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Table 1 Effect of different mixing ratios of microemulsionain components along a dilution line on
the fittingness of the rheological data, obtainef stepwise changes of the shear rate from 25 to
250 $', with rheological models.
Rheological Models

Tomato waste powder:

saponin/propylene glycol: Index Newtonian Hgalslflgil_ P%NV\? r Bg}g?t?én
Water

R? 0.9439 0.9974 0.9970 0.9969

11:33:56 RMSE 0.7573 0.1288 0.1355 0.1377

1 0.0194 0.0035 0.0036 0.0036

R? 0.9139 0.9962 0.9895 0.9942

10:30:60 RMSE 0.5864 0.1261 0.2076 0.1538

1 0.0150 0.0034 0.0055 0.0040

R? 0.8392 0.9968 0.9859 0.9937

9:27:64 RMSE 0.7565 0.1089 0.2269 0.1520

1 0.0215 0.0269 0.0259 0.0262

R? 0.6634 0.9978 0.9920 0.9976

8:25:67 RMSE 1.2670 0.1049 0.1980 0.1078

1 0.0325 0.0028 0.0052 0.0028

R 0.4877 0.9983 0.9892 0.9977

8:23:69 RMSE 1.8220 0.1070 0.2682 0.1246

xz 0.0467 0.0029 0.0071 0.0033

R 0.9010 0.9964 0.9941 0.9961

7:22:71 RMSE 1.2950 0.1299 0.1643 0.1329

XZ 0.0332 0.0035 0.0043 0.0035

R 0.8976 0.9926 0.9757 0.9874

7:20:73 RMSE 0.8827 0.1415 0.2537 0.1824

xz 0.0226 0.0038 0.0067 0.0048
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Table 2Values of rheological parameters of the HerschéklBy model at constant shear rate of 52 s
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! and temperature of 25 + (6 for microemulsions prepared using different mixiatios of main
components along a dilution line.

Tomato waste powder: Apparent Consistency Flow Yield

saponin/propylene glycol: VISCosity index behaviour stress
Water (mPa.s) (mPa.s) index (mPa)
11:33:56 7.950 0.003 0.862 1.298
10:30:60 9.020 0.006 0.699 3.082

9:27:64 10.530 0.017 0.672 3.782

8:25:67 12.270 0.022 0.439 4.536

8:23:69 13.110 0.018 0.470 6.846

7:22:71 15.530 0.014 0.893 3.426

7:20:73 8.260 0.002 0.894 4.221

oomed 3,8 15 eslial 3)pe O gely Ko gab
Slwly S5 O gl Seo st sas SL 2 Sk, (ganllas
b sl 5l ol Cu (Solwsdy bl
S OB it sl db e MBS
Jhe ol gaddllae s s agd S O ed el S
AL 635 Jhe pl a5 o IS Ji e
s lparls Wl e (Ol pamls 5 el o2

L O eed gol s S e g bl sl

@L’.o -0

[1] Ordénez-Santos, L.E., and Vazquez-
Riascos, A., 2010. Effect of Processing and
Storage Time on the Vitamin C and
Lycopene Contents of Nectar of Pink Guava
(Psidium guajava L.). Archivos
Latinoamericanos de Nutriciéivol. 60, No.

3, pp. 280-284

[2] Arab, L., and Steck, S., 2000. Lycopene
and Cardiovascular DiseaseAmerican
Journal of Clinical Nutrition Vol. 71, No. 6,
pp. 1691-1695.

[3] Rao, A.V., and Agarwal, S., 2000. Role of
Antioxidant Lycopene in Cancer and Heart
DiseaseJournal of the American College of
Nutrition, Vol. 19, No. 5, pp. 563-569.

[4] Luengo, E., Alvarez, 1., and Raso, J., 2014.
Improving Carotenoid Extraction from
Tomato Waste by Pulsed Electric Fields.
Frontiers in Nutrition Vol. 1, No. 12, doi:
10.3389/fnut.2014.00012.

[5] Nobre, B.P., Palavra, A.F., Pessoa, F.L.P.,
and Mendes, R.L., 2009. Supercritical £O
Extraction of  Trans-Lycopene  from

ov

05 ekl edalle gado &S LS J'“Uljf iz ol
Dl 3 dons i pln 52 Al Sl e
03 e & ey o3 g5 3ol i gekiasOlis
a ol s s, bele Jias gabl 55 a3 5 ap O
Sl L s s s Ol w5 aesyss
LY0] il 2l OLSU an 3580 s

S 3,85 JEyS (Yerr) Moulik 5 Paul bl cpes s
[ $=SDS /Ol Osad gals o gailale (g4 55 s
SRIA T 05 L e IS sl e 08 IS
sl lajlle s 20580 4 ol sdalie Hlé, il
ol s esls Gl atagn 95 g4l s gjbo.)wzﬁ o
P53 55Ky Sl s ped 3 iy el i
e gala Olye w1y dbole 5 O S3s dos S
L3S slgnin ST s ey a ey s ol sl sl
[Y\WV]

(S S 4o 4
LSy 5 Osedsols S Sra) Ol ol sl s
SMass 5w il sy SOl 4 el b
e Slablons Sl ST Al Gl Gy e
P gadlas s g e 53 A eslinad (S ar S
bax slialy 5o sl Culia (6,83l oS sls ol
Slo g s 0l sy K Olgs a4 LS s s3leGSs
55 bslitle ol Ol e 5 05568 bbb gl s

1. Peak point



das 55 iSO seed 30l 5 S Ll 56 s

ol Ol 5 Sy (5l aible

[14] Eastoe, J.G., 2005. Microemulsions.

Surfactant Chemistry Wuhan: Wuhan
University Press, pp. 59-95.
[15] Bera, A., and Mandal, A., 2015.

Microemulsions: A Novel Approach to
Enhanced Oil Recovery: A Reviedournal
of Petroleum Exploration and Production
TechnologyVol. 5, No. 3, pp. 255-268.

[16] Berry, N., 2011. Development and
Stability of Microemulsions as Carriers for
Nutraceuticals. Master of Science Thesis.
Ryerson University, Toronto, Ontario,
Canada, p. 18.

[17] Paul, B., and Moulik, S.P., 2000. The
Viscosity Behaviours of Microemulsions: An
Overview. Proceeding of Indian National
Science Academy Part Xol. 66, No. 5, pp.
499-519.

[18] Papaioannou, E.H., and Karabelas, A.J.,
2012. Lycopene Recovery from Tomato Peel
under Mild Conditions Assisted by
Enzymatic Pre-Treatment and Non-lonic
SurfactantsActa Biochimica PolonicaVol.
59, No. 1, pp. 71-74.

[19] Jin, K.C., Ho, K.I., Jin, C.Y., Tai, K.C.,
Hwan, K.I., Jung, O.H., and Soo, K.S., 2008.
Development of Lycopene Recovery and
Solubilization by Microemulsion System.
Korea Food Research Institut®epublic of
Korea. Patent No. KR100845317B.

[20] Crgu, R., Dima, C., Bahrim, G., and
Dima, S., 2011. Improved Solubilization of
Curcumin  with a  Microemulsification
Formulation. The Annals of the University
Dunarea de Jos of Galati Fascicle VI — Food
TechnologyVol. 35, No. 2, pp. 46-55.

[21] Zzhong, F., Yu, M., Luo, C., Shoemaker,
C.F., Li, Y, Xia, S., and Ma, J., 2009.
Formation and Characterisation of Mint
Oil/S and CS/Water Microemulsiongood
Chemistry Vol. 115, No. 2, pp. 539-544.

[22] Fang, J., and Raymond, L.V., 1978.
Conductivity Study of the Microemulsion
System Sodium Dodecyl Sulfate-Hexy-
Lamine-Hepane-WaterJournal of Colloid
and Interface Sciengé/ol. 116, No. 1, pp.
269-277.

[23] Amiri, S., Abbasi, S., Ezzatpanah, H., and
Hosseini, E., 2013. Nanocapsulation of
Orange Peel Oil Using Microemulsion
Technique.Agro FOOD Industry Hi Tecgh
Vol. 24, pp. 44-47.

[24] Radi, M., Abbasi, S., Hamidi, Z., and
Azizi, M.H., 2013. Development of a New
Method for Extraction of Canola Oil Using

oA

Portuguese Tomato Industrial Wasknod
Chemistry Vol. 116, No. 3, pp. 680-685.

[6] Brandt, S., Pék, Z., Barna, E., Lugasi, A.,
and Helyes, L., 2006. Lycopene Content and
Colour of Ripening Tomatoes as Affected by
Environmental ConditionsJournal of the
Science of Food and Agricultyré/ol. 86,
No. 4, pp. 568-572.

[7] Kohansal, M.R., and Zamaninejad, S.A.,
2013. The Survey of Tomato Demand in
Iran. Agriculture Science Developmentéol.

2, No. 12, pp. 126-127.

[8] Naviglio, D., Pizzolongo, F., Ferrara, L.,
Naviglio, B., Aragon, A., and Santini, A.,
2008. Extraction of Pure Lycopene from
Industrial Tomato By Products in Water
Using a New High Pressure Process.
Journal of the Science of Food and
Agriculture Vol. 88, No. 14, pp. 2414-2420.

[9] Pegklidou, K., Mantzouridou, F., and
Tsimidou, M.Z., 2008. Lycopene Production
Using Blakeslea Trisporan the Presence of
2-Methyl Imidazole: Yield, Selectivity, and
Safety AspectsJournal of Agricultural and
Food ChemistryVol. 56, No. 12, pp. 4482—
4490.

[10] Wang, G.S., Grammel, H., Abou-Aisha,
K., Sagesser, R., and Ghosh, R., 2012. High-
Level Production of the Industrial Product
Lycopene by the Photosynthetic Bacterium
Rhodospirillum  Rubrum Applied and
Environmental Microbiology Vol. 78, No.
20, pp. 7205-7215.

[11] Abbasi, S., and Scanlon, M.G., 2016.
Nano-Structural Characterisation of Food-
Grade Microemulsions: Ultrasonic Resonator
Technology. In Grumezescu, A.M. ed.
Nanotechnology in Food Industry(20
volumes) Vol 3: Emulsions, Chapter 13.
Amsterdam: Elsevier.

[12] Shu, Y., Cheng, D., Chen, X., and Wang,
J., 2008. A Reverse Microemulsion of
Water/AOT/1-Butyl-3-Methylimidazolium
Hexafluorophosphate for Selective
Extraction of HemoglobinSeparation and
Purification Technologyyol. 64, No. 2, pp.
154-1509.

[13] Spernath, A., Yaghmur, A., Aserin, A.,
Hoffman, R.E., and Garti, N., 2002. Food-
Grade Microemulsions Based on Nonionic
Emulsifiers: Media to Enhance Lycopene
Solubilization. Journal of Agricultural and
Food ChemistryVol. 50, No. 23, pp. 6917—
6922.



\T‘d\-\J@ﬁu\i 092 AA G)ijd

e GW}f}l&

2009. Encapsulation of Sesame Oil by
Microemulsion Technique: Study of Phase
Diagram. XVIl International Conference on
Bioencapsulation Groningen, Netherlands,
Sept 24-26.

[31] Azarikia, F., and Abbasi, S., 2016.
Mechanism of Soluble Complex Formation
of Milk Proteins with Native Gums
(Tragacanth and Persian Gum)-ood
Hydrocolloids Vol. 59, pp. 35-44.

[32] Spernath, A., Yaghmur, A., Aserin, A.,
Hoffman, R.E., and Garti, N., 2002. Food-
Grade Microemulsions Based on Nonionic
Emulsifiers: Media to Enhance Lycopene
Solubilization. Journal of Agricultural and
Food ChemistryVol. 50, No. 23, pp. 6917—
6922.

[33] Milovi¢ Mladen, R.,Buri§ Jelena, D.,
Vasiljevi¢c Dragana, D.puri¢ Zorica, R., and
Ibri¢ Svetlana, R., 2012. Potential
Application of Surfactant Systems in
Formulation of Dosage Forms with Slightly
Soluble SubstancesHemijska Industrija
Vol. 66, No. 5, pp. 667-676.

[34] Atashafrooz, Z., Maleki Dizaj, S., and
Salehi Sadaghiani, A., 2014. Cucurbita Pepo
Oil as a Drug Microemulsion Formulation:
Study of Phase DiagramNanomedicine
Journal Vol. 1, No. 5, pp. 298-301.

[35] Szumata, P., and Szgl H., 2012. Water
Solubilization Using Nonionic Surfactants
from Renewable Sources in Microemulsion
Systems. Journal of Surfactants and
DetergentsVol. 15, No. 4, pp. 485-494.

04

Lecithin Based Microemulsion Systems.
Agro Food Industry Hi Teghvol. 24, No. 5,
pp. 70-72.

[25] Moulik, S.P., and Rakshit, A.K., 2006.
Physicochemisty and Applications of
Microemulsions.Journal of Surface Science
and TechnologyVol. 2, No. 34, pp. 159—-
186.

[26] Desai, S.A., Mohite, R.A., and Hajare,
A.A., 2015. Screening of Safflower Oil
Microemulsion for Enhancing
Bioavailability of Lovastatin.International
Journal of Pharma Sciences and Research
Vol. 6, No. 1, pp. 28-49.

[27] Fish, W.W., Perkins-Veazie, P., and
Collins, J.K., 2002. A Quantitative Assay for
Lycopene that Utilizes Reduced Volumes of
Organic  Solvents. Journal of Food
Composition and Analysisvol. 15, No. 3,
pp. 309-317.

[28] Amiri-Rigi, A., and Abbasi, S., 2016.
Microemulsion-Based Lycopene Extraction:
Effect of Surfactants, Co-Surfactants and
Pretreatmentdzood ChemistryVol. 197, pp.
1002-1009.

[29] Amiri-Rigi, A., Abbasi, S., and Scanlon,
M.G., 2016. Enhanced Lycopene Extraction
from Tomato Industrial Waste Using
Microemulsion Technique: Optimization of
Enzymatic andUltrasound Pre-Treatments.
Innovative Food Science and Emerging
TechnologiesVol. 35, pp. 160-167

[30] Okonogi, S., Saeio, K., Chaiyana, W.,

Yotwimonwat, S., and Niwatananan, W.,



JEST No. 68, Vol. 14, Sep 2017 ABSTRACT

Determination of Lycopene Microemulsion Nanostructue Using
Electrical Conductivity and Rheological Measuremerd

Amiri-Rigi, A. !, Abbasi, S

1. PhD student, Food Colloids and Rheology Labpddenent of Food Science and Engineering, Factilty o
Agriculture, Tarbiat Modares University, Tehrargrir
2. Associate Professor, Food Colloids and Rheolaly, Department of Food Science and Engineering,
Faculty of Agriculture, Tarbiat Modares Universifygehran, Iran
(Received: 2016/10/02 Accepted: 2017/01/14)

Microemulsions are optically transparent and thelynamically stable systems showing selective
and safe extraction capability of nutraceuticatsrirdifferent plant matrices. Moreover, investigatio
of their nanostructure (normal micelle, reverse aih; bicontinuous) provides noteworthy
information with regard to application purposesefgiore, in the present study the extraction of
lycopene from the industrial waste of tomato padésts was done using microemulsion technique
(prepared with natural surfactant of saponin arslidactant of propylene glycol), and the divergent
nanostructures of the single phase microemulsiore wevestigated by electrical conductivity and
rheological measurements. These measurements dibrign lines in the pseudo-ternary phase
diagram and water titration method showed goodtghil simple and fast determination of different
nanostructures and their boundaries in microemulsegion. Moreover, Herschel-Bulkley model
fitted best with upward mode (shear rate—sheassti all tested samples.
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