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Table 1 Design of experiments using response
surface methodology (RSM)
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5 30 20 0.1
6 70 20 0.1
7 30 20 0.4
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13 50 20 0.25
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15 50 20 0.25
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Table 2 The quadratic model for all responses with some parameters of analyses of variance (ANOVA)

Ethanol (70 %) Water
s z s z 5 z z z
Title z =] a | = AQ z a = =)
== £ 3z i E: Er i3 &=z
= < =~ =] = < = < =]
e <) < < e ) < <
Intercept 14.450" 362107 61.0107 502707  15.180° 26210 36360  71.540
X;-Extaction 2.340™ 3.720" 4260° 8900  1.150™  4.920™° 2480  7.840"
Temperature »
X,-Extraction Time 0.737 1.250 2.460 1.000 0.565 1.050 1.360 1.640
X-“'S“l'l‘;;;’ios"lvem -1.780" 1140 -22.900""  -7.460""  -0.149 0701 -26300™" -17.600""
XX, -1.290" 0.036 0/625 -1.320 -0.413 -0.728 -1.250" -0.713
X1.X; -1.000 -0.637 -3.320 3320 0.603 -1.180 -0.530 -6.900"
X,. X5 -1.690 -0.273 -0.084 0.122 -0.201 -0.091 -0.363 -0.891
X3 2.250" 2.530" -4.940 -2.290° -0.161 -1.780 0/57v -5.130"
X3 -0.132 0.018 -3.040 -2.350" -1.080° -2.190 1360 -1.010
X3 -0.146 0.558 14.820™ 1.440 0.296 22.060° 151407 -0.518
R? 0.942 0.916 0.984 0.989 0.911 0.959 1.000 0.988
Adjusted R? 0.838 0.764 0.954 0.969 0.751 0.884 0.999 0.967

p:¥¥<0.001.7"<0.01 .*<0.05
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Fig 1 The effect of extraction variables on total phenolic content (TPC) and total flavonoid content (TFC) of both

extracts
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Table 3 Antibacterial properties of aqueous and ethanol extracts
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One of the major challenges in application of medicinal plants is to
improve the extraction efficiency of bioactive materials. Therefore,
the study of factors affecting the extraction of these materials is one
of the important attractive subject for researchers. Lemon verbena
due to the presence of high active substances in its leaves and
nutritional properties has always been noticed by researchers of
medicinal and aromatic plants. In this study, the effect of solvent
type, extraction temperature, extraction time and solid to solvent on
the extraction efficiency of phenolic compounds, flavonoid
compounds and antioxidant activity of plant leaves under ultrasonic
waves was investigated based on designed experiments using
response surface methodology (RSM). Our result showed that the
extraction temperature and solid to solvent ratio are two effective
extraction variables on bioactive compounds extraction of lemon
verbena leaves under ultrasonic waves. Also our results showed that
aqueous- alcoholic extract has a higher efficiency for extraction of
phenolic and flavonoid compounds, and trapping free radicals when
compared with pure water. The antibacterial properties of aqueous-
alcoholic extract showed a significant difference compared to pure
aqueous extract. The susceptibility of Escherichia coli to both
aqueous-alcoholic extracts and aqueous extracts was higher than that
of Staphylococcus aureus.
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