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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%

VA

Ciden 05,5 g Sy S (6l g Lol 3 [VWV] i 0o
byl a J5bl Cod 5 o oo Jib s Sl eslinal b it
S Sl i ST Sl eslial Lo Sl 5 pas
(RSM1) Gl gl s SS L e dd plol
Rl 3 Qg oS Dbl 0 VL el (5lugs
AV S sdle Jse b 50 255 D) s (23 el
lad S5 Sods Ol sl ) g gllas Ao ys
fome SBle) Jsl e Jold cangr 50 b 0 L b
+ (;:_p] by loe s J5bl s ) sl oo YR e
IV o e CBIE) £33 g 5 O 4 VY [ e
UL VN P S FCOWSE JvA g VS U DN
Slomed 5,8 5 5 L) e [ St + o]
Sle 4 [YV] el pfj,{:» £00-00 &S sl b pms &l
Ol ST 5T (ol pl s s YAY (5l) plgy g VAR
J g A36 it 5 (el o Y ) BHA (32
5 Ks BLSI OST ST 6 (sl o5 4 (el 2 AV
5 M 1S Bl a3 00 los 3 el £ Slos o3k o
e ST e d ) ol a0l O sl ST gl 2L
- 5Tl g bl (S 55 e T el Sl
s 8 aylie OleS| ST B (sl 8y b Gl
A 555 3N B 3 d S5 Ko O i 51 (6,8 5l
A eslinl

559 sl G0 o5l Y'Y

O3l IYYTO84E) O 3 g5 Gk A STy sl e
[YFT088V) OS5 0L (o, L doal S sl o
[Y£] (V489) 528 5 5 52Sals 555 L Gllae oty 5T e
5 LBl ot sl gadal, U lhae WSy55 il
oslard Ol sl e 3 kel G an el [YOT (Y400) (sigd
Lot @l gabaly b SlS| ol el 5 [Y1] £IVA

A Sl IYVI (Yo o) O 5 (03
Lesls g bl Jubow 5 405 —£-Y

@Ju)solﬁyuA)jqu‘m;guﬁﬁ)d\j
omjm_-.;ﬂw)u@«pﬂuﬁmm TV YY) e

1. Response Surface Methodology
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(Particle-size (um)) "*= 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
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 ppm.
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Treatment-storage time

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
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,SeOs
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
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 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
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 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
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 Na2SeO3
8.6 ppm, i.e., 3.92 ppm Se); BHA: 200 ppm.
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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 74um, 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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