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Table 1- Formulation of gelatin composite gels, sesame seed protein and oleosome extracted from sesame seed
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(W/w%)
- 0: 100 4 96 “‘“
Control

20 30: 70 1.2 2.8 76 1

20 50: 50 2 76 2

20 70: 30 2.8 1.2 76 3

2 Dynamic Light Scattering(DLS)

1 Poly Dispersity Index
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Table 2- Chemical properties of sesame seeds and protein extraction efficiency from sesame seeds
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Table 3- Chemical properties of sesame seed oleosome and oleosome extraction efficiency from sesame seed
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Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 3860 Peak1:  3801.5 100.0 1009.7
Pdl: 0.195 Peak2:  0.000 0.0 0.000
Intercept: 0.802 Peak3:  0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
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Fig 1- Mean particle size and PDI index of oleosomes extracted from sesame seeds
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Fig 2- Images of oleosomes extracted from sesame seeds
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Fig 3- Changes in the dynamic modulus (G *and G ") of composite gelatin gels, sesame seed protein and sesame seed
oleosome as a function of temperature (temperature decrease from 50 to 4 ° C)

Control) Pure gelatin, 1) Sesame protein : gelatin (30:70) contain 20% sesame oleosome, 2) Sesame protein : gelatin (50:50) contain 20% sesame
oleosome, 3) Sesame protein : gelatin (70:30) contain 20% sesame oleosome
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Fig4- Changes in complexity viscosity of gelatin, sesame seed protein and sesame seed oleosome complex as a function of
temperature (temperature decrease from 50 to 4 ° C)

Control) Pure gelatin, 1) Sesame protein : gelatin (30:70) contain 20% sesame oleosome, 2) Sesame protein : gelatin (50:50) contain 20% sesame
oleosome, 3) Sesame protein : gelatin (70:30) contain 20% sesame oleosome
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Control) Pure gelatin, 1) Sesame protein : gelatin (30:70) contain 20% sesame oleosome, 2) Sesame protein : gelatin (50:50) contain 20% sesame
oleosome, 3) Sesame protein : gelatin (70:30) contain 20% sesame oleosome
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Fig 5- Morphology of gelatin composite gels, sesame seed protein and sesame seed oleosome

Control) Pure gelatin, 1) Sesame protein: gelatin (30:70) contains 20% sesame oleosome, 2) Sesame protein: gelatin (50:50) contain 20% sesame
oleosome, 3) Sesame protein: gelatin (70:30) contain 20% sesame oleosome



......... Ji 8L 9 (Niele, st oy

g gl s tle 5, Sllllae aly oo 05 (P<+/+0) S A
9 FpSTie LSl pgjetlsl sol> sla s yo ol lis ends
Aloads oaiSTy 5 LS le jo C e &g a5 g jesls]
5 iy woyd Ve a asS &l ey n o GRIBIL

Bl 59 5 0V Al 2 CajeelS U5 ol B o
Sewd 4y (b pgjeilsl boad py S Sle plgre 4 oS
SlaS 5 Sglaie sl 5100 5 aps asuS &l 5l ouel
J5 Niele, Sleogas 5 db LSl ) S5
J5 58y s Sy dddlas b ol ) CujeelS
oS e n Ol GRIBI L %o S asine Cujsls
Ol 8l Cil g 03 sla Jede o Sig oy Ve LY s
J3 oS Sl g Y5 LS, p aosS ety 5wl

FJB U5 el o gefien S reaw Bl can
Jud oo n oo Ll Jdoar o pgeddsl 09 snaline
Sl Sgnge Sl Wl oo (mpdsand LS 5 g (elan
sl iS5 Gles oIS ok w aisd J5 8L
L ool 2ol waiS ls (5089 0 —0iY5 Bl 2 SRiselS
3 @218 slge izl 5l G Glaie 4wl e pgietlsl
o5 DY gaze ((L5Y5 sl s (il DYgaxe gl

gl ooliiwl dedgwl 3 Jgame adg 5 sld;

Sl Lol lis sl Casods bl axiwa (138 56
5 J3 e Ol S5 SEEle p0 e Gl ol
)l (e Dygody Sz Ol s Gl (SnS
&lo o,

g Wosls Jaz )lid) com ¢ ol €8y aox 5l pid IS cgu 5l JolS jobo 4y ool &3l )] Al jLicsl pgas o Baian e
3,105 0925 Liwly () 5o (gl 28l g Wlodges jumyy ilSgo jLasl g Jlo,l b

&»

- AACC. 1999. Approved Method of The American Association of Cereal Chemists. St. Paul, MN:
American Accociation of Cereal Chemists.Ins.

- Abdullah, Weiss, J., and Zhang, H. 2020. Recent advances in the composition, extraction and food
applications of plant-derived oleosomes. Trends in Food Science & Technology. 106: 322-332.

- Abouei, E., Jafarpour, A., and Motamed zadegan, A. 2016. Effects of microbial transglutaminase
(MTGase) on functional and rheological properties of big head (Hypophtalmichthys nobilis) fish skin
gelatin. Journal of food science and technology. 58 (13): 93-106.

- Altuna, F. I., Pettarin, V., and Williams, R. J. 2013. Self-healable polymer networks based on the cross-
linking of epoxidised soybean oil by an aqueous citric acid solution. Green chemistry.15(12): 3360-3366.

- AOAC. 2012. Official Methods of Analysis. Washington, DC, USA: Association of Official Analytical
Chemists.

- Borchani, C., Besbes, S., Blecker, Ch. and Attia, H. 2010. Chemical Characteristics and Oxidative Stability
of Sesame Seed, Sesame Paste, and Olive Oils. Journal of Agricultural Science and Technology. 12: 585-
596.

V5O



------ J5 Bl g (Sojlpy il (ow)

- Chang, M. T., Chen, C. R,, Liu, T. H., Lee, C. P. and Tzen, J. T. 2013. Development of a protocol to
solidify native and artificial oil bodies for long-term storage at room temperature. Journal of the Science of
Food and Agriculture. 93(6), 1516-15109.

- Clark, A. H. , Richardson, R. K., Robinson, G. , Ross-Murphy, S. B. , and Weaver, A. C. 1982.
Structure and mechanical properties of agar/BSA co-gels. Progress in food and nutrition science. 6: 149-
160.

- ElI-Adawy, T. 1997. Effect of sesame seed protein supplementation on the nutritional, physical, chemical
and sensory properties of wheat flour bread. Food chemistry. 59(1): 7-14.

- Elleuch, M., Besbes, S., Roiseux, O., Blecker, C. and Attia Hamadi. 2007. Quality characteristics of sesame
seeds and by-products. Food Chemistry. 103: 641-650.

- Geremias-Andrade,l., Souki,N., Moraes,l. and Pinho,S. 2016. Rheology of Emulsion-Filled Gels Applied
to the Development of Food Materials. Journal of gels. 2(22): 1-18.

- Gomez- Arellano, A., Jimenez- Islas, H., Castrejon- Gonzalez, E. O., Medina- Torres, L., Dendooven, L.,
and Escamilla- Silva., E. M. 2017. Rheological behavior of sesame (Sesamum indicum L.) protein
dispersions. Food and Bioproducts Processing.106: 201-208.

- Hou, R.C.W., Lin, M.Y., Wang, M.M.C. and Tzen., J.T.C. 2003. Increase of Viability of Entrapped Cells
of Lactobacillus delbrueckii ssp. bulgaricus in Artificial Sesame Oil Emulsions. International Journal of
Dairy Science. 86(2):424-428.

- Kirimlidou, M., Matsakidou, A., Scholten, E., Nikiforidis, C. V. and Kiosseoglou, V. 2017. Composite
gels structured by a gelatin protein matrix filled with oil bodies. Food Structure. 14: 46-51.

- Kumar, C.M.,, Singh, S.A. 2015. Bioactive lignans from sesame (Sesamum indicum L.): evaluation of their
antioxidant and antibacterial effects for food applications. Journal of Food Science and Technology. 52:
2934-2941.

- Ma, X., Wang, Z., Zheng, C., Liu, CH. 2022. A comprehensive review of bioactive compounds and
processing technology of sesame seed. Qil Crop Science. 7(2): 88-94.

- Marafon, A. P., Sumi, A., Granato, D., Alcantara, M. R., Tmime, A. Y., and de Oliveira, M. N. 2011.
Effects of partially replacing skimmed milk powder with dairy ingredients on rheology, sensory profiling,
and microstructure of probiotic stirred-type yogurt during cold storage. Journal of Dairy Science. 94: 5330-
5340.

- Michailidis, D., Angelis, A., Aligiannis, N., Mitakou, S., Skaltsounis, L. 2019. Recovery of sesamin,
sesamolin, and minor lignans from sesame oil using solid support-free liquid liquid extraction and
chromatography techniques and evaluation of their enzymatic inhibition properties. Frontiers in
Pharmacology. 10: 723.

- Momeni, SH., Ghiassi Tarzi, B. 2015. Evaluation and Comparison of Some Chemical Properties of Sesame
Seed and Flaxseed. Journal of Food Science and Nutrition. 12(4): 77-84.

- Morris, E. R. 1990. Shear-thinning of ‘random coil’polysaccharides: Characterisation by two parameters
from a simple linear plot. Carbohydrate Polymers. 13(1): 85-96.

\55


https://www.sciencedirect.com/science/article/pii/S2096242822000173#!
https://www.sciencedirect.com/science/article/pii/S2096242822000173#!
https://www.sciencedirect.com/science/article/pii/S2096242822000173#!

......... Ji 8L 9 (Niele, st oy

- Motamedzadegan, A., Shahidi, S. A., Hosseiniparvar, S. H., Ebdali, S. 2014. Evaluation effects of gelatins
types on functional properties of fat free set style yogurt. Journal of food science and technology.47 (12):
221-230.

- Nikiforidis, C. V. 2019. Structure and functions of oleosomes (oil bodies). Advances in Colloid and
Interface Science. 274, 102039.

- Nikiforidis, C. V., Matsakidou, A., and Kiosseoglou, V. 2014. Composition, properties and potential food
applications of natural emulsions and cream materials based on oil bodies. RSC Advances. 4(48): 25067-
25078.

- Ntone, E., Bitter, J.H. and Nikiforidis, C.V. 2020, Not sequentially but simultaneously: Facile extraction
of proteins and oleosomes from oilseeds. Food Hydrocolloids. 102: 105598.

- Peng, C. C., Lin, I, Lin, C. K. and Tzen, J. T. 2003. Size and stability of reconstituted sesame oil bodies
Biotechnology progress. 19(5): 1623-1626.

- Sowmya, M., Jeyarani, T., Jyotsna, R. and Indrani, D. 2009. Effect of replacement of fat with sesame oil
and additives on rheological, microstructural, quality characteristics and fatty acid profile of cakes. Food
Hydrocolloids. 23(7): 1827-1836.

- Van Rooijen, G. J. and Motoney, M. M. 1995. Plant seed oil-bodies as carriers for foreign proteins. Nature
Biotechnology. 13(1): 72-78.

- Van Vliet, T. Rheology and fracture mechanics of foods. 2013. Boca Raton. 1st Edition. CRC Press. 363
Pp.

- White, D., Fisk, 1., Mitchell, J., Wolf, B., Hill, S. and Gray, D. 2008. Sunflower-seed oil body emulsions:
rheology and stability assessment of a natural emulsion. Food Hydrocolloids. 22(7): 1224-1232.

- Yang, N., Feng, Y., Su, Ch., Wang, Q., Zhang, Y., Wei, Y., Zhao, M., Nishinari, K., Fang, Y. 2020.
Structure and tribology of k-carrageenan gels filled with natural oil bodies. Food Hydrocolloids. 107:
105945.

- Zhang, M., Yang, Y. and Acevedo, N. C. 2020. Effects of pre-heating soybean protein isolate and
transglutaminase treatments on the properties of egg-soybean protein isolate composite gels. Food
Chemistry. 318: 126421.

- Zhang, Y., Yang, N., Yu, Y., Wang, Q., Huang, P., Nishinari, K. and Fang, Y. 2019. Improving the
Stability of Oil Body Emulsions from Diverse Plant Seeds Using Sodium Alginate. Molecules., 24(21):
3856.

- Zhou, X., Chen, H., Lyu, F., Lin, H., Zhang, Q. and Ding, Y. 2019. Physicochemical properties and
microstructure of fish myofibrillar protein-lipid composite gels: Effects of fat type and concentration.
Food Hydrocolloids. 90: 433-44.

\ta



Food Engineering Research/Vol.21/No. 73/Autumn & Winter 2022/P: 151-168 Z
Jourmnal Home page: htips.//fooder.areeo.ac.it/

AERT FOODER

Original Research

Evaluation of rheological and textural structure of composite
gels using oleosome and sesame seed protein

F. Sheikh, M. Hasani ", H. Kiani, M. J. Asadollahzadeh and J. Seyfi

*Corresponding author: Assistant Professor, Department of Food science and Technology, Shahrood Branch, Islamic Azad
University, Shahrood, Iran. Email: m.hasani@iau-shahrood.ac.ir

Received:10 November 2021 Accepted: 10 June 2023

http://doi: 10.22092/FOODER.2023.356674.1318

Abstract

In the present study, a composite gel was prepared based on gelatin and sesame seed protein containing a fixed
amount of oleosome. The different ratios of sesame protein to gelatin (30:70, 50:50, 70:30 w/w%) and a constant
amount of 20% (w) oleosome were used to prepare the composite gel. Then the physicochemical properties of
sesame seeds, oleosomes and their extraction efficiencies were determined. The rheological, textural and
microstructural properties of the gels were also investigated. Protein and oleosome extraction efficiencies from
sesame seeds were 21+1.23% and 68.96+1.41%, respectively. The results showed that the amount of sesame
seed protein had significant effect on the gelation behavior and gel hardening, and the storage modulus and loss
modulus increased in the samples with the decrease of the process temperature from 50 to 4 degrees Celsius.
With the increase of sesame protein ratio, the amount of storage modulus and loss modulus at 4 degrees Celsius
temperature increased from 258 pascals to 149400 pascals and from 46.7 pascals to 37648 pascals, respectively.
The accumulation of protein molecules in the gel structure was observed with increasing the proportion of sesame
protein to 70% by light microscope. The results of the present research confirm that sesame seed oleosome can
be used as a substitute for fat particles in food products.
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