thermal analysis 88 

DSC analysis was carried out using a TA4000 differential scanning calorimeter (Mettler-Toledo, Greifensee, Swiss) 89 

connected to a GraphWare software TAT72.2/5 (Mettler-Toledo). Heat flow calibration was achieved using indium (heat of 90 

fusion 28.45 J/g). Temperature calibration was carried out using hexane (m.p. -93.5 °C), water (m.p. 0.0 °C), and indium 91 

(m.p. 156.6 °C). Samples were prepared by carefully weighing 5-10 mg of oleogels stored for 1 day at room temperature in 92 

40 μL aluminum DSC pans, closed without hermetic sealing. Samples were heated from 20 to 100 °C at 5 °C/min under 93 

nitrogen flow (20 mL/min). An empty pan was used as a reference in the DSC cell. Temperature corresponding to the transition 94 

peak (Tpeak) and melting enthalpy were calculated by the program STARe ver.8.10 (Mettler- Toledo). The enthalpy value of 95 

the neat gelator (ΔHn) and the melting enthalpy in oil (ΔHo) was used to compute the crystallization percentage of the gelator 96 

in oil;    97 

 % Crystallization =
ΔH𝑜

ΔH𝑛
× 100 98 

Polarized light microscopy 99 

Oleogels were analyzed using a polarized light (PL) optical microscope (Leica DM 2000, Leica Microsystems, Heerburg, 100 

Switzerland) connected with a Leica EC3 digital camera (Leica Microsystems). One drop of sample was placed in the middle 101 

of a glass slide and a glass cover slip was centered above the drop. Samples were analyzed using a 200× magnification. Images 102 

were acquired and processed using the application software LeicaSuite LAS EZ (Leica Microsystems). 103 

Oil binding capacity 104 

The oil binding capacity (OBC) of oleogels were determined by weighting about one gram of molten sample into a micro 105 

tube and kept at 20 °C for 24 h. Then, the samples centrifuged at 13000 rpm for 15 min using a microcentrifuge (Mikro 120, 106 
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Hettich Zentrifugen, Andreas Hettich GmbH and Co, Tuttlingen, Germany). The released oil was computed as percentage 107 

ratio between the mass of expressed oil over the total mass of sample. 108 

 Rheological measurement 109 

Rheological properties of samples were determined using a Haake Rheostress 6000 (Thermo Scientific, Rheostress, Haake, 110 

Germany) with application software Haake Rheowin v.4.60.0001 (Thermo Fisher Scientific). The measurements were 111 

performed in a 40-mm parallel-plate geometry system at 20 °C. Aliquots of about 4-5 g of sample were transferred on the 112 

temperature-controlled measuring plate and the measuring gap was set at 2 mm. These operations were conducted gently to 113 

minimize any possible damage of the crystalline network. Samples were left to rest 5 min after loading before testing to relax 114 

and reach a constant temperature. To determine the linear viscoelastic region, dynamic stress sweep measurements at a 115 

frequency of 1 Hz from 1 to 1000 Pa were conducted at 20 °C. The critical stress was determined as the stress where G′ value 116 

decreased of more than 10% the values recorded in the LVR. G′ and G′′ were obtained with a frequency scan from 0.1 to 10 117 

Hz using a fixed stress value included in the linear viscoelastic region. 118 

Data analysis 119 

All data were obtained from at least two measurements from two experiment replications (n≥4) and reported as mean value ± 120 

standard deviation. Bartlett’s test was used to check the homogeneity of variance, one-way ANOVA was carried out and 121 

Tukey-test was used as postdoc test to determine statistical significant differences among means (p<0.05). 122 

Results and Discussion 123 

The visual appearance of sunflower oil oleogels containing 10% (w/w) of different gelators was shown in Figure 1. It can be 124 

noted that the macrostructure of the systems appeared different depending on the structuring molecule dissolved in the oil. 125 

Oleogels containing γ-β, BW and SW resulted solid self-standing materials able to maintain their shape while oleogels 126 

containing RW, OD, MG, and ST appeared as soft gels. Interestingly and in agreement with the literature, γ-β system was the 127 

only transparent oleogel [30, 31].This was attributed to the fact that the building blocks of the gel are considerably smaller 128 

than the wavelength of the visible light with dimension in the nanometer range [31]. Both EC 45 cP and 100 cP highlighted a 129 

bad capacity to structure sunflower oil. In particular, the resulting system appeared inhomogeneous and not capable to 130 

efficaciously entrap oil. This result can be attributed to the chemical characteristic of the oil considered in this work. In 131 

particular, the oil fatty acid composition, polarity and the presence of surface-active molecules significantly affect the resulting 132 

oleogel mechanical properties [2, 32, 33]. For instance, based on literature data, EC 45 cP and EC 100 cP are able to form 133 
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oleogels containing canola oil, flaxseed oil and soybean oil at 11% (w/w) concentration [34]. It can be hypothesized that the 134 

compositional characteristics of the commercial sunflower oil used in the experiments influenced the solvent-polymer 135 

interactions by reducing the EC capability to form the network. Gravelle et al. [32] found out that EC gel strength was 136 

positively correlated to solvent polarity due to the presence of polar chemical species able to form hydrogen bonds with the 137 

polymer. Thus, it can be inferred that the inability of EC to gel sunflower oil was due to the low content of polar compounds 138 

in studied sunflower oil. This is in agreement with literature data, considered sunflower oil as low polar oil due to low 139 

dielectric constant (2.9-3.1 at 25 °C) [30]. Based on these results, EC was not considered in the following experiments.  140 

Figure 2 shows the changes of absorbance at 600 nm as a function of time at 20 °C. From these curves, the crystallization 141 

induction time was calculated. All samples showed a sigmoidal curve highlighting the occurrence of crystallization. RW and 142 

SW immediately started the crystallization process in sunflower oil, whereas the induction time for other structuring molecules 143 

was in the following order: MG, BW, ST and finally OD. It should be noted that this type of measurement was not performed 144 

on γ-β oleogel. At this concentration, the structure formation in this system needs supercooling below 20 °C and more than 145 

24 h to obtain the gel [30]. Moreover, as previously noted, the sample was expected to be transparent upon network formation 146 

due to the nanosize of building blocks.    147 

Oleogel thermal properties were then studied by calorimetric analysis (Fig. 3 and Table 1). All oleogels revealed broader 148 

endothermic peaks with lower Tpeak in comparison to those of neat gelators. This behavior was expected and attributable to 149 

the initial disaggregation of the network in oil followed by the melting of crystals [35]. Enthalpy data was then used to estimate 150 

the percentage of crystallized component in the matrix. It should be noted that about the total mass of MG and SW crystallized 151 

in the matrix (<9%) after 1 day of storage; followed by ST, BW, OD and RW. This calculation was obviously not possible 152 

for γ-β oleogels because these structuring molecules self-assemble into tubules in oil.  153 

The crystals formed in the oil can be appreciated by polarized light microscopy (Fig. 4). It should be remembered that bright 154 

areas in the images correspond to crystals. MG showed small needle-like crystal morphology after gelling formation and 155 

developed random crystal aggregation during storage time. A denser microstructure containing large needle-like crystals was 156 

observed in SW and BW with larger aggregates in SW. The differences observed between waxes are in agreement with the 157 

literature, reporting a close relationship between wax composition and crystal morphology [36, 37]. The SW crystal 158 

morphology could be due to the high content of wax ester and the low concentration of minor component in comparison to 159 

BW (96-97% and 60-70% wax ester in SW and BW, respectively) [37-41]. Although, RW contains mainly wax ester [42], it 160 

showed spherical crystals differently from other waxes considered. This can be explained by the high amount of C24-COOH 161 

and C24 moiety in RW than SW (28% vs 4%, respectively) which influence the crystal morphology of RW [43]. 162 
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The crystals in ST and OC were platelet-like structure with slightly hexagonal shape similar to those observed by Schaink et 163 

al. [44]. Regarding γ-β, as expected no crystal formation was observed after the first day of storage. However, crystals 164 

appeared after 15 days of storage, probably due to the crystallization of molecules not-aggregated in tubules and still 165 

solubilized in the oil [45]. Moreover, in agreement with Sawalha et al. [46], the possible hydration the system could lead to 166 

the formation of monohydrate crystal form. It is noteworthy that, excluding MG and γ-β, other oleogels did not show 167 

appreciable microstructure changes during storage time. 168 

Beside this microstructural information, in the attempt to use oleogel in food systems, their macroscopic feature is of primary 169 

importance. Thus, oil binding capacity as well as rheological properties were analyzed. As shown in Table 2, OBC was in all 170 

cases higher than 90%, with the only exception of RW (81%). During storage, samples containing RW, ST, and OD showed 171 

a reduction of OBC about 5-10%. As reported by Blake and Marangoni [26], the ability of retain oil in structure network is a 172 

complex conception involving morphology, distribution, surface absorption and surface roughness of particles in the system. 173 

The previously described results highlight that gelators forming crystals with needle-like morphology (i.e., ST, OD, SW and 174 

BW) resulted in a network with more efficient entrapping oil capacity. This can be linked to the higher surface area of the 175 

crystals in comparison to spherulitic morphology [35, 41]. 176 

Finally, rheological data were acquired (Table 3). All oleogels revealed gel-like behavior with dominant of storage modulus 177 

(G′) to loss modulus (G″). As expected, the γ-β mixture showed the highest gel strength which is mainly attributable to its 178 

helical tubule building block systems with strong hydrogen bonds among them [30]. Moving to waxes, small needle-like 179 

crystals of BW led to a close three-dimensional network with the strongest gel property. However, large crystals of SW and 180 

spherulitic crystal of RW revealed less gel strength, respectively [47]. It can be supposed that smaller crystals favoured more 181 

crystal-crystal interactions, whereas large and spheriulitic crystals reduced the potential of interlink between crystals. This 182 

result is in agreement with Blake and Marangoni [35], evidencing that the morphology of wax crystals strongly influence the 183 

macro properties of oleogels. Finally, MG and OD presented weak gel followed by the gel containing ST. The different 184 

rheological behavior of the latter systems can be attributed to the formation of hydrogen bonds between -OH groups 185 

throughout MG or OD crystals that could further improve the formation of network compared to ST. Among gel systems, 186 

MG and SW oleogels were the only systems undergoing changes of rheological data as a function of storage time. The increase 187 

in network hardness of SW oleogel during storage can be attributed to the reorganization of wax crystals in post-production 188 

isothermal crystallization. Besides, polymorphic transformation of MG from the sub-α or α-form to β-polymorph could be 189 

the reason of hardness decrease during storage. These hypotheses were also confirmed in our previous work [48]. 190 
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To get more knowledge about rheological properties of oleogels, critical stress was also measured (Table 3). The critical stress 191 

is the point at which Gʹ begins to vary (10%) after the linear viscoelastic region. This index gives information about the force 192 

require breaking the intermolecular forces holding up the structure [43]. In agreement with rheological data, γ-β containing 193 

sample showed the highest stress resistance, followed by BW. The weaker gel was also in this case ST oleogel.  194 

Conclusions 195 

Results obtained in this study revealed the possibility to exploit different type of oleogelators to convert sunflower oil into a 196 

self-standing material. The choice of the gelator cannot be easily predicted since the final oleogel structure depends on 197 

complex interactions between network structure and oil chemical characteristics. From this study emerged that EC cannot be 198 

considered alone to gel sunflower oil at concentrations lower than 10% (w/w); whereas monoglyceride, stearic acid, 199 

octodecanal and waxes resulted to be good gelators, able to form soft gels that can be further easily spread in a multicomponent 200 

food. On the other hand, phytosterol/sterol ester mixture formed solid-like system that could be more interesting when a hard 201 

gel structure is needed in the food formulation. Thus, depending on the expected oleogel application, comparative studies 202 

appear fundamentals to properly define the best performing oleogelator in the selected oil. Only in this way, it would be 203 

possible to set up criteria for selecting the proper oleogelator.  204 
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Tables 275 

 276 

Table 1 Thermal properties (melting peak (Tpeak) and enthalpy of neat gelators (ΔHn) and sunflower oleogels (ΔHO) 277 

containing 10% (w/w) stearic acid (ST), monoglyceride (MG), octadecanol (OD), rice wax (RW), sunflower wax (SW), 278 

beeswax (BW) and γ-oryzanol (γ) and β-sitosterol (β) 279 

In the same row, means indicated by different capital letters are significantly different (p<0.05). 280 
 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

Samples Tn, peak (ºC) To, peak (ºC) ΔHN (Jg-1) ΔHo (Jg-1) Crystallization (%) 

ST F70.80±0.15 B52.55±0.18 B223.2±4.36 A18.36±2.20 8.22 

MG E72.12±0.16 A63.17± 0.31 D196.78±7.33 A17.79 ± 0.64 9.04 

OD H60.15±0.06 B48.84± 3.54 A256.37±4.17 A17.60 ± 0.73 6.86 

RW D78.63±0.03 A67.12±0.05 CD205.51±0.73 B11.77±0.04 5.73 

SW D77.84±0.27 A66.25±0.65 BC210.84±1.19 A19.32±0.20 9.16 

BW G65.37±0.31 B54.29± 0.82 E176.76±1.37 B13.27± 0.93  7.51 

γ 

H60.80±0.71 

A166.12±0.31 
A62.87± 2.18 

H12.55±1.00 

G35.28±1.52 
C1.94± 0.522 - 

β 

C84.59±0.23 

B137.54±0.21 

F47.79±1.10 

F54.32±0.35 
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Table 2 Oil binding capacity (%) of sunflower oleogels containing 10% (w/w) stearic acid (ST), monoglyceride (MG), 296 

octadecanol (OD), rice wax (RW), sunflower wax (SW), beeswax (BW) and mixture of γ-oryzanol and β-sitosterol (γ-β) 297 

during 30 days of storage at 20 °C 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

In the same column, means indicated by different capital letters are significantly different (p<0.05).  306 
In the same row, means indicated by different lower case letters are significantly different (p<0.05). 307 
 308 
 309 
 310 
 311 
 312 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 
 321 
 322 
 323 
 324 
 325 
 326 
 327 
 328 
 329 
 330 
 331 
 332 
 333 
 334 

Samples 1 day 15 days 30 days 

ST B97.49±0.29b A99.96±0.0a D86.71±0.31c 

MG C90.41±0.56b B93.78±0.22a C90.39±0.32b 

OD A99.98±0.01a A99.95±0.04a B96.93±0.11b 

RW D81.38±0.03a C80.00±0.41a E76.46±0.63b 

SW A99.91±0.11a A99.95±0.00a A99.94±0.01a 

BW A99.95±0.02a A99.95±0.04a A99.96±0.03a 

γ-β A99.97±0.01a A99.93±0.00a A99.97±0.02a 
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Table 3 Storage (G′), and loss (G′′) moduli recorded at 1 Hz and critical stress of sunflower oleogels containing 10% (w/w) stearic acid (ST), monoglyceride (MG), 335 
octadecanol (OD), rice wax (RW), sunflower wax (SW), beeswax (BW) and mixture of γ-oryzanol and β-sitosterol (γ-β) during 30 days of storage at 20 °C 336 

 337 
 338 
 339 
 340 
 341 
 342 
 343 
 344 
 345 
 346 
 347 
 348 
 349 

In the same column, means indicated by different capital letters are significantly different (p<0.05).  350 
In the same row, means indicated by different lower case letters are significantly different (p<0.05). 351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

Sample 
1 day 15 days 30 days 

G' (Pa)×104 G'' (Pa)×104 Critical stress (Pa)  G' (Pa)×104 G'' (Pa)×104  G' (Pa)×104 G'' (Pa)×104 

ST D2.53± 0.39b C1.00± 0.17b E10.03± 1.13  D6.21± 0.48a B2.36± 0.20a  E4.28± 0.84ab D1.67± 0.36ab 

MG CD16.32± 0.22a C3.79± 0.10a D51.29± 8.59  D5.41 ± 0.26b B1.23± 0.10b  E4.92± 0.02b D1.13± 0.01b 

OD C29.38± 1.83a B9.51± 0.41a E20.72± 2.28  C22.08± 0.11b B8.28± 0.33ab  D20.21 ± 0.20b B7.27± 0.16b 

RW CD24.93± 3.71a C3.90± 0.57a C120.54± 39.83  C28.27± 6.84a B3.96± 0.93a  D25.07 ± 1.78a C3.81± 0.13a 

SW C31.65± 8.87b B13.61 ± 2.75b CD65.08± 10.91  B65.44± 1.80a A27.04± 1.80a  C68.12± 8.54a A22.10± 2.37ab 

BW B134.60± 6.79a A27.59± 1.30a B477.20± 87.96  A114.45 ± 14.78a A22.14 ± 4.26a  B111.55± 1.20a A20.20 ± 1.06a 

γ-β A175.90± 9.05a A27.21± 0.81a A1547± 233.35  A172.25 ± 0.49a A26.43 ± 2.54a  A185.4± 10.04a A30.13 ± 4.15a 
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Figure captions 362 

Fig. 1 Visual appearance of sunflower oil oleogels containing 10% (w/w) ethylcellulose 45 cP (EC-45), ethylcellulose 100 cP 363 

(EC-100), stearic acid (ST), monoglyceride (MG), octadecanol (OD), rice wax (RW), sunflower wax (SW), beeswax (BW) 364 

and mixture of γ-oryzanol and β-sitosterol (γ-β) 365 

Fig. 2 Crystallization induction time of sunflower oil oleogels containing 10% (w/w) stearic acid (ST), monoglyceride (MG), 366 

octadecanol (OD), rice wax (RW), sunflower wax (SW), and beeswax (BW) at 20 °C. In the same column, means indicated 367 

by different capital letters are significantly different (p<0.05) 368 

Fig. 3 Melting calorimetric curves of neat gelators (a) and sunflower oil oleogels (b) containing 10% (w/w) stearic acid (ST), 369 

monoglyceride (MG), octadecanol (OD), rice wax (RW), sunflower wax (SW), beeswax (BW) and mixture of γ-oryzanol and 370 

β-sitosterol (γ-β) 371 

Fig. 4 Microstructure of sunflower oil oleogels containing 10% (w/w) stearic acid (ST), monoglyceride (MG), octadecanol 372 

(OD), rice wax (RW), sunflower wax (SW), beeswax (BW) and mixture of γ-oryzanol and β-sitostrol (γ-β) 373 

 374 
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