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6. Thiobarbituric acid
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Table 1 Levels of experimental variables for the encapsulation of fish oil

Encoded levels icon variable type
-1 0 +1
Fish oil % A 3 5
Total biopolymer% B 3 5
Homogenizer speed (rpm) C 7000 9000 11000

Table 2 Experimental design of fish oil with vitamin E with polymeric materials of gelatin and
Arabic gum using the complex coaservation

Treatment Fish oil % Total biopolymer% Homogenizer speed (rpm)
1 3 3 9000
2 1 1 11000
3 3 5 9000
4 5 5 11000
5 5 3 9000
6 3 3 9000
7 3 3 7000
8 3 3 9000
9 5 5 7000
10 5 1 11000
11 1 1 7000
12 1 5 11000
13 3 3 9000
14 1 3 9000
15 3 1 9000
16 3 3 9000
17 3 3 11000
18 5 1 7000
19 3 3 9000

20 1 5 7000
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Table 3 Results of colorimetric parameters of powder produced

Treatment L b Whiteness
2 82/12+2/4 1/87+2/60 82/48+3/30
5 81/82+3/4 28/21+12/90 65/62+11/66
9 78/18+0/9 31/47+4/28 75/44+9/34
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Table 4 Analysis of variance of measured parameters of manufactured nanoparticles

Model L b* Whiteness
Source R-Squares p-value R-Squares p-value R-Squares p-value
model 47/29 0/0066 797/93 0/02 187/82 0/0412
A 2/10 0/1675 747/53 0/003 159/36 0/0090
B 18/63 0/0013 42/15 0/4179 15/58 0/3629
C 0/028 0/8667 8/24 0/7179 12/61 0/4158
AB 0/99 0/3297
AC 0/48 0/4927
BC 0/33 0/5692
A? 2/27 0/1526
B* 3/11 0/1000
C: 1/04 0/3203
Risidual 9/47 975/43 289/10
Lake of fit 5/13 0/4297 668/40 0/5439 148/37 0/8563
Pure Error 4/34 307/03 140/73
Core Total 56/76 1773/63 476/92
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Model TBA, TBA, TBA: TBA;
Source R-Squares  p-value R-Squares p-value R-Squares  p-value R-Squares p-value
model 3/773E-004  0/0194 0/017 0/0149 0/046 0/0006 0/058 0/0008
A 2/500E-004  0/0006 0/016 0/0028 0/044 0/0001 0/015 0/0008
B 0 1/000 1/040E-003 0/3872 5/760E-005  0/8486 9/000E-003 0/0044
C 0 1/000 6/40E-006 0/9453 2/690E-003  0/2035 2/560E-003 0/0800
AB 0 1/000 1/250E-005 0/8944
AC 0 1/000 3/612-E003 0/0423
BC 0 1/000 4/512E-003 0/0271
Al 2/273E-006  0/6482 4/455E-004 0/4354
B? 9/602E-005  0/0121 2/114E-003 0/1071
c? 4/602E-005  0/0604 3/914E-003 0/0368
Risidual 1/027E-004 0/021 0/024 6/747E-003
Lake of fit 1/939E-005  0/9322 0/012 0/7605 0/012 0/8767 4/846E-003 0/1605
Pure Error ~ 8/333E-005 8/867E-003 0/012 1/883E-003
Core Total ~ 4/800E-004 0/038 0/071 0/056
0.18 2
0.1425
0.105
0.0675
0.03
i
5.00 5
400 //'4/

3.00 3

2

B: Total biopolimer concentration®® A: Oil Cocentration

Fig 4 Response level of fish oil and biopolymeric eftlef;:tion the production of thiobarbituric production of the
first month
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Fig S Response level of fish oil and biopolymeric effect on the production of thiobarbituric acid production in
the second month
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Fig 6 Response level of fish oil and biopolymeric effect on the production of thiobarbituric acid production in
the third month
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Table 6 Comparison of TBA (%) values in encapsulated and non-encapsulated fish oil
g

TBA
Temperature 4 °C (ﬂ)
Hg
Time(month) 0 1 2 3
Treatment

2 0/03a 0/033a 0/068b 0/17b
5 0/04a 0/137b 0/29¢ 0/38d
11 0/03a 0/076b 0/14c 0/29d
(Lake of vitamin E)2 0/03a 0/06b 0/08c 0/19d
Oil with Vitamin E 0/04a 0/137b 0/3c 0/4d

Different small superscript letters in each row indicating significant difference among means
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Fig 7 Comparison of Thiobarbituric acid of nanocapsuls and non-encapsulated fish oil for 3 consecutive months
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Table 7 Estimated and predicted optimal values for independent variables and response levels in
optimal treatment

L’ b” Whiteness TEA; TEA, TBA; Desirability
predicted 8244 425 80.52 0067 015 03 79%
values
Real 8252 1234 7791 0076 0.14 029
values
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Study physio-chemical characteristics fish oil Nano-capsules and
vitamin E produced using a complex conservation technique
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One of the many ways that encapsulation is used is the complex conservation techniques. The purpose
of this study was to evaluate the effect of fish oil percentage (1%, 3% and 5%), total biopolymer
percent (1%, 3% and 5%) and homogenizer speed (7000, 9000 and 11000 rpm) on the
physicochemical and oxidative stability of produced powders. To this end, the response surface
method was used in the central composite design. Optimized emulsion obtained in gelatin and gum
coating (1: 1 ratio) contains (fish oil 1%, total biopolymer percent 1%, homogenizer speed 7000 rpm)
which and encapsulation efficiency is 97.97%, and in order to evaluate the oxidative stability of the
treatments, they were placed at 4 © C for 3 months. The results of the study showed that by increasing
the percentage of fish oil, the powder lighteness index L* and whiteness decreased and the

yellowness index b" increased. The results of the study the rate of oxidation showed that

thiobarbituric acid (TBA) amount were significantly lower in encapsulated samples than in control
samples also, in an encapsulated sample containing vitamin E, the amount of thiobarbituric acid in the
first month was significantly lower than the other periods in compared to with the control sample.

Keywords: Fish oil, Vitamin E, Physicochemical characteristics, Oxidative stability, Complex
Conservation.
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