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4. Peroxid Glutathione
5. Microencapsulation
6. Solvent evaporation
7. Oleoresin

8. Paprica
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1. tert-Butylhydroquinone
2. Butylated hydroxyanisole
3. Butylated hydroxytoluene
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(Encapsulation Efficiency (%)) "*=0.36902 —
3.48x107 (A) — 0.019625 (B) + 8.96x10™* (B)*
Mix solution = 20 mL final spray solution which
including 6 g (30%) Arabian-Persian gum
combination and 300 mg Na-selenite (15000 PPM)];
R*: 0.89, Adj-R* 0.87, Pred-R*:0.85, Adeq precision:
21.68,C.V.:2.77%
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1. Response Surface Methodology
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(Particle-size (um)) "7*= 5404.83853 — 65.69995
(A) — 164.87565 (B)

Mix solution = 20 mL final spray solution which
including 6 g (30%) Arabian-Persian gum
combination and 300 mg Na-selenite (15000 PPM)];
R*: 0.95, Adj-R* 0.94, Pred-R*: 0.93, Adeq
precision: 40.98, C.V.: 3.77%
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Fig 1 Investigation of the interaction of the percentage of gum Arabian and the ratio of ethanol to the mix solution
on the particle size and microencapsulation efficiency of selenium
[Mix solution =20 mL final spray solution which including 6 g (30%) Arabian-Persian gum and 300 mg Na-

selenite]
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Treatment-storage time
Fig 2 The interaction effect of treatment at different
storage time on soybean oil peroxide content
Mean + SD values, followed by the same superscript
letter within each column (treatment X storage time
interaction) have not significant differences in p <
0.05 by ANOVA. Mix solution :20 ml final spray
solution which including 6 g (30%) Arabian-Persian
gum combination and 300 mg Na-selenite (15000
ppm), Optl: Arabian-Persian gum profile (29-1% per
mix solution) & ethanol to mix solution ratio 12 with
a concentration of 180.6 ppm (i.e., 8.6-ppm sodium
selenite Or 3.92 ppm selenium). Opt2: Arabian-
Persian gum profile (27-3% per mix solution) &
ethanol to mix solution ratio 10 with a concentration
0f 180.6 ppm (i.e., 8.6-ppm sodium selenite or 3.92-
ppm selenium). Blank (Antioxidant free). Se-salt:
(un-microencapsulated sodium-selenite or Na,SeO;
8.6 ppm, i.e., 3.92 ppm Se); BHA: 200 ppm.
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Fig 4 The interaction effect of treatment at different
storage time on soybean oil Anisidine value
Mean + SD values, followed by the same superscript
letter within each column (treatment X storage time
interaction) have not significant differences in p <
0.05 by ANOVA. Mix solution: 20 ml final spray
solution which including 6 g (30%) Arabian-Persian
gum combination and 300 mg Na-selenite (15000
ppm), Optl: Arabian-Persian gum profile (29-1% per
mix solution) & ethanol to mix solution ratio 12 with
a concentration of 180.6 ppm (i.e., 8.6-ppm sodium
selenite Or 3.92 ppm selenium). Opt2: Arabian-
Persian gum profile (27-3% per mix solution) &
ethanol to mix solution ratio 10 with a concentration
0f 180.6 ppm (i.e., 8.6-ppm sodium selenite or 3.92-
ppm selenium). Blank (Antioxidant free). Se-salt:
(un-microencapsulated sodium-selenite or Na,SeO;
8.6 ppm, i.e., 3.92 ppm Se); BHA: 200 ppm.
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Fig 3 The interaction effect of treatment at different
storage time on soybean oil malondialdehyde content
Mean + SD values, followed by the same superscript

letter within each column (treatment X storage time

interaction) have not significant differences in
p<0.05 by ANOVA. Mix solution :20 ml final
spray solution which including 6 g (30%) Arabian-
Persian gum combination and 300 mg Na-selenite
(15000 ppm), Optl: Arabian-Persian gum profile (29-
1% per mix solution) & ethanol to mix solution ratio
12 with a concentration of 180.6 ppm (i.e., 8.6-ppm
sodium selenite Or 3.92 ppm selenium). Opt2:
Arabian-Persian gum profile (27-3% per mix
solution) & ethanol to mix solution ratio 10 with a
concentration of 180.6 ppm (i.e., 8.6-ppm sodium
selenite or 3.92-ppm selenium). Blank (Antioxidant
free). Se-salt: (un-microencapsulated sodium-selenite
or Na,SeO; 8.6 ppm, i.e., 3.92 ppm Se); BHA: 200
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Fig 5 The interaction effect of treatment at different
storage time on soybean oil Totox value
Mean + SD values, followed by the same superscript
letter within each column (treatment X storage time
interaction) have not significant differences in p <
0.05 by ANOVA. Mix solution: 20 ml final spray
solution which including 6 g (30%) Arabian-Persian
gum combination and 300 mg Na-selenite (15000
ppm), Optl: Arabian-Persian gum profile (29-1% per
mix solution) & ethanol to mix solution ratio 12 with
a concentration of 180.6 ppm (i.e., 8.6-ppm sodium
selenite Or 3.92 ppm selenium). Opt2: Arabian-
Persian gum profile (27-3% per mix solution) &
ethanol to mix solution ratio 10 with a concentration
0f 180.6 ppm (i.e., 8.6-ppm sodium selenite or 3.92-
ppm selenium). Blank (Antioxidant free). Se-salt:
(un-microencapsulated sodium-selenite or Na,SeO;
8.6 ppm, i.e., 3.92 ppm Se); BHA: 200 ppm.
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Fig 7 The interaction effect of treatment at different
storage time on soybean oil antioxidant activity
Mean + SD values, followed by the same superscript
letter within each column (treatment X storage time
interaction) have not significant differences in p <
0.05 by ANOVA. Mix solution :20 ml final spray
solution which including 6 g (30%) Arabian-Persian
gum combination and 300 mg Na-selenite (15000
ppm), Optl: Arabian-Persian gum profile (29-1% per
mix solution) & ethanol to mix solution ratio 12 with
a concentration of 180.6 ppm (i.e., 8.6-ppm sodium
selenite Or 3.92 ppm selenium). Opt2: Arabian-
Persian gum profile (27-3% per mix solution) &
ethanol to mix solution ratio 10 with a concentration
0f 180.6 ppm (i.e., 8.6-ppm sodium selenite or 3.92-
ppm selenium). Blank (Antioxidant free). Se-salt:
(un-microencapsulated sodium-selenite or Na,SeO;
8.6 ppm, i.e., 3.92 ppm Se); BHA: 200 ppm.
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Fig 6 The interaction effect of treatment at different
storage time on soybean oil total acid number
Mean + SD values, followed by the same superscript
letter within each column (treatment X storage time
interaction) have not significant differences in p <
0.05 by ANOVA. Mix solution: 20 ml final spray
solution which including 6 g (30%) Arabian-Persian
gum combination and 300 mg Na-selenite (15000
ppm), Optl: Arabian-Persian gum profile (29-1% per
mix solution) & ethanol to mix solution ratio 12 with
a concentration of 180.6 ppm (i.e., 8.6-ppm sodium
selenite Or 3.92 ppm selenium). Opt2: Arabian-
Persian gum profile (27-3% per mix solution) &
ethanol to mix solution ratio 10 with a concentration
0f 180.6 ppm (i.e., 8.6-ppm sodium selenite or 3.92-
ppm selenium). Blank (Antioxidant free). Se-salt:
(un-microencapsulated sodium-selenite or Na2SeO3
8.6 ppm, i.e., 3.92 ppm Se); BHA: 200 ppm.

KWL NG [PYRRL B K
Sl U io 5y 5o sl 4lS VS i L il
Loy S pidg bz B pgm sl 505 3l s S 5T
Aald &gl s o sad S eS| BT e s L2153
LI, Sustal el Ol o i s S odaliv
30 05 () ag) b dpeS i ol (gl el | Sl
L eS| 8T cdlad o 50 o 0l 0L g fer
@ p ey Sa) 3 oS WS e Sk (ol sl
Caher jpim ey opl glaanl ulud osls olanst] sy
S Ry SeSI T Cld usE s 03 e
Oz e sSre Sl dd O gesldenST Sl (g cpimman 5 axdls
M o &S WS 5SS (Y009) O 5 5555 ol
b lols s ST SLS 5 pashe S 03y 28


http://dx.doi.org/10.52547/fsct.17.108.165
https://fsct.modares.ac.ir/article-7-42939-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-05 ]

[ DOI: 10.52547/fsct.17.108.165 ]

\YAQ UA—@J g\v 092 g\'/\ o)w

DOI10.29252/fsct.17.11.13

s b 5 £l

antioxidant in soybean oil. Journal of Food
Chemistry, 85: 215-220.
[2] Mirnezami Ziabari, H. 2009 Oil technology

and refinery. Iranian Journal of Agricultural
Science, 467. [In Persian].

[3] Hammond, E. G., Johnson, L. A., Su, C,,
Wang, T., White, P. J. 2005. Soybean oil. John
Wiley & Sons. New Jersey. Bailey's Industrial
Oil and Fat Products (6ed), 577-672.

[4] Hui, Y H. 1996. Bailey’s Industrial Oil and Fat
Products (5ed). John Wiley & Sons. New York.
Vol 2 & 4.

[5] Namiki, M. 1990. Antioxidants, antimutagens
in food. Journal of Critical Reviews in Food
Science and Nutrition, 29(4): 273-300.

[6] Kahl, R., Kappus, H. 1993. Toxicity of
synthetic antioxidants BHT and BHA in
comparison with natural antioxidants vitamin E.
Zeitschrift fur Lebensmittel-Untersuchung und
Forschung, 196, 329-338.

[7] Ortega-Ramirez, L. A., Rodriguez-Garcia, 1.,
Leyva J. M., Cruz-Valenzuela, M. R., Silva-
Espinoza, B. A., Gonzalez- Aguilar, G. A,
Ayala-Zavala, J. F. 2014. Potential of medicinal
plants as antimicrobial and antioxidant agents in
food industry: a hypothesis. Journal of food
science, 79(2), 129-137.

[8] Martinez, M. L., Penci, M. C., Ixtaina, V.,
Ribotta, P. D., Maestri, D. 2013. Effect of
natural and synthetic antioxidants on the
oxidative stability of walnut oil under different
storage conditions. LWT - Food Science and
Technology, 51(1): 44-50.

[9] Schwatrz, S. 1976. Essentiality and metabolic
function of Selenium. Medical Clinics of North
America, 60:745-58.

[10] Rayman, M. P. 2000. The importance of
selenium to human health. Lancent, 356(9225),
233-241.

[11] Spallholz, J. E. 2001. Selenium and the
prevention of cancer. The Bulletin of Selenium-
Tellurium Development Association, 1-6.

[12] Patrick, L. 2004. Selenium biochemistry and
Cancer: a review of literature. Alternative
Medicine Review, 9(3): 238-58.

[13] Ursini, P., Heim, S., Kiess, M., Maiorino, M.,
Roveri, A., Wissing, J. 1999. Dual function of
the selenoprotein PHGPx during sperm
maturation. Science, 285(5432): 1393-6.

S S Ao — 8
o o (Ol S| 5T 5l il U Sl g5y 5l eslic ol
Godes J,xS ila, Lo 5 s O LaluSlas Oly il sl
ol 8l Eel 855 0500 4 S S e il
s b e 12 (K Ol e b 85 sl
& e OMenS1 5T 5 0 Sl 515 aobon S OS5

c.l:_.w\ g.,<.3‘)}1_‘4)l4}—_‘5 SAe c.l:.ws‘ﬂ She cl.g‘}..» &b}) BE cBHA

Clab g S gl sde 5 WSS el sl !
OMeS1 5T e )l 2l 33l L o, SlS] o
551 0Pt2 5 Opt] g sladipoi & i BHA (555
Clad iaman 5 Gl e 5 WS 55wl g AS] ) sde
SLas 53 by 55 (SO p sy S5 53 eS| 3
Optl g absei 5,5, 545 S5 ol S ol a5 00
SIBHA (g5mw 0l0eS| 57 5 OPt2 g € 500 4 S
Sl men 5 S 555 el s eS|y e S
o3 53 Ly ) M i e 525 03 SMeSI AT
g glaa el Ol s oS ol S sl a5 00
sde e 5l BHA (g5mw olos| x1 5 Opt2 5 Optl
3 oo s W35 3 il i) 5 el S350
Sl il g s 0 Sl ads B 51 2 e
&:.éj_fj_]é_i):b.éjwﬁ (P>e00) w8 gl e
g e e D (635 (5 o A0S | 5T o pllaals S 31
el Olpe 4 edd Gl s el Sl R ]
il g eiS bas e BHA (v Oloecs]

3 84 s i, 8L

6)‘}&»\:.«: -0
Sl M ool I8 e Ol Bl 25,3 5]

,.i.w.f:m Jls ;.ul?u”— 5 d'i] SR ;W‘ 6[2..,4\) BE) ,_W.A ‘5}4 E) ,,Q.LG

Byl

gl 1

[1] Rahman, Z., Habib, F., Shah, W. 2004.
Utilization of potato peels extract as a natural


http://dx.doi.org/10.52547/fsct.17.108.165
https://fsct.modares.ac.ir/article-7-42939-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-05 ]

[ DOI: 10.52547/fsct.17.108.165 ]

gt G815 ol o)

of Iran, the method of measuring the acidity in
edible oils and fats. ISIRI no 4178. ISIRI; 1999.
P. 1-7. [In Persian].

[27] Ghanbari, R., Ghavami, M., & Safafar, H.
2006. Evaluation of the possibility of natural
antioxidant production from salvia officinalis
increase shelf life of oily, canola, cottonseed oil.
Journal of Food Science and Technology, 3, 18-
26. [In Persian].

[28] Labuza, T. P.,, & Schmidl, M. K. 1985.
Accelerated shelf life testing of foods. Food
technology (USA), 39(9): 57-64.

[29] Robertson, G. L. 2012. Food packaging:
principles and practice, Shelf Life of Foods:
CRC press, Chapter 12, 329-63.

[30] Zilberboim, R., Kopelman, L. J., Talmon, Y.
1986. Microencapsulation by a dehydrating
liquid: retention of paprika oleoresin and
aromatic esters. Journal of Food science, 51(5):
1301-1306.

[31] Pakzad, H., Alemzadeh, I., Kazemi, A. 2013.
Encapsulation of peppermint oil with Arabic
gum-gelatin by complex coacervation method.
International Journal of Engineering, 26(8): 807-
814.

[32] Fernandes, R. V. B., Borges, S. V., Botrel, D.
A. 2014. Gum arabic/starch/maltodextrin/inulin
as wall materials on the microencapsulation of
rosemary oil. Carbohydrate Polymers, 101: 524-
532.

[33] Premi, M., Sharma, H. K. 2017. Effect of
different combinations of maltodextrin, gum
arabic and whey protein concentrate on the
encapsulation behaviour and oxidative stability
of spray dried drumstick (Moringa oleifera) oil.
International Journal of Biological
Macromolecules, 105(1): 1232-1240.

[34] Kabiri, S., & Sayyed-Alangi, S. Z. 2015.
Comparison of Antioxidant effect of different
extracts from Melissa officinalis leaves with
immersion and microwave-assisted extractions
and its oxidative stability on soybean oil.
Innovative Food Technologies, 2(4), 23-38. [In
Persian].

[35] Mojerloo, z., Elhamirad, A. H., Najafi, A.
2015. The study of the antioxidative effect of the
ethanolic extract of the olive meal on the
oxidative stability of soybean oil compared to
some chemical antioxidants. Journal of
Innovation in Food Science and Technology, 3:
15-23. [In Persian].

v

[14] Brody, T. 1999. Nutritional biochemistry
(2ed). San Diego: Academic Press; p. 837.

[15] Loksuwan, J. 2007. Characteristics of
microencapsulated B-carotene formed by spray
drying with modified tapioca starch, native
tapioca starch and maltodextrin. Food
Hydrocolloids, 21, 928-935.

[16] Richmond, F. L., Moss, R. D. 1983. Vitamin
encapsulation. US Patent-4389419, 6-1.

[17] Gupta, C., Chawla, P., Arora, S., Tomar, S.
K., Singh, A. K. 2015. Iron microencapsulation
with blend of gum arabic, maltodextrin and
modified starch using modified solvent
evaporation method — Milk fortification. Food
Hydrocolloids, 43, 622-628.

[18] McNamee, B. F., O’Riorda, E. D.,
O’Sullivan, M. 2001. Effect of partial
replacement of gum arabic with carbohydrates
on its microencapsulation properties. Journal of
agricultural and food chemistry, 49(7): 3385-
3388.

[19] Trindade, M. A., Grosso, C. R. F. 2000. The
stability of ascorbic acidmicroencapsulated in
granules of rice starch and in gum arabic.
Journal of Microencapsulation, 17(2): 169-176.

[20] AOAC. 2005. Official methods of analysis of
the Association of Analytical Chemists
International (18th Ed.): 481. North Fredrick
Avenue Gaithersburg, Maryland, USA.

[21] Farag, R. S., Mahmoud, E. A., & Basuny, A
.M. 2007. Use crude olive leaf juice as a natural
antioxidant for the stability of sunflower oil
during heating. International Journal of Food
Science & Technology, 42(1): 107-115.

[22] Firestone, D. 1994. AOCS, Official methods
and recommended practices of the American Oil
Chemists' Society. 4th Ed.: AOCS Press,
Champaign.

[23] Egan, H., Kirk, S., & Sawyer, R. 1997.
Pearson's composition and analysis of foods
London: (9th Ed.) Longman Scientific and
Technical Group Ltd. 609-634.

[24] Tompkins, C., & Perkins, E .G. 1999. The
evaluation of frying oils with the p-Anisidine
value. Journal of the American Oil Chemists'
Society, 76(8): 945-947.

[25] Wanasundara, P. K. J. P. D., & Shahidi, F.
2005. Antioxidants: Science, Technology, and
Applications. Bailey's Industrial Oil and Fat
Products.

[26] Institute of Standards and Industrial Research


http://dx.doi.org/10.52547/fsct.17.108.165
https://fsct.modares.ac.ir/article-7-42939-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-05 ]

[ DOI: 10.52547/fsct.17.108.165 ]

\Y“H UA_@; g\\/ 092 g\'/\ o)w

DOI10.29252/fsct.17.11.13

s b 5 £l

and Bioprocess Technology, 5(8): 3090-3102.

[43] Fathollahi, A., & Keramat, j. 2017 May.
Anti-oxidative activities of carrot and beet
extract on soybean oil. Paper presented at the
first National Conference on New Technologies
in Food Science and Tourism, Sari. [In Persian].

[44] Pokorny, J., Yanishlieva, N., Gordon M.
2001. Antioxidants in Food: Practical
application. Cambridge: Woodhead Publishing
Ltd and CRC Press LLC, pp. 311-330.

[45] Shahidi, F. 2005. Bailey’s Industrial Oil and
Fat Products (sixth Ed), John Wiley & Sons Inc.,
simultaneously in Canada, 1-3687.

[46] Roshan, M., Esmaeel-zade Kenari, R. 2017.

Antioxidant effect of strawberry leaves extracts
on stabilization of sunflower oil during storage
condition. Iranian Journal of Food Science and
Technology; 65(14): 301-309. [In Persian].

[47] Fadavi, A. & Koohsari, H. 2015.
Antioxidant and antimicrobial effects of orange
(Citrus sinensis) leaves extract cultivated in Iran
and stability investigation of soybean oil
enriched with  that.  Innovative  Food
Technologies, 2(3), 85- 96. [In Persian].

[48] Queiroz, Y. S., Ishimoto, E., Bastos, D. H.
M., Sampaio, G. R. 2009. Garlic and ready to eat
garlic products. Journal of food chemistry, 115:
371-374.

[49] Almasi, H. 2016. Comparison of direct
addition and using of antioxidant active film
containing nettle leaves extract in oxidative
stability of soybean oil. Journal of Food
Research, 26(3): 411-427. [In Persian].

[50] Ortiz-Vazquez, H., Shin, J., Soto-Valdez, H.,
Auras, R. 2011. Release of butylated
hydroxytoluene (BHT) from poly (Lactic acid)
films. Polymer testing, 30: 463-471.

\\a%

[36] Chang, S., Bassiri, A., Jalali, H.2013.
Evaluation of antioxidant activity of fennel
(Foeniculum vulgare) seed extract on oxidative
stability of olive oil. Journal of Chemical Health
Risks, 3(2): 53-61.

[37] Ben-Ali, M., Dhouib, K., Damak, M., &
Allouche, N. 2014. Stabilization of sunflower oil
during accelerated storage: use of basil extract as
a potential alternative to synthetic antioxidants.
International journal of food properties, 17(7),
1547-1559.

[38] Calvo, P., Castan"™o AL, Lozano M.,
Gonza'lez-Go'mez, D. 2012. Influence of
themicroencapsulation on the quality parameters
and shelf life of extra-virgin olive oil
encapsulated in the presence of BHT and
different capsule wall components. Food
Research International, 45(1): 256-61.

[39] Mohammadi, A., Jafari, SM., Esfanjani, A.
F., Akhavan S. 2016. Application of nano-
encapsulated olive leaf extract in controlling the
oxidative stability of soybean oil. Food
Chemistry, 190: 513-519.

[40] Batool, M., Nadeem, M., Imran, M., Gulzar,
N., Shahid, M. Q., Shahbaz, M., Khan, LT.
2018. Impact of vitamin E and selenium on
antioxidant capacity and lipid oxidation of
cheddar cheese in accelerated ripening. Lipids in
health and disease, 17(1): 79.

[41] Doleschall, F., Kemeny, Z., Recseg, K.,
Kovari, K. 2002. A new analytical method to
monitor lipid peroxidation during bleaching.
European Journal of Lipid Science and
Technology, 104:14-18.

[42] Sun-Waterhouse, D., Penin-Peyta, L.,
Wadhwa, S. S., & Waterhouse, G. 1. N. 2012.
Storage stability of phenolic fortified Avocado
oil encapsulated using different polymer
formulations and co-extrusion technology. Food


http://dx.doi.org/10.52547/fsct.17.108.165
https://fsct.modares.ac.ir/article-7-42939-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-05 ]

[ DOI: 10.52547/fsct.17.108.165 ]

JEST No. 108, Vol. 17, February 2021 ABSTRACT

Evaluation of antioxidant properties of selenium microencapsulated
in antioxidant-free soybean oil refined

Abbasi, S. |, Goli, M. >*

1. MSc, Department of Food Science and Technology, Isfahan (Khorasgan) Branch, Islamic Azad University,

Isfahan, Iran
2. Associate professor, Department of Food Science and Technology, Isfahan (Khorasgan) Branch, Islamic Azad

University, Isfahan, Iran
3. Associate professor, Laser and Biophotonics in Biotechnologies Research Center, Isfahan (Khorasgan) Branch,
Islamic Azad University, Isfahan, Iran

(Received: 2020/05/16 Accepted: 2020/08/31)

Much research was done approaching replacing synthetic antioxidants with adverse nutritional effects. In
this study, the antioxidant effect of microencapsulated sodium selenite in delaying oxidation of soybean
oil investigated. Microencapsulation of 15000 ppm sodium-selenite was carried out, comprising the
following combination: Arabic gum (25, 26, 27, 28, and 29%) and a corresponding amount of Farsi gum
(corresponding to Arabic gum, respectively 1, 2, 3, 4, and 5%) using the solvent (ethanol with purity
96%) evaporation method. The ratio of ethanol to the mix solution [combination gum + sodium selenite]
was (4, 6, 8, 10, and 12). Finally, optimal formulal (EE 94%, particle-size 64.9um, Arabic gum 29%,
Farsi gum 1%, and the ratio of ethanol to the mix solution 12 ) and the optimal formula2 (EE 84.4%,
particle-size 74pum, Arabic gum 27%, Farsi gum 3%, and the ratio of ethanol to the mix solution 10) were
selected. Consequently, the two selected optimal formulas (180.6PPM), the BHA(200PPM), and the un-
microencapsulated sodium-selenite (8.6PPM) were added to antioxidant-free soybean oil and then were
placed at the 55°C for (0, 23, 46 days) equal to 20 °C, 180, 360 days) by shelf-life accelerator program.
The oxidation indices compared with soybean oil that did not contain any anti-oxidant. EE increased and
particle size decreased with increasing Arabic gum levels and the ethanol to mix solution ratio.
Encapsulated selenium, such as BHA, increased antioxidant activity and decreased soybean-oil oxidation
indices. The effective and propositional treatments are presented in the following order respectively:
blank (antioxidant-free) < un-microencapsulated sodium-selenite < BHA = Opt2 < Optl.

Keywords: Sodium selenite, Microencapsulation, Solvent evaporation method, Response surface
methodology, Oxidation indices
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