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4. Encapsulation Efficiency (EE)
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Table 1 Chemical compounds detected in Ziziphoria clinopodioides essential oils.

NO. RT % Components KI Type
1 11.00 0.15 a-Thujene 928 MH
2 11.38 1.34 a-Pinene 935 MH
3 12.27 0.29 Camphene 953 MH
4 13.71 1.40 B-Pinene 982 MH
5 14.28 030 Myrcene 993 MH
6 14.87 0.34 3-Octanol 1004 Other
7 16.27 2.05 para-Cymene 1032 MH
8 16.43 0.37 Limonene 1035 MH
9 16.63 8.01 Eucalyptol 1038 MO
10 17.96 0.61 v-Terpinene 1064 MH
11 18.68 0.86 p-Mentha-3,8-diene 1078 MH
12 23.19 345 tranc-Menthone 1168 MO
13 23.65 479 L- Menthone 1178 MO
14 23.85 1.39 neo-Menthol 1182 MO
15 24.05 0.95 Borneol 1186 MO
16 24.24 0.88 Isopulegone 1190 MO
17 2437 047 Terpinen-4-ol 1192 MO
18 2497 546 v-Terpineol 1205 MO
19 27.38 33.10 Pulegone 1255 MO

20 28.08 252 Piperitone 1270 MO

21 29.82 1.02 Thymol 1307 MO

22 30.24 10.60 Carvacrol 1317 MO

23 32.07 933 Piperitenone 1358 MO

24 38.72 021 B-Bisabolene 1515 SH
89.89 Total Identified

MH: Monoterpene Hydrocarbons, MO: Oxygenated Monoterpenes, SH: Sesquiterpene Hydrocarbons

THITITITHIn

C: D42 a3z me.

Fig 3 Spectrum of Ziziphoria clinopodioides essential oil with GC/MS.
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Table 2 Effect of different wall concentrations on physicochemical properties of emulsion.

Wall . Average
concentration Brix pH size (nm)
10 % ¢ 10.21 +0.01 b3.872+0.01 a881+2.1
20 % b20.30 +£0.02 a3.882+0.01 b651+2.1
30% 23044 +0.01 ¢3.893+0.01 c429+1.7
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Fig 4 Image of emulsion particle sizes.
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Table 3 Effect of different wall concentrations on physicochemical properties of microcapsules.

Wall H Moisture Average size
concentration P (%) (nm)

10 % c4.51+£0.03 a2.25+0.02 c670+19

20 % b4.59 +£0.01 b1.71 £0.01 b 878 +2.96

30 % a4.70 +0.01 c0.90 +0.01 a1590+6.35

Table 4 Effect of different wall concentrations on physicochemical properties of microcapsules.

Wall Total oil content Surface oil Oil retention (%) Encapsulation
concentration (%) (%) Efficiency (%)
10 % a7.205+0.003 2 0.196 +0.001 ¢31.00+0.023 c32.50+0.02
20 % b 5.586 +0.002 b 0.175 +0.001 b 48.03 +0.120 b 62.47+0.23
30 % c4.655+0.003 ¢ 0.018 +0.001 260.00+0.173 296.65 +0.36
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Table 5 Absorption and concentration of surface pulegone and internal polegone (mg/L).

Internal Pulegone

Internal Pulegone

Surface Pulegone Surface Pulegone

Repetition Concentration Absorption Concentration Absorption
1 73.714 (ppm) 2.184 2.0981 (ppm) 0.098
2 64.903 (ppm) 1.927 2.1862 (ppm) 0.101
3 52.362 (ppm) 1.562 2.1945 (ppm) 0.101
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Table 6 The Concentration of pulegone (internal, surface, total) and encapsulation efficiency.

Repetition Internal Pulegone Surface Pulegone Total Pulegone Encapsulation Efficiency
Concentration Concentration Concentration (Equation 7)
1 73.714 (ppm) 2.0981 (ppm) 75.8121 (ppm) 9723 %
2 64.903 (ppm) 2.1862 (ppm) 67.0892 (ppm) 96.74 %
3 52.362 (ppm) 2.1945 (ppm) 54.5565 (ppm) 95.97 %
Average 63.6596 (ppm) 2.1596 (ppm) 65.8192 (ppm) 96.65 %
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Table 7 Physicochemical properties of microcapsules with 30 % wall concentration.

Property Description
Core

Wall

Optimal wall concentration 30 % (wiw)
pH 4.7
Moisture content 0.9 %

Particle size

Total essential oil content 4.655 %
Surface essential oil 0.018 %

Oil retention 60 %
Encapsulation Efficiency o

(EE) 96.65 %

Zeta potential -22.7 (mV)
Polydispersity Index (PDI) 0.375
Indicator solubility Water soluble
Color powder Light yellow
Sediment No sediment

Ziziphoria clinopodioides Essential oil (2.5 % w/w)
Maltodextrin and Gum Arabic (ratio 1:1)

Less than 20 um
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Encapsulation is one of the most important methods to protect essential oils
from evaporation, degradation, and preservation of antimicrobial properties for
reducing the number of microorganisms in food. Based on GC/MS analysis,
Pulegone (33.10 %), Carvacrol (10.60 %), Piperitenone (9.33 %), Eucalyptol
(8.01 %), y-Terpineol (5.46 %), L- Menthone (4.79 %) were as the major
components of phytochemicals of Ziziphoria clinopodioides essential oil
(ZEO). Encapsulation of ZEO using maltodextrin and gum arabic in a ratio of
1:1 with different concentrations of 10 %, 20 % and 30 % (w/w) wall, and
concentration of 2.5 % (w/w) ZEO by spray drying method was done. Emulsion
characteristics were pH = 3.8, particle size = 429 nm, polydispersity index
PDI=0.681 and zeta potential = -25.8 mV. The results showed that the best
operating conditions for encapsulation of ZEO using maltodextrin and gum
arabic by spray drying method, is selection of concentration of 30 % (w/w) wall
with ratio of 1:1 and concentration of 2.5 % (w/w) ZEO. The final microcapsul
with pH = 4.7, moisture of = 0.9 %, particle size <20 um, total oil content 4.655
%, surface oil 0.018 %, oil retention 60 %, encapsulation efficiency 96.65 %,
zeta potential = -22.7 mV, polydispersity index (PDI) = 0.375 and water-soluble
property with light yellow color and without sediment was produced. Spray
drying method is a suitable method for encapsulation of ZEO. ZEO is insoluble
in water, but a water-soluble microcapsule can be produced with using this
method. Due to the antioxidant and antimicrobial properties of zeo, it can be
used as a natural and effective preservative in reducing pathogenic bacteria and
increasing the shelf life of food.
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