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Introduction

Emulsion-filled gel is a sort of gel system that traps oil droplets as a filler and contains a wide range of semi-solid to solid
food products. It can also be utilized as a dual system to distribute and control the release of both lipophilic and hydrophilic
bioactive and micronutrient substances. The main polymers involved in gel formation in food products are proteins and
polysaccharides. Using molecular interactions between biopolymers, a wide range of rheological and physicochemical
properties of gels can be methodically created. As a result, the interaction between proteins and polysaccharides has received a
ot of attention in order to generate novel products. Because of their functional qualities and high nutritional value, whey proteins
are frequently used in the food industry. As a result, mixed gels based on whey protein have gained a lot of attention. k-
Carrageenan is commonly utilized in the food industry as a gelling and firming agent. Because k-Carrageenan, like whey protein
isolate, can form a gel independently, its interaction with whey protein isolate in emulsion gel systems appears appealing.
Therefore, in this study, the effect of k-Carrageenan gum (0.0, 0.1, 0.3, 0.5, and 0.7%) on the textural (uniaxial compression test),
rheological (steady shear, strain sweep, and frequency sweep tests), and water holding capacity of cold-set emulsion-filled gel
based on whey protein isolate was investigated.

Materials and Methods

Whey protein isolate (WPI) (98.9% protein, dry basis) was given as a gift by Agropur Ingredients Co. (Le Sueur,
Minnesota, USA). k-Carrageenan and CaCl, (im,,,: 147.01 gr/mol) were purchased from Sigma Aldrich Co. (USA) and
Merck Co. (Darmstadt, Germany), respectively. Sunflower oil was supplied from local supermarket. Stock dispersions of WPI
and k-Carrageenan were prepared by dissolving sufficient amounts of their powders in deionized water. To prepare uniform oil
in water emulsion, sunflower oil was added to the WPI dispersion and the obtained mixture homogenized first using a
laboratory rotor-stator homogenizer (15000 rpm, 3 min), then by an ultrasonic homogenizer (20 kHz, 5 min).
The prepared emulsion and k-Carrageenan dispersions were poured into Schott bottles and heated in a water bath
(90 °C, 40 min). WPI emulsion and AG dispersion were mixed in a cylindrical container on a stirring plate at a
speed of 600 rpm for 6-8 min to obtain a homogeneous mixture. After decreasing the temperature to 60 °C for
the ion-induced gelation, the mixtures were charged with CaCl, (10 mM). The prepared samples were incubated
in a refrigerator overnight to stabilize the 3D network. The final mixed EFG samples contained 5.5% WPI, 20%
oil, and 0, 0.1, 0.3, 0.5, and 0.7% (w/w) of k-carrageenan. The tests performed on emulsion-filled gel samples
were: 1) steady shear (0.01-10 s?), 2) strain sweep (strain: 0.1-1000%, frequency: 1 Hz), 3) frequency sweep
(frequency: 0.1-100 Hz, strain: 0.5%), 4) uniaxial compression (target strain: 80%, deformation speed:1 mm/s),
and 5) water holding capacity (by utilizing a microcentrifuge, 600xg for 10 min).

@ @ ©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
= International License (CC BY 4.0).
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Results and Discussion

According to the results of steady shear test, all samples had a shear thinning behavior, and based on the
power-law model, this behavior was intensified in the presence of k-Carrageenan; and with increasing the gum
concentration from 0 to 0.7%, the consistency coefficient increased from 339.9 to 545.7 Pa.s. In the strain sweep
test, with the increase in the gum concentration, the values of the elastic and viscous modulus in the linear region
and the modulus at the crossover point increased, and tan 8,ve decreased from 0.17 to 0.13, which indicated an
increase in the strength of the emulsion gel network structure. Based on the frequency sweep test, with the
increase in k-Carrageenan concentration, the parameters K' and K'’, network strength and network expansion
increased from 5311.8 Pa, 939.9 Pa, 1.5380 Pa.s¥Z and 10.05 in the control sample to 25080 Pa, 3574.9 Pa,
16097.7 Pa.s¥? and 16.41 in the sample containing 0.7% k-Carrageenan, respectively. Moreover, the frequency
dependency of elastic modulus decreased from 0.095 in the control sample to 0.050 in the 0.7% k-Carrageenan
contained sample. According to the large deformation test, in general, in the composite emulsion-filled gels, the
values of apparent modulus of elasticity and fracture stress were higher and fracture strain and fracture energy
were lower than in the control sample. Also, the results showed that different k-Carrageenan concentrations had
no significant effect on the water holding capacity.

Conclusion
The obtained results showed that k-Carrageenan had considerable influence on the rheo-mechanical features

of cold-set emulsion-filled gels based on whey protein which can add to the knowledge base for the production
of new functional foods.

Keywords: Cold set emulsion filled gel, k-Carrageenan, Rheology, Texture, Whey protein
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Fig. 1. Effect of k-Carrageenan concentration on the apparent viscosity of emulsion-filled gels
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Table 1- Steady shear rheological parameters of emulsion-filled gels at different concentrations of k-Carrageenan
based on the power-law model
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0.7 545.7+40.12 0.032 £ 0.004 be 0.995
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Fig. 2. Strain sweep dependency of elastic modulus (G") and viscose modulus (G”) of emulsion-filled gels as a function of the
k-Carrageenan concentration
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Table 2- Dynamic rheological parameters of emulsion-filled gels determined by the strain sweep test
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L-é) DY a S ,z g9 % -3
0.0 4438.3+313.8¢ 751.4+53.1¢9 0.17+0.01® 253+0.162 10534+59.6¢ 327.76+15.30¢ 22.08+0.94¢2
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Fig. 3. Frequency sweep dependency of elastic modulus (G”) and viscose modulus (G”) of emulsion-filled gels as a function of
the k-Carrageenan concentration
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Table 3- Dynamic rheological parameters of emulsion-filled gels determined by the frequency sweep test

2 6 =K' x (@)" ¢ =K' x (@)
C K'"/K'(-
arr(z:'ic;enan K'(Pa) () R2 K" (Pa) n' (=) R? /K'()
0.0 5311.8+187.84 0.095+0.0052 0.988 939.9+332°¢ 0.116+0.0092 0.934 0.18+0.012
0.1 87672 +£248.0¢ 0.079+£0.004° 0.986 1626.6£69.0° 0.117+£0.007* 0.941 0.18+0.012
0.3 11212.7+412.3°% 0.070+0.003 > 0.983 1865.7+923° 0.120£0.0052 0913 0.17+£0.01 2
0.5 12298.5+434.8° 0.060+0.003 <4 0.995 1922.1 £68.2° 0.110£0.0032 0.888 0.16 £0.01 2
0.7 15939.4+ 72132 0.050+0.0029 0.996 2388.7+94.62 0.090+0.004° 0.863 0.15+£0.01°
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Fig. 4. Effect of k-Carrageenan concentration on the water holding capacity of emulsion-filled gels
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Table 4- The parameters of strength of network (A) and the network extension (z) of emulsion-filled gels

k-Carrageenan (%) A (Pa. s¥?) z(-) R?
R A @08 Al (g s O G g
0.0 5380.1 +228.3 ¢ 10.05+0.38°¢ 0.977
0.1 8929.4 +315.7 ¢ 12.14+0.34" 0.994
0.3 11313.3+480.5°" 12.72+0.54" 0.997
0.5 12446.7 £352.0° 15.73+0.56 2 0.994
0.7 16096.7 £ 637.4 @ 16.41+0.562 0.995
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Table 5- Mechanical properties of emulsion-filled gels measured by the uniaxial compression test

k-Carrageenan

Initial tangent modulus

True fracture stress  True fracture strain ~ Fracture energy

(%) (kPa) (kPa) ) (mJ)
CUSIBUE Sl g2l Jpae oy e B By e GBS G 55
0.0 23.22+1.161 10.39+0.83 < 0.58 £0.042 22.65+2.97°
0.1 30.58+2.62°¢ 11.17+0.57¢ 0.56 +0.03 2 2757+242°2
0.3 46.51+259°b 9.67+0.76 ¢ 0.24+0.03°¢ 9.15+154¢
0.5 4929+3.72° 12.99+1.17° 0.31+0.02° 13.60+1.29¢
0.7 62.96 £2.76 2 16.78 £1.222 0.34+0.03° 19.70+£2.71°¢
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Introduction

One of the relatively new dairy products is cheese sauce, which can increase the consumption of cheese per
capita and replace unhealthy sauces. Process functionality achieved by adding useful compounds to food in order
to improve properties of foods while maintaining its appearance. Nowadays, due to the importance of some
compounds such as essential fatty acids, antioxidants and fiber, the demand for consuming products containing
these compounds in the diet is increasing. Date kernel extract contains fiber, antioxidants, lignans and essential
fatty acids. Also, date kernels contain micronutrient such as selenium, iron, calcium, phenolic compounds,
sterols, tocopherols, metal ions and essential amino acids. The functional properties of phenolic compounds and
flavonoids in date kernels have also been proven. On the other hand, whey as a by-product in dairy plants has
many nutritional properties and contains many essential and functional amino acids. In addition to the
nutritional properties of whey powder, its technological properties such as creating viscosity are considered
important in sauces formulation. The purpose of this research was to prepare cheese sauce using such
compounds so that while preparing a useful product, it is possible to prevent the wastage of valuable by-
products.

Materials and Methods

In this research, in order to prepare cheese sauce powder, the homogenized mixture was turned into powder
by a spray dryer at 180°C. During the treatment of samples, date kernel extract was formulated at three levels of
zero (control), 5 and 15%. In the treatments, one sample without whey and another sample with 15% of the final
formula was considered. The effect of Date kernel extract and whey on the physicochemical properties of cheese
sauce powder samples were investigated by determining solubility, dry matter, protein, total phenol, pH,
viscosity and antioxidant activity. The organoleptic properties of samples, were also studied in 5-hedonic points.
The results were analyzed in the form of a completely randomized design with 6 treatments and 3 replications.
The software used was SPSS and the comparison of mean was done by Duncan's method at the 5% level. Graphs
were plotted using Excel software.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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The results showed that increasing the level of date kernel extract in the formulation of cheese sauce powder
containing whey led to the improvement of the antioxidant power of cheese sauce and its phenolic compounds
due to the presence of compounds such as gallic acid and cysteine amino acids in whey. High levels of date
kernel extract in the presence of whey improved its solubility due to the increase in the amount of protein and
dry matter of the sauce powder. It was also observed in the results obtained from the viscosity measurement that
the presence of whey along with the date kernel extract reduced the viscosity by adjusting the percentage of
carbohydrates. The result obtained in relation to the reduction of protein percentage in the conditions of
simultaneous use of whey and date kernel extract was probably due to the precipitation of whey proteins based
on the interaction with the carbohydrate components of date kernel extract leading to formation of unsolved
products during the drying process. The presence of protein and essential amino acids, carbohydrates and fiber,
mineral salts, vitamins and antioxidants in the final product increased the percentage of dry matter in samples
containing high percentage of extract along with whey. Changes in pH were also not significant in different
treatments. Overall, the results showed that the use of seemingly useless compounds can be significantly
effective on the properties of cheese sauce and improve the properties of cheese sauce and finally produce a
functional product.

Keywords: Antioxidant, Cheese sauce, Date kernel, Functional, Lignan
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Table 1- Treatment and formulation of cheese sauce samples based on variables

sl T1 (Control) T2 T3 T4 TS T6
Treatments
Loy st ol o)l 0 0 5 5 15 15
Kernel Date extract
s 0 15 0 15 0 15
Cheese Powder
e 15 15 15 15 15 15
Cheddar Cheese
el 18 18 18 18 18 18
Butter
(2o 45uls 5 5 5 5 5 5
Starch and Fillers
it slaSs 4 4 4 4 4 4
Phosphates
25 1 1 1 1 1 1
Sodium Cloride
Sz Sl 0.1 0.1 0.1 0.1 0.1 0.1
Ascorbic Acid
Shss jlre (laorins pab 6 6 6 6 6 6
Edible Flavoring
oS Bl 10 10 10 10 10 10
Stabilizer
<! 40.9 25.9 35.9 20.9 25.9 10.9

Water
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Fig. 1. The effect of different levels of date kernel extract and the presence of whey on the solubility of cheese sauce powder
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Fig. 2. The effect of different levels of date kernel extract and the presence of whey on the dry matter percentage of cheese
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Introduction

Canola oil with high unsaturated fatty acids and nutritional value is susceptible to oxidation due to lipid
oxidation. Lipid oxidation leads to a reduction of nutritional quality, sensory and safety characteristics of the
vegetable oils. To retard lipid oxidation, the synthetic antioxidants are usually used in the vegetable oils. By
increasing the public concern about health problems of synthetic antioxidants, the use of natural antioxidants is
increasing. Lavender (Lavandula officinalis) is an evergreen plant native to the Mediterranean. The presence of
linalool, linalyl acetate, 1,8-cineole B-ocimene, terpinen-4-ol, and camphor in lavender essential oil, make it a
good natural antioxidant which could use in food industry. Therefore, in the current research, it was aimed to
investigate the antioxidant effect of lavender essential oil on the stability of canola oil.

Material and Method

The lavender was bought from Golestan province and dried in room temperature. The lavender essential oil
was prepared by hydro distillation of flower heads. Then, the phenolic compounds were determined using GC-
MASS. The Total phenolic content (TPC), flavonoid content (TFC), and antioxidant activity (FRAP and DPPH)
of lavender essential oil were evaluated. Then, lavender essential oil in concentrations of 200, 400, 600, 800, and
1000 mg/kg was added to the crude canola oil compared to canola oils without antioxidants and synthetic
antioxidant TBHQ (100 and 200 mg/kg). Then, the samples were kept at 60 to 70 °C for 12 days. The analysis
was done in an interval of 24 h for 12 days. Lipid oxidation of samples was determined by peroxide value, p-
anisidine value, TOTOX value, and thiobarbituric acid each 24 h. analyses of Data were done by one-way
analysis of variance (ANOVA) using SPSS software and the means were compared by the Tukey multiple range
test.

Result and Discussion
According to the GC-MS analysis, 1, 8-cineole (59.45 %), linalool acetate (32.48 %), linalool (6.31 %), and
limonene (1.06 %) were identified as the major constituent of lavender essential oil. Also, Total phenol,
flavonoid, FRAP and DPPH (ICsp) contents of lavender essential oil were 71.55 mg GAE/g, 82.66 mg of
rutin/100 g, 12.63 mmol H,SO4, and 55.88 mg/ml, respectively. According to the results, all lipid oxidation

©2024 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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indexes were increased after twelve days of storage. In general, lavender essential oil was effective in retarding
the oxidation of canola oil at a temperature of 70 °C. Also, the concentration of 1000 mg/kg of the essential oil
had antioxidant activities similar to the TBHQ in 100 mg/kg concentration.

Conclusion
It was showed that lavender essential oil, as a natural antioxidant, has the ability to react with the radicals

resulting from the oxidation of lipids and causes the interruption of oxidation chain reactions and increases the
time and decreases the rate of oxidation. As observed, the oxidation of canola oil in all samples, especially the
samples without antioxidants or antioxidants to a lesser extent, increased significantly with increasing storage
time. In general, lavender essential oil at Ligo concentration and also in some oxidation indices of lavender
essential oil at Lgoo concentration has an effective role in preventing the oxidation of canola oils like synthetic

antioxidant TBHQ.

Keywords: Antioxidant activity, Canola oil, Lavender essential oil, Lipid oxidation
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Table 1- The chemical composition of Lavandula officinalis essential oil by GC-MS
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4 6.28 Limonene 1.06
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6 10.16 4-Terpineol 0.13
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17 5.77 5-3-Carene 0.02
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Table 2- The antioxidant capacity (DPPH and FRAP), total phenolic and flavonoid content of Lavandula officinalis essential

oil
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Fig. 1. Peroxide value (meq O2 /Kg oil) in canola oils containing lavender essential oil during 12 days of storages
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