Microwave-assisted hydrodistillation of the insecticidal essential oil from Carlina acaulis: a Fractional Factorial Design optimization study
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Supplementary materials
[bookmark: _heading=h.gjdgxs]Section S1 Preliminary screening.
[bookmark: bookmark=id.30j0zll][bookmark: _heading=h.1fob9te]Section S1.1 Analysis of variance (ANOVA) output showing the effects of parameters affecting the Carlina acaulis essential oil extraction yield.
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[bookmark: _Hlk125376538]*Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds).[image: Table
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*Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds).
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Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds).


[bookmark: _heading=h.3znysh7]Section S1.2 Analysis of variance (ANOVA) output showing the effects of parameters affecting the concentration of carlina oxide.
[image: ]
*Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds).
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*Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds).[image: Text
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Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds).


[bookmark: _heading=h.2et92p0]Section S2 Effect of the extraction time.
Table S2. Parameters and results of extraction time study. Abbreviation for coded variables: MP (microwave power); ET (extraction time); W (percentage of water added to the seeds); Mo (moistening process); Mi (milling process); NA (not analysed).
	MP (W)
	ET (min)
	Water (g)
	Root (g)
	Mi
	Mo
	Cycles
	Yield (%)
	Carlina oxide (µg/mL)

	1000
1000
1000
1000
1000
1000
1000
1000
	90
90
210
210
270
270
330
330
	850
850
850
850
850
850
850
850
	150
150
150
150
150
150
150
150
	NA
NA
NA
NA
NA
NA
NA
NA
	NA
NA
NA
NA
NA
NA
NA
NA
	NA
NA
NA
NA
NA
NA
NA
NA
	0.26
0.24
0.55
0.74
0.64
0.73
0.72
0.73
	1.18E+06
9.32E+05
1.10E+06
8.88E+05
1.11E+06
1.01E+06
1.15E+06
1.00E+06






[bookmark: _heading=h.tyjcwt]Section S3 (a) Calibration curve for GC-MS carlina oxide quantification.
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[bookmark: _heading=h.3dy6vkm]Section S3 (b) GC-MS chromatogram of Carlina acaulis essential oil using undecane (as internal standard)
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Section S4 Effect of milling

[image: ]

Figure S4: Images of milled (1.5 mm size particles) (left panel) and coarsely shredded (right panel) samples. The image of milled sample was acquired with a microscope (MT9000, Meiji Techno Co. Ltd, JP) equipped with a 3-megapixel CMOS camera (Invenio 3S, DeltaPix, DK) and objective lens of 10X. The image of coarsely shredded sample was acquired with a mobile phone camera equipped with CMOS 13-megapixel (4208x3120) sensor. Images were processed and calibrated with image pro-plus software.
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image6.png
Analysis of Variance
Source” DF Adj SS AdjMS F-Value P-Value

Model 6 31191321689 5198553615 131 0,344
Linear 6 31191321689 5198553615 131 0,344
MP (w/qg) 1 11376445728 11376445728 286 0,125
ET (min) 1 5915077728 5915077728 149 0254
W (%) 1 1582289881 1582289881 040 0544
Moistening 1 3685859216 3685859216 093 0361
Milling 1 5725177470 5725177470 144 0261
Cycles 1 2906471666 2906471666 073 0415
Error 9 35786679737 3976297749

Total 15 66978001426
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Model Summary

S Resq Resqladj) Resg(pred)
630570 4657%  1095% 0,00%
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Coded Coefficients

Term’ Effect Coef SECoef T-Value P-Value VIF
Constant 846621 15764 53,70 0,000

MP (w/g) 53330 26665 15764 1,69 0125 1,00
ET (min) -38455 -19227 15764 -1,22 0254 1,00
W (%) 19889 9945 15764 0,63 0544 1,00
Moistening -30356 -15178 15764  -096 0,361 1,00
Milling 37832 18916 15764 1,20 0261 1,00
Cycles 26956 13478 15764 085 0415 1,00
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Regression Equation in Uncoded Units

Conc carlina oxide ppm = 674929 + 118512 MP (w/g) - 320 ET (min) + 994 W (%)
- 15178 Moistening + 18916 Millng + 13478 Cycles
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Residual Plots for Conc carlina oxide ppm
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image1.png
Analysis of Variance

Source™ DF___ AdjSS _ AdjMS F-Value P-Value
Model 6 0663500 0,110583 6,53 0,007
Linear 6 0663500 0,110583 6,53 0,007
MP (w/g) 1 0,000225 0,000225 0,01 0911
ET (min) 1 0,562500 0,562500 33,20 0,000
W (%) 1 0,022500 0,022500 133 0,279
Moistening 1 0,021025 0,021025 1,24 0,294
Milling 1 0002025 0,002025 012 0737
Cycles 1 0055225 0,055225 326 0104
Error 9 0,152475 0,016942
Total 15 0,815975
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Model Summary

s sq_Resqlad) R-sq(pred)
0130160 8131%  6886%  4094%
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Coded Coefficients

*

Term Effect Coef SECoef T-Value P-Value VIF
Constant 05212 00325 16,02 0,000

MP (w/g) -0,0075 -0,0037 0,0325 -0,12 0911 1,00
ET (min) 03750 0,1875 00325 5,76 0,000 1,00
W (%) 00750 00375 00325 1,15 0279 1,00
Moistening 00725 00362 0,325 1,11 0294 1,00
Milling 00225 00112 00325 035 0737 1,00
Cycles -0,1175 -0,0587 00325 -181 0,104 1,00
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Regression Equation in Uncoded Units

Yield (%) = -0.208 - 0017 MP (w/g) + 0,003125 ET (min) + 000375 W (%) + 0,0362 Moistening
+0,0112 Milling - 0,0587 Cycles




