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Table 1 GC-MS analysis indicating phytochemical compounds of Thymus daenensis essential oils

No Compound Concentration Retentign time
' (peak area %) (min)
1 2-Aminooxazole 0.0689 3.2528
2 Octane 0.8792 3.7792
3 Undecane 0.0352 5.9249
4 Nonane 0.2118 7.0293
5 a-Thujene 1.3333 8.1508
6 a-Pinene 0.8684 8.4083
7 Nitrous acid 0.0789 8.7916
8 Camphene 0.0837 9.0377
9 Nonane 0.1040 9.7815
10 Tetradecane 0.0680 9.9074
11 Nonane 0.1619 10.2107
12 S-pinene 0.1485 10.3366
13 1-Octen 0.1914 10.6513
14 3-Heptene 0.0994 10.7829
15 B-Myrcene 1.1800 11.1949
16 Decane 0.2224 11.6355
17 A-3-Carene 0.0715 11.9902
18 a-Terpinene 0.5295 12.3278
19 Benzene 159714 12.7913
20 S-phyllandrene 0.5984 12.9343
21 y-Terpinene 5.9209 144678
22 Linalool 2.1251 14.8226
23 Cyclohexen 0.1273 15.8983
24 Undecane 0.2523 16.5964
25 2-Isopropylfuran 0.0762 19.629
26 4-Terpineol 0.6741 20.2298
27 2-Cyclohexen 0.1031 23.663
28 Thymol 4.8386 25.5284
29 Carvacrol 61.5581 259347
30 trans-Caryophyllene 0.6834 31.1416
31 1,2-Benzenediol 0.3235 32.1659
32 Caryophyllene oxide 0.3173 37.7047
33 Tricyclo 0.0483 49.9669
Identification Components (%) 99.8466
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Table 2 particle size, PDI, zeta potential, encapsulation efficiency, and loading capacity for hydrogel

beads
Hydrogel beads ~ The average size PDI Zeta potential EE % LC %
no. of Particle (nm) (mv)
F1 3.95°+180 0.01°+ 0.25 0.8%+339 1.31°+93.12 04°+238
F2 2.80 %+ 167 0.02°+0.31 1.1°+387 270 °+90.29 0.54%*+1.15

Results are the average and standard deviations (SD) from three individual experiments
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Fig 5 FE-SEM images of alginate-hydrogel beads (F2)
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Table 3 Swelling ration of different hydrogel beads, and Td-Essential Oil released (%) in simulated fluids

Hydrogel Swelling ration of different hydrogel beads Td-Essential Oil released (%) in
beads simulated fluids
formulation pH=1.2 pH=3.5 Distilled water SGF SIF
Fl 0210°+1.574 0350°£2.120 0.440°£6.103 033 °+3.61 035%+8
F2 0.340°+1.32  0240°+1.780 0.320°£3.650  0.52°+7.79 0.56° <182
Reported values were measured in triplicate and correspond to the mean = SD
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Table 4 Antimicrobial activity of hydrogel beads

Zone of growth inhibition (mm)

Hydrogel beads formulation

S. aureus E. coli
blank Not Detected Not Detected
F1 1.12%+10 0.19°+6
F2 2.01° £18 1.80 %+ 11

Reported values were measured in triplicate and correspond to the mean = SD

Fig 7 The antibacterial activity of hydrogel beads
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Because of antioxidant, antimicrobial, and medical properties, bioactive
compounds extracted from plants have grown significantly in the development
and trade of functional foods containing food-medicine and dietary
supplements.However, the volatility, insolubility in the aqueous matrix, and
sensitivity to environmental conditions such as temperature, oxygen, and light
limite the use of essential oils. Therefore, this study was conducted to investigate
the encapsulation technique as a suitable method to protect the essential oil and
increase its efficiency. The main purpose of this study was to produce alginate
hydrogels containing Thymus daenensis essential oil (Td-EO) loaded with beta-
cyclodextrin. The structural properties and antimicrobial features of alginate
hydrogel beads incorporated with Td-EO active ingredients were evaluated. The
results of hydrogel analysis showed that the particle size and particle size
distribution were less than 180 nm and 0.31, respectively, and the encapsulation
efficiency of Td-EO for the hydrogel beads was about 90%. A maximum
swelling capacity of ~610.3 % was obtained for alginate beads. FESEM, showed
that the particle sizes were in the nanometer range and the particles were
homogeneous and spherical shapes. FTIR analysis indicated no significant
interaction between essential oil, beta-cyclodextrin and alginate, so alginate
hydrogel is a suitable material for encapsulating active compounds. Hydrogels
had an inhibitory effect on the growth of two strains of bacteria, S. aureus and E.
coli. The release of Td-EO from alginate beads in two short-term and long-term
periods were studied. The release rate of bioactive compounds can be reduced by
encapsulating in B-cyclodextrin and producing its alginate hydrogel, and thus can
be used as a suitable tool to control release in food and pharmaceutical systems.
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