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Effects of Lavandula angustifolia aroma on electroencephalogram in male adults with good sleep

quality and poor sleep quality
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Abstract

This study investigated the effects of Lavandula angustifolia (L. angustifolia) aroma on the brain electrical
activity evaluated by an electroencephalogram (EEG) in the male adults since many researches were performed with
females and few with males. Sleep quality of 35 male adults were analyzed by Pittsburgh sleep quality index, and
they were divided into two groups of good sleep quality and poor sleep quality. EEG electrodes were attached at
the frontal (F3, F4), temporal (T3, T4), occipital (O1, O2), and parictal (P3, P4) regions according to the
International 10-20 system. EEG was measured for 3 min per each period of before, during, and after L.
angustifolia aromatherapy. Subjects with good sleep quality showed increases in the delta power at the parietal
region of both cerebral hemispheres and in the theta power at the temporal region of right hemisphere (p<0.05),
and a decrease in the alpha at the parietal region of both cerebral hemispheres (p<0.05). And subjects with poor
sleep quality showed increases in the delta power at the frontal region of left cerebral hemisphere and in the theta
power at the frontal region of both hemispheres (p<0.05). It is concluded that L. angustifolia aroma has effects on
decreasing an awakening status related-brain wave and increasing the sleep status related-brain waves in the male
adults with good sleep quality, and has also effects on increasing the sleep status related-brain waves in the male
adults with poor sleep quality.
Key words : EEG, Lavandula angustifolia, good sleep quality, poor sleep quality, male adult.
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Table 1. General characteristics of male subjects with good sleep quality and poor sleep quality

Group Age (yr) Height (cm) ‘Weight (kg) Body mass index (kg/m2)
EXP GSQ (n=11) 24.54+1.86 174.33+1.73 70.10+7.51 23.10+2.66
PSQ (n=28) 24.57+1.71 172.00+4.42 69.28+7.25 23.35+1.42
CON GSQ (n=10) 2430+2.16 173.00::4.92 68.40+9.84 22.77+2.48
PSQ (n=6) 23.00+1.09 173.50+3.14 72.66+13.50 24.25+5.35

All results are represented by mean+SD.

There is no significant difference between groups.
EXP: experimental group with aroma treatment
CON: control group without aroma treatment
GSQ: good sleep quality group

PSQ: poor sleep quality group

Table 2. EEG powers of the left cerebral hemisphere of the male adults with good sleep quality in control group

EEG wave Cranial region 0-3 min 3-6 min 6-9 min
Frontal 0.452+0.155 0.465+0.229 0.452+0.234
Temporal 0.527+0.191 0.558+0.180 0.513+0.163
Delta Occipital 0.379+0.161 0.401+0.258 0.385+0.211
Parietal 0.493+0.191 0.459+0.240 0.470+0.208
Frontal 0.176+0.065 0.185+0.063 0.185+0.059
Theta Temporal 0.13140.063 0.150+0.074 0.171£0.049
Occipital 0.128+0.047 0.137+0.091 0.166+0.089
Parietal 0.138+0.037 0.179+0.096 0.188+0.086
Frontal 0.200+0.109 0.153+0.119 0.156+0.131
Temporal 0.168+0.107 0.122+0.096 0.136+0.110
Alpha Occipital 0.348+0.175 0.293+0.248 0.275+0.235
Parietal 0.237+0.144 0.212+0.178 0.189+0.183
Frontal 0.110+0.090 0.119+0.102 0.129+0.099
Temporal 0.110+0.072 0.106+0.074 0.123+0.067
beta Occipital 0.102+0.068 0.120+0.107 0.128+0.105%**
Parietal 0.098+0.083 0.109+0.087 0.112+0.074

n=10 male subjects
All results are represented by meantSD

**% There is significant difference in same line (p<0.05) between the value of the during aroma treatment and the value after aroma treatment.



Table 3. EEG powers of the left cerebral hemisphere of the male adults with good sleep quality in experimental group

. . Before aroma treatment During aroma treatment After aroma treatment
EEG wave Cranial region (0-3 min) (3-6 min) (6-9 min)
Frontal 0.503+0.219 0.530+0.273 0.488+0.179
Temporal 0.488+0.239 0.449+0.175 0.431+0.208
Delta
Occipital 0.348+0.214 0.314+0.187 0.309+0.171
Parietal 0.321+0.164 0.388+0.195* 0.361+0.169
Frontal 0.174+0.111 0.197+0.217 0.166:+0.084
Temporal 0.119+0.057 0.145+0.054 0.143+0.051
Theta
Occipital 0.110+0.046 0.119+0.049 0.124+0.057
Parietal 0.159+0.059 0.142+0.051 0.161+0.063
Frontal 0.220+0.121 0.176+0.139 0.245+0.138***
Temporal 0.253+0.173 0.236+0.143 0.272+0.171
Alpha
Occipital 0.415+0.217 0.411+0.221 0.432+0.237
Parietal 0.384+0.172 0.317+£0.173* 0.347+0.178%**
Frontal 0.076+0.040 0.067+0.035 0.078+0.025
Temporal 0.092+0.053 0.104+0.057 0.104+0.047
Beta
Occipital 0.095+0.053 0.104+0.037 0.100+0.035
Parietal 0.106:+0.039 0.105+0.050 0.103+0.039

n=11 subjects
All results are represented by mean+SD.
*: There is significant difference in the same line between the values of before aroma treatment and during aroma treatment by a paired #-test
(p<0.05).
***: There is significant difference in the same line between the values of during aroma treatment and after aroma treatment a paired #test
(p<0.05).

Table 4. EEG powers of the right cerebral hemisphere of the male adults with good sleep quality in control group

EEG wave Cranial region 0-3 min 3-6 min 6-9 min
Frontal 0.429+0.090 0.478+0.214 0.440+0.208
Temporal 0.538+0.132 0.521+0.223 0.522+0.167
Delta
Occipital 0.388+0.182 0.406+0.252 0.389+0.174
Parietal 0.372+0.116 0.419+0.187 0.466+0.208
Frontal 0.174+0.057 0.176+0.077 0.187+0.050
Temporal 0.137+0.055 0.157+0.077 0.165+0.057
Theta
Occipital 0.119+0.062 0.132+0.090 0.169+0.080
Parietal 0.148+0.053 0.199+0.088 0.193+0.074
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Frontal 0.215+0.121 0.138+0.093 0.155+0.134
Alpha Temporal 0.154+0.076 0.138+0.106 0.140+0.116
Occipital 0.362+0.183 0.310+0.255 0.269+0.226
0.266+0.166 0.220+0.169 0.177+0.182
Frontal 0.116+0.078 0.129+0.092 0.136+0.084
Temporal 0.108+0.067 0.126+0.085 0.127+0.071
e Occipital 0.095+0.066 0.112+0.081 0.133+0.088**
Parietal 0.129+0.075 0.115+0.082 0.120+0.081

n=10 male subjects
All results are represented by meantSD
** :There is significant difference in same line (p<0.05) between the value of the before aroma treatment and the value after aroma treatment.

Table 5. EEG powers of the right cerebral hemisphere of the male adults with good sleep quality in experimental group

EEG Tl rmon Before aroma .tmatment During amma.tnsatment After aroma .treatment
wave (0-3 min) (3-6 min) (6-9 min)
Frontal 0.541+0.206 0.574+0.211 0.512+0.176
Temporal 0.540+0.222 0.494+0.158 0.461+0.155
pela Occipital 0.312+0.229 0.306+0.231 0.324+0.241
Parietal 0.328+0.181 0.378+0.186* 0.342+0.159
Frontal 0.147+0.086 0.137+0.084 0.155+0.077
Temporal 0.124+0.060 0.142+0.059 0.158+0.066**
theta Occipital 0.120+0.070 0.118+0.064 0.117+0.070
Parietal 0.157+0.060 0.149+0.053 0.161+0.058
Frontal 0.211+0.123 0.19340.122 0.232+0.128
Temporal 0.212+0.144 0.213+0.120 0.237+0.126
Alpha
Occipital 0.469+0.246 0.468+0.264 0.459+0.273
Parietal 0.382+0.181 0.330+0.171* 0.361+0.180%**
Frontal 0.074+0.035 0.069+0.036 0.077+0.024
Temporal 0.089+0.052 0.101+0.042 0.102+0.033
e Occipital 0.081+0.044 0.082+0.032 0.080+0.031
Parietal 0.103+0.041 0.105+0.048 0.106+0.036

n =11 subjects
All results are represented by mean+SD.
*: There is significant difference in the same line between the values of before aroma treatment and during aroma treatment by a paired #-test
(p<0.05).
**: There is significant difference in the same line between the values of before aroma treatment and after aroma treatment by a paired #test
(p<0.05).
***: There is significant difference in the same line between the values of during aroma treatment and after aroma treatment a paired #-test (p<0.05).
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Table 6. EEG powers of the left cerebral hemisphere of the male adults with poor sleep quality in control group

EEG wave Cranial region 0-3 min 3-6 min 6-9 min
Frontal 0.648+0.194 0.512+0.183* 0.472+0.265
Temporal 0.650+0.245 0.543+0.195 0.529+0.314
Delta
Occipital 0.551+0.267 0.367+0.230* 0.331+0.188
Parietal 0.628+0.220 0.533+0.256 0.365+0.258
Frontal 0.161+0.080 0.177+0.087 0.170+0.120
Temporal 0.124+0.092 0.171+0.115 0.122+0.097
Theta
Occipital 0.110+0.066 0.120+0.073 0.129+0.098
Parietal 0.143+0.070 0.205+0.167 0.165+0.160
Frontal 0.118+0.135 0.166+0.108* 0.107+0.072
Temporal 0.077+0.066 0.113+0.052 0.075+0.061
Alpha
Occipital 0.247+0.215 0.374+0.164 0.272+0.186**
Parietal 0.096+0.069 0.106+0.055 0.104+0.084
Frontal 0.049+0.043 0.103+0.049* 0.074+0.054
Temporal 0.090+0.102 0.106+0.067 0.078+0.075
Beta
Occipital 0.065+0.049 0.104+0.041* 0.089+0.055
Parietal 0.089+0.123 0.084+0.074 0.128+0.186

n=6 male subjects
All results are represented by meantSD
* : There is significant difference in same line (p<0.05) between the value of the before aroma treatment and the value during aroma treatment

** . There is significant difference in same line (p<0.05) between the value of the before aroma treatment and the value after aroma treatment.

Table 7. EEG powers of the left cerebral hemisphere of the male adults with poor sleep quality in experimental group

EEG wave @] et Before (:l-t;m::n :)eatment During (:l-t;n:n lt;eatment After ?;t-);nannfll;ament

Frontal 0.630+0.228 0.719+0.224 0.588+0.212%**
Temporal 0.447+0.234 0.531+0.294 0.400+0.125
Pelta Occipital 0.355+0.306 0.421+0.282 0.305+0.147
Parietal 0.433+0.207 0.492+0.219 0.348+0.071

Frontal 0.135+0.064 0.101+0.065 0.18240.105%**
Temporal 0.161+0.092 0.154+0.104 0.210+0.094
The Occipital 0.085+0.053 0.090+0.053 0.153+0.077
Parietal 0.143+0.060 0.158+0.072 0.226+0.085
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Frontal 0.142+0.119 0.105+0.106 0.111x0.077
Temporal 0.208+0.118 0.14440.095 0.167+0.084
Alpha
Occipital 0.399+0.239 0.338+0.181 0.360+0.195
Parietal 0.265+0.156 0.201+0.115 0.217+0.112
Frontal 0.065+0.049 0.055+0.048 0.080+0.042
Temporal 0.120+0.059 0.115+0.084 0.132+0.035
Beta Occipital 0.109+0.082 0.105+0.065 0.125+0.044
Parietal 0.110+0.046 0.105+0.054 0.138+0.045

n=238 subjects
All results are represented by mean+SD.
**%: There is significant difference in the same line between the values of during aroma treatment and after aroma treatment a paired #-test (p<0.05).

Table 8. EEG powers of the right cerebral hemisphere of the male adults with poor sleep quality in control group

EEG wave Cranial region 0-3 min 3-6 min 6-9 min
Frontal 0.635+0.212 0.554+0.137 0.471+0.225
Temporal 0.692+0.171 0.627+0.131 0.553+0.297
Delta
Occipital 0.5724+0.232 0.396+0.169* 0.362+0.169
Parietal 0.572+0.191 0.407+0.177 0.360+0.250
Frontal 0.11240.045 0.150+0.075 0.159+0.110
Temporal 0.109+0.059 0.129+0.082 0.105+0.089
Theta
Occipital 0.11740.062 0.138+0.086 0.136+0.097
Parietal 0.137+0.038 0.127+0.065 0.122+0.087
Frontal 0.15440.171 0.164+0.096 0.109+0.060
Temporal 0.092+0.096 0.070+0.050 0.247+0.215
Alpha
Occipital 0.216+0.176 0.333+0.118* 0.23440.146%**
Parietal 0.18140.178 0.212+0.122 0.146+0.111
Frontal 0.06440.048 0.090+0.044* 0.080+0.048
Temporal 0.065+0.049 0.081+0.039 0.073+0.057
Beta
Occipital 0.070+0.052 0.103+0.039* 0.091+0.056
Parietal 0.072+0.042 0.132+0.055 0.107+0.089

n=6 male subjects
All results are represented by meantSD

* @ There is significant difference in same line (p<0.05) between the value of the before aroma treatment and the value during aroma treatment.
*** . There is significant difference in same line (p<0.05) between the value of the during aroma treatment and the value after aroma treatment.
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Table 9. EEG powers of the right cerebral hemisphere of the male adults with poor sleep quality in experimental group

. . Before aroma treatment During aroma treatment After aroma treatment
EEG Cranial
wave reglon (0-3 min) (3-6 min) (6-9 min)
Frontal 0.612+0.273 0.717+0.223 0.561+£0.187%**
Temporal 0.492+0.231 0.610+0.235 0.462+0.154
Delta
Occipital 0.388+0.295 0.442+0.244 0.356+0.175
Parietal 0.411+0.217 0.445+0.239 0.332+0.107
Frontal 0.150+0.085 0.104+0.066 0.197+0.096%***
Temporal 0.142+0.069 0.122+0.077 0.174+0.081
Theta
Occipital 0.102+0.060 0.107+0.051 0.167+0.089
Parietal 0.158+0.075 0.163+0.077 0.232+0.077
Frontal 0.141+0.117 0.110£0.105 0.120+0.074
Temporal 0.196+0.110 0.129+0.095 0.142+0.070
Alpha
Occipital 0.384+0.223 0.303+0.144 0.307+0.162
Parietal 0.288+0.141 0.243+0.126 0.249+0.110
Frontal 0.075+0.078 0.052+0.048 0.084:£0.041%**
Temporal 0.113+0.064 0.091+0.057 0.129+0.039
Beta
Occipital 0.097+0.048 0.113+0.056 0.126+0.052
Parietal 0.108+0.043 0.112+0.056 0.134+0.034

n=8§ subjects
All results are represented by mean+SD.
*#*%: There is significant difference in the same line between the values of during aroma treatment and after aroma treatment a paired r-test (p<0.05).

Table 10. Results of multivariate analysis of variance

Aroma PSQI Aroma*PSQI
Cranial region EEG wave
SS F-value SS F-value SS F-value
Delta 0.016 0.180 0.518 3.817* 0.066 0.765
Theta 0.002 0.108 0.035 1.083 0.037 1.320
Frontal

Alpha 0.009 0311 0.148 3.377* 0.031 0.764

Beta 0.005 0.576 0.049 4.033* 0.008 1.799

Left Delta 0.008 0.084 0.384 2.838* 0.097 0.992
Theta 0.008 0.683 0.026 1.458 0.017 1.225

Temporal Alpha 0.009 0.292 0.356 7.748%* 0.026 0.823

Beta 0.001 0.108 0.012 0.861 0.003 0.406
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Delta 0.024 0.224 0.285 1.784 0.056 0.492
Theta 0.016 1.748 0.020 1.439 0.014 1.061
Occipital
Alpha 0.003 0.035 0.257 1.774 0.028 0.254
Beta 0.005 0.530 0.021 1.460 0.004 0.738
Delta 0.025 0.351 0.668 6.292%* 0.125 1.251
Theta 0.028 2.082 0.015 0.744 0.028 1.714
Parietal
Alpha 0.024 0.514 0.675 9.605%* 0.105 0.574
Beta 0.002 0.253 0.029 2.729* 0.006 0.983
Delta 0.057 0.749 0.455 4.000* 0.056 0.566
Theta 0.022 1.916 0.019 1.116 0.021 1.559
Frontal
Alpha 0.019 0.682 0.117 2.783* 0.030 0.687
Beta 0.005 0.633 0.060 5.609** 0.006 0.904
Delta 0.027 0.384 0.480 4.526** 0.104 1.168
Theta 0.009 0.946 0.032 2315 0.009 0.762
Temporal
Alpha 0.005 0.226 0.217 6.180** 0.029 0.971
Beta 0.004 0.651 0.031 3.085* 0.008 1.028
Right
Delta 0.010 0.097 0.422 2.642 0.047 0.388
Theta 0.015 1.338 0.008 0.480 0.017 1.134
Occipital
Alpha 0.020 0.202 0.609 4.046* 0.033 0.299
Beta 0.008 1.265 0.026 2.621 0.005 0.883
Delta 0.010 0.148 0.210 1.977 0.292 1.768
Theta 0.013 1.458 0.045 3.332% 0.027 1.993
Parietal
Alpha 0.031 0.587 0.450 5.649** 0.209 1.207
Beta 0.006 0.876 0.005 0.497 0.005 0.689
n=35

*: significant at p < 0.05, **: significant at p<0.01
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