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1 INTRODUCTION

Many sensory attributes of foods（e.g., spreadability, 

mouthfeel, snap, and texture）depend on the fat crystal 

network, which is comprised mainly of high-melting fats
1）

. 

Thus far, high-melting fats containing trans fatty acid and 

saturated fatty acid moieties have been employed. 

However, it has recently been claimed that the intake of 

high levels of trans and saturated fats contribute to global 

epidemics related to metabolic syndrome and cardiovascu-

lar disease
2）

. These negative health implications can be re-

versed by altering the intake and replacing unhealthy fats 

with healthier alternatives. To achieve this, novel technolo-

gies for structuring edible oils must be implemented
3－7）

. To 

address this challenge, organogels were introduced as al-

ternative oil-structuring materials that have physical, 

chemical, and organoleptic properties similar to those of 

conventional high-melting fats; that are cost-effective and 
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food-grade; and that have no negative health effects
3－19）

. 

Organogels are gels with a liquid phase comprised of oil
5）

. 

Gelators form continuous gel networks of small molecules 

that assemble into liquid crystals, micelles, or self-assem-

bled fi brous networks
4, 8）

.

In our previous publication
16）

, we reported that rice

（Oryza sativa）bran wax derived from rice bran, as a by-

product of rice milling, can be used as a good organogelator 

to fulfi ll most of the requirements expected in food applica-

tions. We found that a mixture of RBX and olive oil at a 

concentration ratio of 1:99 wt％ formed organogel at 20℃, 

whereas the lowest concentration necessary for Carnauba 

wax（CRX）to form organogel in olive oil was 4wt％ and that 

for Candellila wax（CLX）was 2 wt％. The RBX crystals 

melted in the bulk state at 77℃ to 79℃ with ΔHmelting＝
190.5 J/g, which is quite high compared with CLX（129 J/g）
and CRX（137.6 J/g）. The XRD data for the RBX crystals 
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revealed O⊥ subcell packing and a long spacing of 6.9 nm. 

Tiny needle-shaped crystals were observed in the mixtures 

of RBX and liquid oils（olive oil and salad oil）. These results 

demonstrate a high possibility of organogel-forming prop-

erties in RBX, mostly because it forms long, needle-like 

crystals fi nely dispersed in liquid oil phases.

The principles behind organogel formation, crystal 

network formation, and their functionality are the most im-

portant areas to be studied, as they are unique to the or-

ganogelators used as well as playing crucial roles in the 

structure of the product. The identifi cation and quantifi ca-

tion of the structural organization of food systems provide 

insight into the relationships among the composition, pro-

cessing, structure, and mechanical properties of the net-

works formed. However, comprehensive knowledge of 

structural network characteristics is still lacking
1）

, and or-

ganogels have been underutilized thus far, due to the in-

ability to modify or predict the microstructure of the 

fi brous network structure
20）

.

From the perspective of structuring liquid oil using RBX, 

continued in-depth studies of the physico-chemical proper-

ties of organogels at the micro level are of utmost impor-

tance. The best approach to obtaining detailed knowledge 

of these properties is to start from the molecular arrange-

ment adopted by the components of the system
21, 22）

. Fun-

damental research on the molecular characteristics of RBX 

organogels would help in the modification of the macro-

scopic properties of the gels. 

In our first paper
16）

, we reported the formation of or-

ganogel in mixtures of RBX and vegetable oils in compari-

son to the organogels formed in mixtures of carnauba wax 

and candelilla wax. This work was the first to show that 

RBX can be a good organogelator. However, the kinetic 

properties of organogel formation, which are determined in 

detail by the rate of crystallization of rice bran wax, were 

not examined in this work. The most advantageous proper-

ty of RBX-based organogel compared to the other plant 

wax-based organogels is its rate of organogel formation, 

which is governed by the rate of crystallization. We there-

fore presented the kinetic properties of organogel forma-

tion of RBX using XRD, DSC, and viscosity measurements.

The purpose of using different vegetable oils in this 

study was to evaluate the effect of liquid oil type on gela-

tion and other physical characteristics of RBX-vegetable oil 

mixtures. Olive oil and salad oil are commonly used in food 

as edible oils, whereas camellia oil is used mostly for cos-

metics rather than for edible purposes. Terech et al. re-

ported that the nature of the solvent can also infl uence ge-

lation
23）

. Burkhardt et al. studied the correlation between 

the polarity of the solvent and the amount of gelator re-

quired for gelation in organogels prepared using 12-hy-

droxystearic acid（HSA）. The required amount of HSA for 

gelation increased with more polar solvents. The appear-

ance of formed organogels differs with HSA concentration 

and solvent type
24）

. However, the appearance of RBX-vege-

table oil organogels differs only with RBX concentration 

and not with solvent type.

2 EXPERIMENTAL PROCEDURES

2.1 Materials and sample preparation

RBX was supplied by Global Agritech, Inc., Minneapolis, 

MN USA. RBX was blended with salad oil（canola: soybean 

oil＝50:50）［C16:0 8.3％, C18:1 38.1％, C18:2 40.3％, C18:3 

7.9％］（Nisshin OilliO, Japan）, olive oil（J-Oil Mills, Japan）, 
and camellia oil（Yokozeki Oil and Fat Industries Co., 

Japan）at 1, 3, 6, and 10 wt％ levels. Samples were pre-

pared by dissolving the weighed solid waxes in a weighed 

amount of liquid oil at 80℃, which was suffi cient to obtain 

full melting of all components. The heated solutions were 

subsequently cooled to room temperature（20℃）and 

stored at this temperature. All concentrations discussed 

here are expressed as a weight percentage（wt％）.

2.2 Thermal analysis 

The melting temperature（Tm）and crystallization tem-

perature（Tc）of RBX-vegetable oil organogels were deter-

mined by differential scanning calorimetry（DSC）using a 

Rigaku DSC-8240 calorimeter（Rigaku, Tokyo, Japan）. 
Samples（10 to 15 mg）were hermetically sealed in alumi-

num pans, heated from room temperature to 100℃, then 

cooled to 0℃, and heated again to 100℃. The rate of tem-

perature variation was 5℃/min for heating and cooling. 

The peak Tm, Tc, melting enthalpy（ΔHm）, and crystalliza-

tion（ΔHc）were determined using the software provided 

with the instrument. DSC measurements were carried out 

in triplicate for RBX in liquid oils. The average endothermic 

peak value was taken as Tm. 

2.3 Crystal morphology

The RBX crystals formed in olive oil were observed with 

polarized optical microscopy. The crystal morphology was 

compared at different solute concentrations of RBX at 1 

wt％, 6 wt％, and 10 wt％. The mixtures of RBX and olive 

oil were prepared by adding an appropriate amount of 

waxes to the liquid oils and heating to 80℃ to form a ho-

mogenous solution. The solutions were cooled to room 

temperature until wax crystals formed. The crystals were 

observed by polarized light microscopy using an Olympus 

CX31 PF Optical microscope（Olympus Optical Co., Ltd., 

Japan）. A small amount of sample containing crystals was 

placed on a glass microscope slide and gently covered with 

a glass cover slip. Digital images of partially and fully polar-

ized specimens were acquired using an Olympus DP12-2 

camera（Olympus Corporation, Japan）.
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2.4 Viscosity measurements 

The viscosity of the RBX-vegetable oil organogels was 

measured during cooling using a Vibro Viscometer SV-10（A 

& D, Japan）with a Thermo-mate BF 400（Yamato, Japan）. 
This viscometer uses a frequency of 30Hz at constant fre-

quency and amplitude. The effect the of type of vegetable 

oil on the viscosity of the organogels was measured for all 

concentrations of RBX in salad oil, olive oil, and camellia 

oil. 

The prepared gel samples were heated to 80℃ for com-

plete melting. The melted sample was placed in the sample 

cell of the viscometer at 80℃, and two gold-plated paddle 

sensors were immersed in the sample. The viscosity change 

of the sample was then measured with respect to the tem-

perature during cooling from 80℃ to 20℃ at a rate of ～
1℃/min. The measured viscosity for each sample was 

plotted against the temperature. 

2.5 Hardness measurements 

An EX-120-E Penetrometer（Elex Scientific, Tokyo, 

Japan）was used to measure the hardness of the organogels 

made of RBX in vegetable oils. The sample cups in which 

the samples were kept during the measurement had an in-

ternal diameter of 5.5 cm and a depth of 3.4 cm. Each 

sample cup included a glass container fi lled with water to 

maintain a constant temperature during the measurement. 

The internal diameter of the glass container was 10.7 cm, 

and its depth was 6 cm. The conical plastic probe of the 

penetrometer had a base diameter of 16.25±0.015 mm, a 

cone height of 7.075±0.015 mm, and a weight of 9.38±
0.025 g. A load weighing 50 g was placed on the sample in 

each penetration. The penetration depth was measured 

three times for each sample at 20℃, and average values 

were calculated. 

2.6 Synchrotron radiation X-ray diffraction analysis

Synchrotron radiation X-ray diffraction（SR-XRD, λ＝
0.15 nm）studies were conducted at the Photon Factory

（PF, BL-15A）at the National Laboratory for High-Energy 

Physics, Tsukuba, Japan. The PF operates at 2.5 GeV. XRD 

spectra were recorded every 30 seconds using two gas-

fi lled one-dimensional position-sensitive detectors. One de-

tector was for the small-angle region（Rigaku, Tokyo, 512 

channels over a total length of 200mm）; the other was for 

the wide-angle region（MAC Science, Tokyo, 512 channels 

over a total length of 50mm）. The distances between the 

sample and detector were 1280 mm（small-angle）and 280 

mm（wide-angle）. The temperature of the sample was con-

trolled by two water baths and recorded in combination 

with XRD data collection. The 2％ RBX-salad oil organogel 

was heated to melt and XRD spectra were recorded during 

cooling from 80℃ to 20℃.

3 RESULTS AND DISCUSSION

Cooling and heating thermograms for RBX in salad oil, 

olive oil, and camellia oil mixtures at a concentration of 1％
（wt）are presented in Fig. 1. The thermal behavior of the 

RBX-vegetable oil mixtures was examined during cooling 

to 0℃ after melting at 100℃, and during re-heating of the 

first crystallized material from 0℃ to 100℃. The cooling 

and heating rates were 5℃/min. Regardless of the type of 

vegetable oil used, RBX exhibited broad DSC melting peaks 

with an indefinite start and a blunt maximum, as we ob-

served in earlier investigations of bulk RBX and RBX-salad 

oil, olive oil, and liquid paraffi n mixtures in different RBX 

concentrations at a rate of 2℃/min for cooling and 

heating
16）

. 

RBX is a natural product with a complex composition 

created by esterifi ed long-chain fatty acids and long-chain 

fatty alcohols of different chain lengths, along with various 

other minor components, which explains the presence of 

broad exothermal and endothermal peaks
16）

. RBX exhibited 

clear single exotherms in all of the oil mixtures, indicating 

that all of the components in RBX form crystals over a con-

siderably narrow temperature range（3.3±0.2℃）. The 

onset of crystallization, peak top, and the end set of crys-

tallization temperatures are indicated in the fi gure. RBX-

olive oil and RBX-camellia oil mixtures have more similar 

melting and crystallization temperatures than RBX-salad 

oil mixtures. 

During heating, RBX-vegetable oil mixtures exhibited 

much broad（24.6±0.8℃）endotherms, with one prominent 

peak and two shoulder peaks on either side of the endo-

thermic peak. This behavior is quite different from what we 

observed previously with bulk RBX and higher concentra-

tions（＞1％wt）of RBX in salad oil at a heating rate of 2℃/

min
16）

. Figure 1 presents the onset of melting, three peak 

top temperatures, and the end set of melting temperatures. 

CLX, a natural plant wax that has organogel-formation 

ability, exhibited similar thermal behavior during cooling 

and heating of CLX-safflower oil mixtures
14, 15）

and in its 

bulk state
16）

. Earlier authors explained this occurrence of 

multiple crystallization and melting profi les of CLX as due 

to the development of mixed molecular packing of n-al-

kanes present in CLX
14, 15）

. However, the long-chain fatty 

acids and fatty alcohol esters present in RBX do not tend 

to form such mixed self-assembled structures with a lower 

extent of three-dimensional molecular structure
16）

. These 

multiple peaks in the melting profi le of RBX tend not to be 

visible at higher RBX concentrations（＞1％wt.）. Thus, 

melting of the less dominant fatty acid and fatty alcohol 

esters becomes less prominent, due to the melting of more 

abundant fatty acid and fatty alcohol esters in the higher 

levels of RBX-vegetable oil mixtures. Almost all of the 

combinations of RBX-vegetable oil mixtures in Fig. 1 

exhibit similar thermal behavior, although RBX-salad oil 

mixtures have values that deviate from the rest. This result 
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indicates that the liquid component does not affect the 

thermal properties of the organogel, which is solely gov-

erned by the solid component or the organogelator that 

causes the network to entrap the liquid oil to produce the 

organogel.

Figure 2 presents optical micrographs of crystals of RBX 

in olive oil taken at room temperature. We compared the 

crystal morphologies of different RBX concentrations in 

olive oil. The RBX crystals had a very long needle shape, 

which is a desirable feature for gel formation
23, 25）

. The size 

of the crystal increased proportionately with increased 

RBX concentration. RBX crystals at 10％（w/w）in an olive 

oil mixture exhibited thick crystals 100 μm or longer, 

whereas crystals at 1％（w/w）in olive oil were 20 to 50 μm 

long. The long needle-like structures of RBX form a good 

crystal matrix that meshes well at the crystal-crystal inter-

faces to form organogels; this crystal morphology enables 

the entrapment of large volumes of liquid oils in crystalline 

scaffolding
16）

. Therefore, we can expect that the interac-

tion between RBX crystals and gel strength may improve in 

proportion to the solute concentration. Regarding the 

effects of liquid oils on the crystal morphology of RBX, no 

difference was observed in crystal morphology between 

olive oil and salad oil（data not shown）.
Organogel hardness is a critical factor in industrial appli-

cations. Neither harder nor softer states are considered a 

favorable quality for organogels. The hardnesses of RBX-

vegetable oil mixtures measured at 20℃ are presented in 

Fig. 3. Since the 1％wt level was much softer, no penetra-

tion experiments were conducted for those samples. The 

depth（mm）to which the penetration probe of the instru-

ment penetrated in the gel was used to evaluate hardness, 

with larger values of penetration depth indicating a softer 

gel structure. In previous investigations, RBX had compara-

tively greater hardness than other plant waxes in olive 

oil
16）

. At 3％ and 6％（w/w）levels, RBX in olive oil formed 

softer gels than in the other two vegetable oils, and at 10％
（w/w）, RBX in olive oil formed the hardest gel among all of 

the tested samples. RBX formed softer gels with salad oil 

at all the tested concentrations, and no difference in hard-

ness was observed for 6％ and 10％（w/w）RBX in salad oil 

gels. At 3％（w/w）, RBX formed the hardest gel with camel-

lia oil; at 6％ and 10％（w/w）, RBX in the same oil exhibited 

medium hardness compared to that in the other two vege-

table oils.

Figure 4 presents the changes in viscosity with tempera-

ture of organogels prepared with 1％（w/w）RBX in the 

three vegetable oils. The viscosity of the organogels was 

measured during cooling from 80℃ to 20℃. RBX-olive oil 

had the highest viscosity, and RBX-salad oil organogels had 

the lowest viscosity during the cooling process. RBX-olive 

oil organogel had nearly three times higher viscosity than 

the maximum viscosity of RBX-salad oil organogel. Fur-

thermore, no signifi cant difference was observed between 

the maximum viscosities presented by the olive oil and ca-

mellia oil with RBX at the end of cooling. In a previous in-

vestigation, we demonstrated that gel viscosity changes oc-

curred at  the same temperature as the onset of 

crystallization
16）

. This is also clear when considering the 

exotherms of the three organogels presented in Fig. 1. 

Fig. 1　DSC Measurements of mixtures of RBX in different oils [1 % (w/w)].
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Similar viscosity changes were observed during heating

（data not shown）. All three samples reached minimum vis-

cosities at temperatures equal to the end set temperatures 

of the DSC endotherms.

As for the effects of liquid oil type, the RBX-salad oil 

mixture displayed rather deviated characteristics in gela-

tion（Fig. 1）, gel strength（Fig. 3）, and viscous properties

（Fig. 4）, compared to the RBX-olive oil and RBX-camellia 

oil mixtures. The major fatty acid composition of olive oil is 

Oleic（18:1）－78.0％, Linoleic（18:2）－8.3％, Linolenic

（18:3）－0.8％, Palmitic（16:0）－8.4％, Stearic（18:0）－
2.5％26）

. Camellia oil possesses similar fatty acid composi-

tion: Oleic（18:1）－82.0％, Linoleic（18:2）－6.8％, Linolenic

（18:3）－0.4％, Palmitic（16:0）－7.9％, Stearic（18:0）－ 

1.8％, Eicosaenoic（20:1）－0.6％27）
. The salad oil used in 

this study was a blend of canola oil containing Oleic（18:1）
－61.6％, Linoleic（18:2）－21.7％, Linolenic（18:3）－9.6％, 

Palmitic（16:0）－3.6％, Stearic（18:0）－1.5％, Eicosaenoic

（20:1）－1.4％26）
, and soybean oil containing Oleic（18:1）－

23.8％, Linoleic（18:2）－53.3％, Linolenic（18:3）－7.6％, 

Palmitic（16:0）－10.8％, Stearic（18:0）－4.0％26）
. The vis-

cosity of salad oil is lower than that of the other two oils

（Fig. 4）, and the hardness of the 10％ concentration is 

lower for salad oil than for the other two（Fig. 3）. The 

liquid oil type should therefore have some effect, since or-

ganogels using salad oil are softer than those using olive oil 

and camellia oil. This result may be due to the increased 

concentration of oleic acid and the decreased concentra-

tion of linoleic acid for olive oil and camellia oil, compared 

with salad oil. Therefore, RBX crystals are more soluble in 

salad oil than in the other two oils, and the strength of the 

crystal network of RBX in salad oil organogel may be 

reduced at the crystal junctions.

A large increase in the maximum viscosity of RBX-salad 

oil gels in the cooling process was observed with increasing 

RBX concentrations（Figs. 5 and 6）. At 3％（w/w）RBX, the 

maximum viscosity achieved is more than three times 

Fig. 2　 Optical micrographs of RBX crystals (a) 1 %, (b) 

6 %, (c) 10 % w/w in olive oil. 

Fig. 3　 Hardness measurements of the mixtures of RBX 

and 3 oils examined by penetrometry at 20°C.

Fig. 4　 Changes in viscosity during cooling process of 

RBX [1 % (w/w)] in three liquid oils.



L. S. K. Dassanayake, D. R. Kodali, S. Ueno and K. Sato

J. Oleo Sci. 61, (1) 1-9 (2012)

6

higher than at 1％（w/w）RBX. The maximum viscosity of 

the same mixture is 10 times higher than at 3％（w/w）with 

RBX concentrations of 6％（w/w）and 10％（w/w）（Figs. 5a 

and 6a）. Interestingly, at 10％（w/w）, once the RBX-salad 

oil mixture reached the onset of crystallization tempera-

ture the viscosity level increased linearly to its maximum 

value over a short range of temperature decline, while at 

6％（w/w）it required a much broader range of temperature 

difference（20℃）to reach maximum viscosity. Changes in 

the viscosity of RBX-vegetable oil gels occurred in parallel 

with changes in the thermal properties displayed by the 

DSC exotherms（Figs. 5b and 6b）. This is always applicable 

regardless of the RBX concentration and the type of liquid 

oil used.

The effect of wax concentration on hardness and viscosi-

ty is also explained by crystal behavior, size, shape and 

thermal kinetics. Fiber-like needle crystals form a strong 

gel network, leading to high melting and crystallization 

points
16）

. As depicted in Fig. 2, higher RBX levels form 

comparatively longer and thicker fibrous crystals, which 

help to create a strong crystal network; thus, highly viscous 

and hard organogels form.

Figure 7 depicts small and wide-angle SR-XRD patterns 

that were simultaneously measured with DSC, taken during 

the cooling process of 2％（w/w）RBX-salad oil gels. Lakmali 

Samuditha K. Dassanayake
1
, Dharma R. Kodali

2, 3＊
, S. 

Ueno
1＊

 and K. Sato（b）depicts a DSC cooling thermogram 

for a sample that was initially heated to 100℃ and then 

cooled to 0℃ at a rate of 5℃/min. The onset of the endo-

thermic peak was 52℃, and the peak top temperature was 

51℃.

The powerful X-ray beam obtained from the synchrotron 

source enables a complete and detailed X-ray diffraction 

spectra compared to powder XRD studies, especially in the 

small-angle region. The short-spacing spectra agree with 

the powder XRD studies of bulk RBX and 8％（w/w）RBX-

olive oil gels observed earlier
16）

. However, the long-spacing 

spectra obtained from SR-XRD do not agree with the 

powder XRD observations
16）

. Considering the reliability of 

SR-XRD and its potential to improve on powder XRD in 

producing diffraction spectra in small-angle regions, the 

d-spacings obtained by SR-XRD could become the accept-

ed values.

Figure 7a depicts small and wide-angle SR-XRD spectra 

taken at 30-second intervals with a 10-second exposure 

time. Soon after 52℃ was reached, a small peak with a long 

spacing of 7.4 nm appeared in the small-angle region. Upon 

cooling, the peak remained constant up to 0℃. Corre-

spondingly, short-spacing spectra of 0.41 nm and 0.38 nm 

appeared at 52℃ in the wide-angle region. This result indi-

cates the orthorhombic perpendicular（O⊥）subcell packing 

that was characterized in RBX in previous investigations
16, 25）

. 

Similar structures are found for most natural plant waxes 

and beeswax
28－31）

. The remarkably weaker intensity of 

long-spacing patterns compared with that of short-spacing 

patterns demonstrates strong anisotropy in crystal growth 

Fig. 5　 (a) Changes in viscosity during cooling process 

and (b) DSC cooling thermograms of RBX [1 % 

and 3 % (w/w)] in salad oil mixtures.

Fig. 6　 (a) Changes in viscosity during cooling process 

and (b) DSC cooling thermograms of RBX [6 % 

and 10 % (w/w)] in salad oil mixtures.
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rates between directions vertical to the lamellar plane and 

within the lamellar plane. This result has been verifi ed and 

is in agreement with powder XRD analysis
16, 25）

. Kodali
25）

stated that the molecular interactions within the lamellar 

planes are far greater than those through the end methyl 

groups due to van der Waals interaction between the long 

hydrocarbon chains and polar ester functional groups. This 

property leads to a faster crystal growth rate within the 

lateral plane and an extremely slow crystal growth rate 

through the end methyl plane. This unique crystal growth 

of RBX leads to either needle or platelet crystal morpholo-

gy, as observed in Fig. 2. Recent cryo-TEM（transmission 

electron microscopic）analysis of fat crystals in liquid oil re-

vealed such crystal morphologies as thin plate and long 

needle plate of nanometer scale dimensions
32, 33）

. 

Figure 8 plots the temperature dependence of the inten-

sity of the small-angle XRD peaks（7.4 nm in Fig. 7a）of 

RBX in salad oil, which were taken using SR-XRD during 

cooling from 100℃ to 0℃. The intensity of each peak was 

calculated from the total area of the diffraction spectrum 

at each temperature. The spectral intensity began to in-

crease at 49℃ and increased rapidly around 40℃, reaching 

a plateau at 30℃. This feature of the XRD peak intensity 

variation with temperature also corresponds well with the 

DSC cooling exothermic peak in Fig. 7b. However, Fig. 8 

more clearly indicates that the rate of crystallization of 

RBX is quite high and that the network of the RBX crystals 

was formed rapidly, as indicated by viscosity measure-

Fig. 7　 Synchrotron radiation X-ray diffraction spectra (a) and DSC cooling thermogram (b) of Rice bran wax (2 % w/w) 

in salad oil.

Fig. 8　 Temperature dependence of the intensity of 

SAXS diffraction peaks (7.4 nm in Fig. 7a) of 2 

% (w/w) rice bran wax in salad oil.
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ments（Figs. 4-6）.

4 CONCLUSION

The crystallization kinetics of organogels prepared using 

RBX and different liquid oils were studied to find candi-

dates for structured oils, namely organogels, without TAGs. 

The high thermal stability, crystallinity, and strength of the 

RBX organogels were emphasized by the high melting tem-

peratures and crystal morphology of the thin, needle-

shaped crystals of RBX, which caused a sharp increase in 

viscosity during the cooling process. The crystallization ki-

netics of organogels was somewhat affected by the type of 

liquid oil used: salad oil had softer organogels than olive oil 

and camellia oil. The reasons for the differences in organo-

gels using the three vegetable oils are associated with dif-

ferences in the TAG composition of the vegetable oils, 

which in turn result in different viscosities of the RBX 

crystal dispersion and different hardnesses of the RBX or-

ganogels. The vegetable oils containing TAGs consist of 

saturated fatty acids and high melting fatty acids cause 

highly viscous and hard organogels. In particular, the or-

ganogels of RBX with olive oil and camellia oil were much 

harder than that with salad oil, because the former oils in-

cluded high-melting fatty acids, namely oleic and palmitic 

acids, which increased the viscosity of the organogels and 

the rate of crystallization of the RBX.

However, the RBX concentration exhibited the most sig-

nifi cant effect on organogel characteristics, as demonstrat-

ed by microscopy and by viscosity and hardness evalua-

tions. SR-XRD results provided evidence of tight packing 

of RBX crystals in an orthorhombic perpendicular（O⊥）
subcell structure.
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