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2. Scanning Electron Microscope (SEM)
3. Sodium dodecyl sulphate
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Table 1. Estimation of coefficients and probabilities for the special cubic model for microencapsulation efficiency
and payload

8L oleil
Payload . Microencapsulation efﬁcien?y P
Jl| 22208l Jlez| A STIE Source
Probability Coefficient estimate Probability Coefficient estimate
<0.0001 <0.0001 Model Juke
58 SVl -A
<0.0001 -842.35 <0.0001 -6560.14 S Saalaie
B-lactoglobulin
<0.0001 -1232.73 <0.0001 -1807.93 Arabic Gum = e-B
<0.0001 76.81 <0.0001 10.16 Oil o5 C
D
<0.0001 68.97 <0.0001 87.30 '
Water
0.0009 3531.14 0.220 23073.51 AB
0.2004 1036.00 0.0008 8264.16 AC
0.3126 791.75 0.0023 7486.66 AD
0.1375 1377.62 0.388 1657.66 BC
0.2236 1088.56 0.439 1380.01 BD
0.0158 42.25 0.474 68.69 CD
- - 0.681 -8762.52 ABC
- - 0.584 -10604.07 ABD
- - 0.009 -3682.15 ACD
- - 0.051 1448.74 BCD

ol dde acsle (ols gma s Kl /) 51 2l P ldis 5 Jde slacsle (ols ome L /00 5l S Pl
p values less than 0.05 indicate that model terms are significant and p values greater than 0.1 indicate that model
terms are not significant.
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Table 2. Microencapsulation efficiency, payload and oil loading of different formulations
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drying(%) drying(%) Q10 Gum lactoglobulin

63.63 99.01 85.89 77 15 4 4 1
42.69 94.05 82.32 90 5 1 4 2
77.80 95.68 80.97 68.5 25 4 2.5 3
77.87 98.11 64.71 70 25 1 4 4
64.64 97.64 55.67 78.5 15 2.5 4 5
75.10 98.41 60.38 70 25 1 4 6
47.52 95.51 86.61 90 5 1 4 7
74.10 96.29 87.53 73.5 20 3.25 3.25 8
70.65 94.72 88.43 93 5 1 1 9
80.21 98.85 67.56 76.5 20 1.75 1.75 10
73.38 97.98 78.05 68.5 25 4 2.5 11
70.48 95.34 92.45 90 5 2.5 2.5 12
83.75 98.6 40.18 73 25 1 1 13
24.78 89.17 87.11 87 5 4 4 14
74.71 94.87 67.43 81.5 15 1 2.5 15
72.36 95.92 84.98 86.5 10 1.75 1.75 16
56.98 98.27 80.06 83.5 10 3.25 3.25 17
49.11 95.85 3491 80 15 4 1 18
66.15 98.52 86.12 93 5 1 1 19
58.11 95.01 40.01 30 15 4 1 20
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Figure 1. Counter plots showing the influence of biopolymers concentrations and oil amounts on microencapsulation
efficiency (%) (a) and payload (%) (b) in constant amount of water (77%): (B-lg: B-lactoglobulin, AG: Arabic Gum)
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Figure 2. Estimated counter plots showing influence of [B-lactoglobulin, Arabic gum and water on
microencapsulation efficiency (%) in different formulations containing 5 (a) and 20% of oil (b); (B-lg: B-

lactoglobulin, AG: Arabic gum).
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Figure 3. Effect of biopolymer:oil ratio on microencapsulation efficiency in constant amount of oil (25%)
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Figure 2. Estimated counter plots showing influence of B-lactoglobulin, Arabic gum and water on payload% in the
formulations containing 5 oil(a) 20% oil(b) (B-1g: B-lactoglobulin, AG: Arabic gum).
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Figure 5. Light microscopy and Scanning Electron Microscopy (SEM) photographs of microcapsules
with different core/wall ratio (a) 1:1 (b) 1.875:1.
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Abstract

Background and objectives: CoQ, is a lipophylic natural antioxidant with fundamental role in
mitochondria bioenergetics. The positive effect of CoQ;o in therapy of many diseases is
attributed to its antioxidant and bioenergetics properties. Reduction of endogenous synthesis of
CoQ, by the ageing, insufficient amount in the food and several health benefits of CoQ,( have
led to food fortification. The objective of this study was to microencapsulate CoQ;o by complex
coacervation method and determinate of optimum mixture component (B-lactoglobulin (B-1g),
Arabic Gum (AG), Oil containing CoQ;, and water) to achieve maximum value of
microencapsulation efficiency (ME) and payload. Due to temperature sensitive characteristic of
CoQo, Gelatin was replaced with B-lg and combination of B-Ig and AG were used to
microencapsulation of Oil containing CoQ .

Materials and methods: At first CoQ,, powder and olive oil were poured in opaque tube and
stirred in incubator shaker for 24h. Then solutions of B-Ig and GA were prepared at 1-4%
(w/w), by dispersing the required amount of them in deionized water and microcapsules were
formed by adding oil phase containing CoQ, to the -lg solution and preparation of emulsion,
adding the GA solution and adjusting pH to 4. After separation of microcapsules freeze dryer
was used to dehydration of them, and Morphology of CoQ;¢ microcapsules was examined using
a Scanning Electron Microscope (SEM) and an optical microscope. The particle size and the
particle size distribution of moist microcapsules were determined using a particle size analyzer.
In the next stage it was used from n-hexane to extracting oil and extracted oil was dissolved in
1,4-dioxane and analyzed by a high performance liquid chromatography (HPLC) system, and
microencapsulation efficiency was calculated for microcapsules before and after freeze drying.
At the end the effect of oven drying and defrost on microencapsulation efficiency was studied
for 5 formulations.

Results: ME values before drying for all formulations except one sample (containing: 4%p-1g,
4%AG, 5%0il and 87% water) were in the range of 94.05-99.01%. Variation in ME and
payload values after freeze drying was in the range of 34.91-92.45 and 24.78-83.75%,
respectively and sample containing 2.5% (w/w) B-lg and 2.5% (w/w) AG and 5 % (W/w) oil
obtained the highest ME value, an homogeneous particle size distribution and had a smooth and
free of pores surface.

Conclusion: Based on the results, formulation containing 2.5% (w/w) B-lg and AG and 5 %
(w/w) oil can be successfully used to microencapsulation of CoQ .

Keywords: Microeancapsulation, CoQ;o, Complex coacervation, Microencapsulation efficiency,
payload.
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