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1. Marigold Flower (Tagetes erecta)

2. Free Radical Quencher

3. Single Oxygen

4. Macula

5. Age Related Macular Degeneration (AMD)
6. Pharmacological
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Table 1 Comparison of the extraction efficiency of different microemulsions under optimized SOR
(surfactant: lutein ratio)

Microemulsion type SOR (Yow/w) Lutein extraction yield (%)
Saponin 200:1 7.25+0.34°
Lecithin 200:1 5.15+0.23¢

Rhlamnolipid 1000:1 6.20+0.16"

Sucrose monopalmitate 200:1 8.11£0.09¢
Tween20 200:1 12.310.74°
Tween80 2000:1 13.22+0.60*

Span20 1000:1 10.20+0.43°

Sodium dodecyl sulfate 200:1 10.40+0.52°
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Table 2 Comparison of the effect of various co-surfactants on lutein extraction yield (%) of different
microemulsion (water 40 g, MPP 20 mg) under optimized SCR (surfactant: co-surfactant ratio)

Surfactant Co-surfactant (O/So gv?w) ];étlaa(cot/i(;g Ylelg)/:)l;gease
Lec 1-PrOH 2:1 25.36+0.76" 396
Sap 1-PrOH 122 33.00+0.43¢ 355
Rhl EtOH 2:1 26.50+0.82° 327
SMP 1-PrOH 1:5 25.5240.24°% 215
T20 1-PrOH 1:50 32.91£0.11° 167
T80 1-PrOH 2:1 39.41+0.40° 198
S20 1-PrOH 1:50 35.67+0.53° 250
SDS EtOH 122 29 5440.79¢ 184

Different small letters represent significant difference (p <0.05).
*Efficiencies were reported in comparison to acetone extraction (15.83 mg/g)
** Compared to results presented in Table 1
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Table 3 Physico-chemical characteristics of various co-surfactants used for microemulsions construction

Characteristic Co-surfactant
Ethanol  1-Propanol Propylene glycol Glycerol
Chemical formulas CzHGO C3Hgo C3H302 C3H303
Molar mass (g/mol) 46.07 60.09 76.10 92.02
Interface tension (mN/m) 22.0 20.9 45.6 76.2
Number of OH 1 1 2 3
Viscosity (cp at 25 °C) 1.07 1.95 40.40 934.00
Boiling point (°C) 78.0 97.0 188.2 290.0
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Fig 1 Effect of sonication time—amplitude on lutein
extraction efficiency of marigold petal powder based
on SMP: 1-PrOH (1:5) microemulsion
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In the present study, the ability of microemulsion technique (MET), as an environmentally friendly green
nano-technology and potential alternative technique for the organic solvent extraction methods on lutein
extraction from marigold petals, a major plant source containing 15.83mg/g (dry weight), was assessed.
For this purpose, the capability of eight surfactants (Saponin, Lecithin, Rhamnolipid, Sucrose
Monopalmitate, Span 20, Tween 20, Tween 80 and Sodium Dodecyl Sulfate) in combination with four co-
surfactants (Ethanol, 1-poropanol, Glycerol and Propylene Glycol) on extraction yield was investigated.
The experimental results showed without co-surfactants and over SOR range of 200:1 to 2000:1 the
extraction yield was 5.11-13.22% (in comparison with acetone). However, by using various co-
surfactants, the extraction efficiency was significantly (p< 0.05) increased. The highest yield was obtained
using Tween 80: 1-propanol at SCR of 2:1 (39.41%). The next set of this study attempted to investigate
pretreatment effects (i.e., ultrasonication) on enhancement of extraction efficiency. For this purpose, the
natural microemulsion composed of SMP:1-propanol (surfactant: co-surfactant ratio, SCR 1:5) was
exposed to sonication for various times (30, 60, 90 and 120 seconds) at different amplitudes (25, 50, 75
and 100%). The results showed that by rising the sonication time and amplitude, the extraction efficiency
was outstandingly (~200%) increased (e.g., from 25.52% to 71.19% when sonicated for 120 seconds at
max amplitude). These findings revealed the outstanding success of sonication pretreatment as well as
importance of type and precise composition of microemulsion ingredients (surfactant, co-surfactant, water
and oil phase ratios) on its extraction capability and yield.

Key words: Microemulsion, Lutein, Surfactant, Co-Surfactant, Ultrasound.
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