
















T.C. 
TÜRK PATENT VE MARKA KURUMU 

Patent Dairesi Başkanlığı

Bu belge, güvenli elektronik imza ile imzalanmıştır.
Belge Doğrulama Adresi : https://belgedogrulama.turkpatent.gov.tr/bg.aspx?Id=5B2A9448-EFC4-4232-A574-FAA25798CE5F
Gazi Mahallesi Hipodrom Caddesi No:13 (06560) 
Yenimahalle / ANKARA
Telefon No: (0312) 303 1 303  Faks No : (0312) 303 11 73
İnternet Adresi www.turkpatent.gov.tr 
Kep Adresi : tpe@hs01.kep.tr

Bilgi İçin: Batuhan ERTÜRK

Unvan:

Telefon No:

Eposta: batuhan.erturk@turkpatent.gov.tr

Sayı : E-39616753-110-210764851 23.12.2021
Konu : Patent Yazısı - 2017/03522 Numaralı 

Başvuru

RÜŞTÜ GÜMÜŞ (ACAR FİKRİ MÜLKİYET VE YÖNETİM DAN. A.Ş.)

 
İlgi : 08/03/2017 tarihli, 2017/03522 numaralı başvurunuz.

 
İlgide kayıtlı başvuru ve buna ilişkin buluşun 6769 Sayılı Sınai Mülkiyet Kanununun 98 inci 

maddesinin ikinci fıkrası hükmüne göre incelenmesine ilişkin 1. Bildirim ilişikte gönderilmektedir.
Söz konusu başvurunuzla ilgili olarak anılan Kanunun 98 inci maddesinin dördüncü fıkrası ve ilgili 

Yönetmeliğin 103 üncü maddesinin ikinci fıkrası hükümleri uyarınca, 1. Bildirimde yer alan hususlara ilişkin 
görüşünüzün veya yapılacak değişikliklerin tebliğ tarihinden itibaren üç ay içinde Kurumumuza 
gönderilmesi gerekmektedir. 

Anılan süre içinde görüş bildirilmemesi veya değişiklik yapılmaması halinde başvurunuz geri çekilmiş 
sayılacaktır.

İşbu yazıya konu talebi, Kurumumuzun Elektronik Başvuru Sistemi (epats.turkpatent.gov.tr) 
üzerinden, Benim Sayfam panelinde Başvuru Sonrası İşlemler menüsü altında yer alan "İnceleme Bildirimine 
Cevap Verme" işlemini seçerek gerçekleştirebilirsiniz.

Saygılarımla.
 

 Batuhan ERTÜRK
Kurum Başkanı a.

Sınai Mülkiyet Uzmanı

    
EK: İncelemeye İlişkin Görüş 

 



İNCELEMEYE İLİŞKİN GÖRÜŞ
Başvuru No:
2017/03522

Başvuru Tarihi:
08/03/2017

(İlk) Rüçhan Tarihi
-----------

Patent Sınıfı (IPC):

A23D 7/00 

PATENTLENEBİLİRLİK ŞARTLARI İLE İLGİLİ AÇIKLAMALAR

Yenilik EVET İstem 1-4

HAYIR İstem ----

Buluş Basamağı EVET İstem 4

HAYIR İstem 1-3

Sanayiye Uygulanabilirlik EVET İstem 1-4

HAYIR İstem ----

DETAYLI GÖRÜŞLER

İlgili Dokümanlar

İncelemeye ilişkin görüş aşağıda belirtilenler esas alınarak hazırlanmıştır.

Tarifname  5 sayfa (31/01/2020 tarihli değişen nüsha)

İstem          4 adet  (31/01/2020 tarihli değişen nüsha)

Başvuru sahibinin  31/01/2020 tarihli görüşleri 

Aşağıdaki dokümanların başvuru ile ilgili olduğu düşünülmektedir:

D1: “Characterization of Hazelnut Oil Oleogels Prepared with Sunflower and Carnabua Waxes” International
Journal of Food Properties

D2: US2015157038 A1

D3:  https://www.youtube.com/watch?v=ik1XGouPhLg

DüzenlenmeTarihi: 23/12/2021

TÜRK PATENT VE MARKA KURUMU
Patent Dairesi Başkanlığı
Hipodrom Cad. No:115 06330 Yenimahalle/ANKARA
Tel:    (312) 303 1182
Faks: (312) 303 1220

İncelemeyi Yapan Uzman:

Batuhan ERTÜRK



Başvuru konusu buluş, farklı jelleşme ajanları ile sıvı yağlardan, doymuş ve trans yağ içeriği düşük katı yağların 
elde edilmesini mümkün kılan oleojelasyon yöntemi ile elde edilen oleojellerin içerisine bal katılarak üretilen 
sürülebilir kahvaltılık yağ elde edilmesi ile ilgilidir.

D2 dokümanı, İstem 1’de tanımlanan buluş konusunda tekniğin bilinen durumunu gösteren en yakın doküman 
olarak alınmıştır. 

Patentlenebilirlik Şartları

Yenilik

Tekniğin bilinen durumunda, buluşa ait söz konusu özelliklerin tümünün bir arada olduğu bir doküman mevcut 
değildir. 
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Characterization of Hazelnut Oil Oleogels Prepared with
Sunflower and Carnauba Waxes

Mustafa Öğütcü and Emin Yılmaz

Department of Food Engineering, Çanakkale Onsekiz Mart University, Çanakkale, Turkey

In this study, hazelnut oil oleogels prepared with sunflower wax and carnauba wax were analyzed and
compared with a commercial shortening. Oil binding capacities of sunflower wax oleogels were higher
than 99%, while carnauba wax had a maximum value of 97.6% for 10% addition level. At 3% addi-
tion level of carnauba wax, no gel developed. The crystal formation time of sunflower wax was shorter.
Although the highest (8.5%) solid fat content was observed in the 10% carnauba wax containing oleogel
(HC10) sample, it was 30.4% in the commercial shortening sample at 20◦C. The peak melting temper-
ature of commercial shortening was 52.3◦C, and among all organogels, sunflower wax oleogel at 3%
addition level had the closest value (58.4◦C). The melting enthalpies of the oleogels ranged from 4.3 to
20.3 J/g, while it was 10.9 J/g for the commercial shortening sample. The firmness and stickiness values
in the oleogel samples were lower than that of commercial shortening sample. On the other hand, there
was no significant change of firmness and stickiness during storage, indicating good stability (p ≤ 0.001).
Especially the sunflower wax oleogels were very homogenous and smooth in structure. The polarized
light microscopy pictures revealed needle-like crystals for sunflower wax and aggregate-like crystals for
carnauba wax oleogels. The x-ray diffraction measurements of the crystals showed the β´ types of the
polymorphic structures. Furthermore, the oleogels were very stable against oxidation during the storage
period. Hazelnut oil organogels prepared with sunflower wax can be good source material for shortening
or margarine-like products.

Keywords: Oleogel, Hazelnut oil, Sunflower wax, Carnauba wax, X-ray diffraction, Storage.

INTRODUCTION

Edible oils naturally exist in solid, semi-solid or liquid state, and this physical state can determine
their application areas in food products.[1,2] The physical state of oil depends on the chain length
and saturation level of its fatty acids, cis/trans isomers content and the position of fatty acids in
the glycerol. As versatile raw materials, the physical properties of liquid oils have been modified by
some technological applications such as hydrogenation, fractionation, interesterification, blending,
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and crystallization. Although these present technologies are useful, they may have some disadvan-
tages, such as increase in saturated and trans fatty acid content, expensive investment and higher
operation cost.[1,3,4]

Oil structuring has been a technological challenge for many research efforts. Organogelation is
based on a completely different approach than hydrogenation or fractionation.[2] Briefly, some small
molecular weight organogelator agents are added into liquid oil and mixed, and the oil is entrapped
within a thermo-reversible, 3-dimentional network created by the organogelators. Apparently there
is no change in the fatty acid composition of the stock oil. For edible oils, sometimes the term
“oleogel” is used to distinguish it from other organic phase gels. This technique is novel, easy
to apply, relatively cheaper, and safer compared to hydrogenation. The most important challenge
in organogelation researches is to find the most suitable organogelators. Oleogels are suggested for
production of plastic fat stocks, nutraceutical encapsulation and delivery, controlled release of bioac-
tives, production of creams and cookies, substitution in meat products and confectionary, minimizing
oil migration in different processed foods, and others.[2,3,5,6]

Among others, natural waxes have been investigated for their organogelation properties in edible
oils. Carnauba wax (CW) is produced from the leaves of Brazilian palm, Copernicia prunifera.
It is usually more expensive than most of the other plant waxes.[2] In a study,[7] the organogel
properties of rice bran wax, candelilla wax, and CW were compared. The melting temperature and
enthalpy change of CW were determined to be 84◦C and 137.6 J/g, respectively. It was shown
that the minimum gel concentration for CW is 4%, and gelation time was 13.5 min. The hardness
value of CW oleogels was the lowest among others. In that study, it was concluded that rice bran
wax was the best as organogelators when compared with candelilla and CWs. Sunflower wax (SW)
is produced from the seeds of Helianthus annuus plant.[2] The organogelation properties of SW
with soybean oil were investigated. The minimum quantity required for gelation were determined
for many plant waxes, animal waxes, and synthetic waxes in that study, but only SW organogels
were studied extensively. It was determined that SW can produce gels at 0.5–10% concentration
with 47–67◦C melting point range, and as the wax content increased in the organogels, the melting
temperatures, enthalpies, and firmnesses enhanced. The microphotographs of SW organogels were
also provided.[8]

In this study, the oleogels of hazelnut oil (HO) prepared with CW and SW and their textural,
structural, thermal, visual, and storage properties were examined in detail. Three different addition
levels (3, 7, and 10%, w/w) of the waxes were also compared to find out the most suitable one
as spreadable product. The oleogels produced in this study were also compared with a commercial
shortening (CS) product to reveal the level of similarities. In addition, storage stability for texture and
oxidation was monitored at both room and refrigerator temperatures for three months. Furthermore,
the x-ray diffraction (XRD) data is provided for the oleogels developed. To our best knowledge, the
literature is lacking for SW oleogels for XRD pattern data.

MATERIALS AND METHODS

Materials

Refined HO (Çotanak Oil Co., Ordu, Turkey) was purchased from marketplaces. The fatty acid
composition of the oil (% weight) provided by the producer, as 0.03% myristic, 5.87% palmitic,
0.2% palmitoleic, 2.64% stearic, 82.7% oleic, 9.50% linoleic, 0.07% linolenic, 0.13% arachidic,
and 0.02% behenic acids. SW (6607L) was purchased from KahlWax (Kahl GmbH & Co., Trittau,
Germany). It is a yellowish solid pellet with soft/characteristic odor, with 0.85–1.05 g/cm3 density
at 20◦C, having a melting range of 74–80◦C, acid value of 2–8 mg KOH/g, saponification value
of 80–96 mg KOH/g, peroxide value (PV) of 0 mval/kg. It is classified as free from dangerous
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chemicals according to Annex I to Directive 67/548/EEC. CW (5023) was also purchased from
KahlWax (Kahl GmbH & Co., Trittau, Germany). It is a yellow to brown solid powder/flakes
with faint odor, having density of 0.99–1.00 g/cm3 at 20◦C, with melting range of 78–88◦C, acid
value of 5–15 mg KOH/g, saponification value of 80–95 mg KOH/g. No dangerous materials were
acknowledged and the wax was claimed as safe product.

Preparation of the Oleogels

The addition levels of waxes were 3, 7, and 10% as weight ratio. First HO and each of the SW
and CW were placed into beakers and heated in a water bath at 90◦C. When the waxes melted
completely, and all are at the same temperature, the waxes were added into the oil and stirred
vigorously for 5 min. Then this mixture was poured into sterile plastic cups (150 mL) and glass
tubes with caps for subsequent analyses. The oleogels were formed at ambient temperature with-
out any shear effect overnight. Finally, the planned analyses were performed for each sample. For
the storage trial, the samples were stored at 20◦C in a dark place, and at 4◦C in a refrigerator for
three months and analyzed periodically. The oleogel production was repeated twice, and all analy-
ses within each production replicate were at least twice. In Fig. 1, the pictures of the HO oleogels
are shown. Throughout this manuscript, the samples were abbreviated with codes: HO-hazelnut oil;
SW-sunflower wax; CW-carnauba wax; CS-commercial shortening; HS3, HS7, and HS10-oleogels
of HO at concentrations of 3, 7, and 10% SW; HC3, HC7, and HC10-oleogels of HO prepared with
addition of CW in concentrations of 3, 7, and 10%.

Oil Binding Capacity (OBC)

The OBC method was adapted from Da Pieve et al.[9] First, 1 mL of the melted oleogel sample was
put into previously weighed eppendorf tube (weight a) and conditioned in refrigerator for 1 h. Then
the tube was weighed again (weight b). The tubes were centrifuged at 9167 g for 15 min at room
temperature, and turned over onto a filter paper for drainage of released oil. Finally, the tubes were
weighed (weight c) again and OBC was calculated by Eq. (1).

OBC (%) = 100 − Released Oil (%) and Released Oil (%) = [(b − a) − (c − a)]/(b − a) × 100
(1)

FIGURE 1 The hazelnut oil oleogels of CW and SW.
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Crystal Formation Time (CFT)

The previously formed oleogel samples were first completely melted in water bath (90◦C) and kept
for 2 h for isothermal setting. Then they were taken out from the water bath to room temperature,
and meantime chronometer was started. The CFT was recorded when the tubes turned 90◦ and no
flow observed.[7]

Solid Fat Content (SFC)

The method of ISO 8292-2[10] was followed for the percent of SFC measurement. The analysis
were carried out at 20 and 30◦C with a Minispec Bruker NMR Analyzer mq20 (Bruker Optics, Inc.,
Billerica, MA, USA) calibrated with 0, 31, and 73.5% solid fat containing standard solutions.

Color Measurement

The color of the oleogel samples was measured with Minolta CR-400 colorimeter (Konica Minolta
Sensing, Osaka, Japan). First, the instrument was calibrated with white tile, and then blink reading
on an empty glass tube was done to set off the effects of tube. Finally, the color reading were
accomplished on several different points of the glass tubes filled with the organogel samples, and
the values of L, a∗, and b∗ were recorded.[11]

Thermal Analysis

The thermal cycling technique of Dassanayake et al.[7] was adapted for this analysis. The thermal
analysis was performed with a Perkin-Elmer 4000 Series differential scanning calorimeter (DSC;
Groningen, The Netherlands). The instrument was calibrated with Indium and Zinc standards. First,
the DSC was purged with nitrogen at 50 mL/min flow rate. Then the oleogel samples were weighed
around 5–7 mg into aluminum pans and sealed hermetically. The temperature program was heating
the samples from room temperature to 140◦C by 10◦C/min; then cooling to –20◦C by 10◦C/min
rate and keeping for 3 min at that temperature for full crystal formation and finally heating again to
100◦C by 5◦C/min rate. The thermal parameters were calculated by Pyris 1 Manager Software on
the instrument.

Instrumental Texture Analysis

The firmness and stickiness of the oleogels were measured with a Texture Analyzer TA-XT2i (Stable
Microsystems, Surrey, UK) equipped with a custom-built block and 45◦ conic acrylic probe. The
samples stored at room temperature (20◦C) or refrigerator (4◦C) were taken out and measured at
that temperature to observe the effect of storage temperature. Texture was also monitored during
90 days storage to observe the effects of storage time. The penetration test was accomplished by
penetrating the probe into 23 mm depth by 3.0 mm/s speed, and then pulling the probe out at
10 mm/s speed. The texture parameters were calculated by Texture Exponent v.6.1.1.0 software
(Stable Microsystems).[12]

Crystal Morphology

The crystal morphology of the oleogels was observed at room temperature with an Olympus
BX51 polarized light microscope (Olympus Optical Co., Ltd., Tokyo, Japan) equipped with a CCD
color video camera (Canon Inc., Tokyo, Japan).[13]
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XRD Analysis

The wide and small-angle XRD patterns of the oleogels were taken with a Rigaku D-Max Rint
2200 model XRD (Rigaku Int. Corp, Tokyo, Japan). The angular scans from 2.0◦ to 50◦ (2θ ) were
performed by 2◦/min scan rate. A Cu source x-ray tube (λ = 1.54056 Å, 40 kV and 40 mA) and
MDI Jade 7 software (Materials Data Inc, Livermore, USA) was used for the data analysis.

Oxidative Stability

During the 90 days storage at the two different temperatures, the oxidative stabilities of the samples
were monitored by measuring the PV (Cd 8-53 method).[14]

Statistical Analysis

The duplicate measurements within each replicate of oleogel productions were performed for the
samples and the results were represented as mean values with standard deviations. The data were
analyzed by ANOVA and the multiple comparisons of the means accomplished by Tukey’s test.
Statistic analysis was performed with Minitab v.16.1.1.[15]

RESULTS AND DISCUSSION

Physico-Chemical Properties

The OBC, CFT, SFC and color values (L, a∗, and b∗) of the oleogel samples are shown in Table 1.
Clearly, the oil binding capacities (OBC) of the CW oleogels at 3 and 7% addition levels were much
lower than that of SW oleogels. No stable gels were observed for CW oleogels at 3% addition level,
and the crystal formation periods were also longer. The results indicated that the 10% CW containing
oleogel exhibited maximum SFC (8.5%) at 20◦C, whereas at the same temperature CS had 30.4%
SFC. The SFCs measured at 30◦C were lower than that measured at 20◦C. Co and Marangoni[2]

have indicated that there was no change in the SFC of organogels, as one of the main advantages
listed for organogelation. This situation is confirmed in this study as well. There was a proportional
increase of SFC in the oleogels depending on the addition and saturation levels of the organogelators
used. The instrumental color values of the oleogel samples showed similarity for a∗ and b∗ values
with CS, while the level of brightness (L value) was somewhat different. The colors and appearances
of the oleogels can be visualized from Fig. 1.

Thermal Properties

In any plastic fat product, crystallization and melting behaviors are essential components of its
technological properties.[1] Hence, the thermal properties of the oleogel samples together with HO,
SW, and CW are measured with DSC and from the thermograms (Fig. 2) the thermal parameters
were calculated by the software and the results are presented in Table 2. The melting temperatures
and enthalpies of the SW and CW oleogels were quite similar. On the other hand, the melting
temperatures of SW containing oleogels were a little lower than that of CW containing oleogels.
The melting peak temperatures of the CS was 52.3◦C, and among the oleogel samples, 3% SW
containing oleogel had the closest value (58.4◦C) to that of the CS sample. As the level of added
wax increased, the melting temperatures and enthalpies also increased, as expected.[2] The melting
enthalpies of the oleogels were different from that of CS sample. The melting enthalpies increased
as the level of added organogelators enhanced. The melting temperatures of SW and soybean oil
organogels were reported to be between 47 and 65◦C within 0.5–10% addition levels. At the same
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FIGURE 2 The DSC thermograms of hazelnut oil (HO), carnauba wax (CW), sunflower wax (SW), and the oleogel
samples.

addition range, the enthalpy change of melting was reported between 0.2 and 15 J/g.[8] Hence, 3–7%
SW containing HO can be suggested as an alternative source for shortening fat stock. CW oleogels
had similar performance as long as only the thermal properties concerned. Dassanayake et al.[7]

reported 84◦C melting point and 137.6 J/g melting enthalpy for CW, and we measured 81.04◦C
melting point and 182.15 J/g melting enthalpy for the same wax. The differences can be attributed
to the materials source and purity differences. It was concluded that rice bran wax was better than
CW for organogel properties.[7] Similarly, we conclude that SW is better than CW regarding the
oleogel properties.

Textural Properties and Storage Stability of the Oleogels

The textural properties of plastic fats are as important as thermal properties, and they define the
spreadability, adhesion, and oil separation phenomena.[1] An example graph of the texture measure-
ment is shown in Fig. 3. The firmness values measured for the oleogel samples are shown in Fig. 4.
For both waxes, as the addition level increased, the firmness of corresponding oleogels increased
proportionally (p ≤ 0.001). At room temperature, the firmness values have mostly not changed dur-
ing storage, but only the firmness value of 10% CW containing sample has increased. There was
no significant difference between the samples (p = 0.794) for the two organogelators in terms of
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FIGURE 3 The texture measurement curve of hazelnut oil and SW (10%) oleogel.

FIGURE 4 The firmness values of the oleogel samples; (a) 4◦C (b) 20◦C.
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firmness values. Similarly, there was no significant difference of the firmness values for the sam-
ples stored at refrigerator or room temperature (p = 0.469). This situation is quite important for
the reduction of cooling requirements. Oleogels are self-stable, thermoreversible and plastic prod-
ucts which do not require cooling systems.[2,3] The lowest firmness value among the samples was
6.9 g with 3% CW oleogel stored at 20◦C at the beginning of storage, and the highest value was
831.8 g in 10% SW oleogel stored for 90 days at 4◦C. The CS sample had the lowest firmness value
(533.8 g) in sample stored at 20◦C for 30 days, and the highest value (5824.8 g) in a sample stored
at 4◦C for 60 days. Clearly CS had higher firmness values, but the oleogel samples prepared with
10% organogelator had firmness values close to the values measured in the CS sample. In fact, all
oleogel samples were very stable during storage and the perceptible firmness was almost the same
as that of the CS sample. The stickiness or adhesion, the other very important textural parameters,
was measured and the results are presented in Fig. 5. The stickiness values of CW oleogels were
not significantly different (p = 0.731) from that of the corresponding SW oleogels at both storage
temperatures. Similarly to firmness, storage at 4◦C has yielded a little higher stickiness values for
the two types of the oleogels (p = 0.416). As the added wax level increased, the stickiness was
also enhanced (p ≤ 0.001) for both types. Among all oleogels prepared, the lowest stickiness value
was found as 7.2 g for 3% CW oleogel stored at 4◦C for 90 days. The highest stickiness value was
343.3 g for 10% CW oleogel stored at 4◦C for 0 days. The range of stickiness for CS samples was

FIGURE 5 The stickiness values of the oleogel samples; (a) 4◦C (b) 20◦C.
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from 274.06 g measured in a sample stored at 20◦C for 0 day to 1917.4 g measured in another
sample stored at 4◦C for 90 days. The measured stickiness values of the CS were much higher than
that of the oleogel samples. It was indicated that the correlation between hardness (firmness) and
spreadability, and of cohesiveness and spreadability were higher, but correlation between adhesive-
ness and spreadability was lower among the analyzed table fats.[16] Hence, the evaluation of both
firmness and stickiness together might be more meaningful for the estimation of spreadability of
plastic fats. As stickiness of a plastic fat sample increases, more force is required to pull back the
probe, indicating the possible difficulty of spreading.[12] In another study,[17] pistachio oil spreads
were characterized. It was shown that firmness, adhesiveness, and compressibility of spreads were
declined by added cocoa butter, whereas the same attributes were improved by xanthan gum addi-
tions. In a recent study,[18] margarines from organogels were prepared and firmness values were
compared with themselves and with commercial spread and margarine products. It was indicated
that SW organogels are more suitable than rice bran and candelilla wax organogels for margarine
formulations as long as firmness considered, although they did not perform a sensory analysis.

Polarized Light Microscopy and XRD Patterns

The polarized light microscopy pictures of the oleogels are shown in Fig. 6. Since no true crystals
were present in 3% CW sample, its picture is not presented. Although SW oleogels had needle-like
crystal structures, CW oleogels seem rather more aggregate-like. A very similar optical micrograph
of CW in olive oil is presented by Dassanayake et al.[7] They also suggested that CW organogels
yield spherulitic structures and at 1% addition level, it is in a viscous sol state rather than an
organogel structure. On the other hand, needle-like crystals in SW-soybean oil organogels[8] seem
very similar to those viewed in this study. We have also taken the wide and small angle XRD patterns
of the oleogel samples (Fig. 7 and Table 3). The XRD patterns of 10% CW and SW oleogels were
very similar to each other. In fact, similar peaks in the CS sample are observed with much higher
intensities. In addition to the common peaks, there was a distinct peak at around 14.06 Å in the
CS sample which creates the main difference from the oleogels (Fig. 7). There are three common
peaks at wide-angle region for both wax oleogels at around 2.99–3.73, 4.14–4.15, and 4.50–5.55 Å.
Similar peaks at 0.372 and 0.413 nm were shown in olive oil and CW organogels.[7] Usually peaks at

FIGURE 6 The polarized light microscopy (PLM) pictures of the oleogel samples, HC7 (b) HC10 (c) HS3 (d) HS7
(e) HS10.
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FIGURE 7 The x-ray diffraction patterns of the oleogel samples, (a) HC10 (b) HS10 (c) CS.

TABLE 3
The XRD measurement results of the oleogels samples

Samples 2-Theta d (Å)

CW 4.83, 19.37, 21.53, 23.81, 30.02, 36.29, 40.49,
43.80

18.27, 4.57, 4.12, 3.73, 2.97, 2.47, 2.22, 2.06

SW 2.61, 3.93, 5.34, 19.32, 21.47, 23.87, 28.28,
29.93, 31.53, 36.13, 40.07, 41.98, 43.16,
43.85, 47.23, 52.89, 79.10

33.82, 22.46, 16.50, 4.58, 4.13, 3.72, 3.15,
2.98, 2.83, 2.48, 2.24, 2.15, 2.09, 2.06, 1.92,
1.72, 1.20

HC3 − −
HC7 4.39, 19.56, 21.40, 23.82 20.08, 4.53, 4.14, 3.73
HC10 3.85, 19.47, 21.42, 23.78, 35.99 22.88, 4.55, 4.14, 3.73, 2.49
HS3 3.99, 19.67, 21.42, 23.82 22.07, 4.50, 4.14, 3.73
HS7 3.84, 19.69, 21.43, 23.80, 31.31 22.97, 4.50, 4.14, 3.73, 2.85
HS10 3.82, 19.58, 21.38, 23.77, 29.78, 40.14 23.11, 4.52, 4.15, 3.73, 2.99, 2.24
CS 2.22, 4.24, 6.38, 10.52, 12.64, 16.88, 19.54,

21.18, 22.89
39.75, 21.85, 14.06, 8.40, 6.99, 5.24, 4.57,

4.21, 3.68

that region indicate orthorhombic perpendicular subcell packing type crystals, and this type is found
very similar to the β’ crystals of margarines and spreads with smooth texture and better mouthfeel
properties defined.[1,7] Although the crystal microphotographs were shown in the study of Hwang
et al.,[8] the XRD patterns of SW organogels have not been investigated. This study provides the
XRD patterns data of SW oleogels for the literature. SW oleogels had the very similar wide-angle
region peaks and yielded very smooth and uniform crystalline network. Especially, SW containing
oleogels were very stable during storage in terms of textural properties. As suggested previously for
rice bran wax organogels[7] and SW organogels,[8] we also suggest that especially SW oleogels can
be an alternative hard fat stock in some products formulations.

Oxidative Stability

The oxidative stability of the oleogel samples and CS sample were monitored during three months
storage at room and refrigerator temperatures by the PV measurements, and the results are shown
in Fig. 8. Generally at both storage temperatures for all samples, the increase in the PVs through
the storage time was minimal. Also, the increase was much less in refrigerator stored samples (p =
0.001). Among all stored oleogel samples, the highest PV (0.6 meqgO2/kg) was measured in 3%
CW containing oleogel stored at 20◦C for 90 days. At the same temperature (20◦C), the PV for CS
sample has reached its max value of 0.5 meqgO2/kg after 90 days. These results indicate that HO
oleogels are very stable in terms of oxidation. This might be due to the fatty acid composition (see
materials section) and higher amounts of tocols and sterols found in HO.[19] The effect of mineral
fortification on oxidative stability of reduced-fat spreads has shown that iron and copper added



HAZELNUT OIL OLEOGELS 1753

FIGURE 8 The peroxide values of the oleogel samples; (a) 4◦C (b) 20◦C.

samples were very susceptible to oxidation, whereas low level of zinc addition led to acceptable
oxidative stability in the spreads developed.[20] In our study, there was no antioxidant or any other
addition into the oleogels.

CONCLUSIONS

In this study, some important properties of the CW and SW containing oleogels of HO in comparison
with a CS were determined. The SW oleogels were binding more liquid oil and forming the gel more
quickly than that of the CW oleogels. The SFC of the oleogels were much lower than that of the
CS sample. In general, the melting temperatures of the CW oleogels were higher than that of the
SW oleogels. The melting temperature of 3% SW containing oleogel was the most similar one to
the melting temperature of the CS sample. The firmness and stickiness values of the oleogels were
fairly stable during the 90 days storage period. Both firmness and stickiness were a little higher
in refrigerator stored oleogels than that of the room temperature stored samples. Compared to the
CS, the measured texture values of the oleogels were lower. During the three months of storage,
the textural and oxidative stabilities of SW oleogel samples were better than those of CW oleogels.
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Overall, from the determined properties of the HO oleogels, it would be concluded that, these HO-
SW oleogels can be used in the productions of shortenings or similar products with acceptable
suitability.

NOMENCLATURE

HO- hazelnut oil
CW- carnauba wax
SW- sunflower wax
CS- commercial shortening
OBC- oil binding capacity
CFT- crystal formation time
SFC- solid fat content
DSC- differential scanning calorimetry
PV- peroxide value
PLM- polarized light microscopy
XRD- x-ray diffraction
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