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1. Central Composite Design
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2. Liquid Liquid Extraction
3. Solid Phase Extraction
4. Dispersive liquid-liquid microextraction
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Fig 1 A simple schematic of Dispersive liquid-
liquid microextraction

Time (min)
Fig 2 The chromatogram is the essential oil release
in yogurt
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Table 1 The Variables and Values Used for Increased Factorial Design

Codded factor
levels
Variable Low (-1) 0 High (+1)
F1: encapsule powder (gr) 0 0/75 L.5
F2: storage days (day) 1 11 21
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Table 2 List of experiments and responses based on CCd

A: Essential oil
Run storage time B: Encapsulgted Total Peak Area TOtal. Peak Release
Essential oil Height
(day) percentage

1 11 0/75 906903 177740 44/23
2 1 0/75 1679250 281706 6/004
3 11 0 1165490 194728 0

4 21 0/75 960944 182664 46/21
5 11 0/75 934371 187437 47/69
6 11 0/75 1070490 188321 40/07
7 21 0 1390310 370805 0

8 1 1/5 1296840 280821 27/41
9 11 0/75 1312020 203675 46/56
10 21 1/5 10051/3 212382 90/43
11 1 0 740486 168137 0

12 11 1/5 1049290 193358 41/26

A\%
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Table 3 Some Characteristics of the Constructed Models for Responses

Response R-Squared Adj R-Squared
Peak Area =1043037.10 -225878.45*A- 0.84 0.74
156684.11*B-484153.17*A*B : :
Peak Height =185776.33+5864.5*A-7851.5* 0.84 0.80
B -67776.75% A* B+53442.5%A*+15300.5*B>
Release = 32.49+17.20* A+26.51*
B+15.75*A*B 0.85 0.80

=81.8744139+1.706790489A-160.1043184B+0.3

6856404AB-0.068266262A *+75.011 B
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Table 4 Components of Melissa officinalis

Essential oil

% Components
0/21 1 —Octen — 3 —ol 1
0/08 6 —Methyl - 5 —hepten —2—one 2
0/76 Linalool 3
0/13 Nonanal 4
0/14 Comphor 5
0/24 Trans — chrysanthema 6
0/24 Citronellal 7
0/15 a- Thujone 8
0/57 Decanal 9
0/28 - Cyclocitral 10
0/31 Nerol 11
2/67 Z — Citral 12
0/35 Geraniol 13
3/8 Geraniol 14
0/07 2 — Methylnaphthalene 15
0/16 (E, E)—2.4 - Decadienal 16
0/09 a- Cubebene 17
1/19 a- Copaene 18
2/95 - Bourbonene 20
0/35 - Cubebene 21
6/02 Thymul 22
17/33 Caryophyllene 23
0/3 Geranyl aceton 24
2/22 a- Humulene 25

Eow "9@\5—*
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0.00 1.00

B: Capsul

Fig 3 3D response surface plots for Peak Area, A,

storage time; B, Capsule percent
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Fig 5 3D response surface plots for release rate, A,
storage time; B, Capsule percent
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An investigation about the release of microencapsulated Melissa
officinalis oil in the yogurt using DLLME/gas chromatography
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Today, Melissa essential oil has been drawn a lot of attention in food researches. This essential oil
has good antioxidant and antimicrobial activity, so it is a good candidate to incorporate in the
nutritional and biological systems. The aim of this study was to investigate the release of Melissa
essential oil (encapsulated via isolated proteins and sodium caseinate) in yoghurt by dispersive liquid-
liquid microextraction (DLLME) /gas chromatography technique. In this study, yogurt samples with
different percentages of essential oil (0, 0/75, 1/5 g/l) were prepared by sonication method. The effect
of two factors, including storage time (1, 11, 21 days) and the percentage of encapsulated essential oil
on the gas chromatography profile were studied based on the central composite design (CCD). 10
grams of yogurt samples containing various percentages of essential oil was centrifuged and the liquid
part was passed through a sterilization filter. The released essential in the yogurt was extracted (from
the liquid part) by DLLME method and was injected into the gas chromatography and its
chromatographic profile (total peak area and total peak height) was investigated. The results show that
there is a significant relationship between the total peak area and the amount of essential oil released
into the yogurt. By studying total peak area in chromatography, it is possible to estimate the amount of
essential oil released into the yogurt sample, and it is possible to study the rate of release.

Key words: Melissa essential oil, Encapsulation, Release, Dispersive liquid-liquid microextraction,
Gas chromatography
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