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Effect of Aroma of Orange Essential Oil on 
Working Memory of Young Adults

Abstract
 Objective: To date, there is a lack of 

research concerning the potential effect 

of orange essential oil, a cheap essential 

oil commonly found and easy to approach, 

on working memory. Therefore, this study 

aimed to investigate the effect of the aroma 

of orange essential oil on working memory 

of healthy young adults.

 Methods: A single-blind, independent 

groups design was utilized. Thirty healthy 

young adults were randomly allocated to 

positive control aroma (lavender oil) or 

orange essential oil and subjected to the 

assigned aroma oil at a period of 5 min-

utes. The performances in individual tasks 

of working memory tests were assessed 

both prior to interventions and within 30 

minutes after interventions and expressed 

as changes from baseline.

 Results: The current results revealed 

that both lavender and orange essential 

oils improved the reaction time of numeric 

working memory. In addition, lavender oil 

also improved reaction time of picture rec-

ognition test whereas orange essential oil 
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improved reaction time of numeric working 

memory test.

 Conclusion: This study is the fi rst 

study to demonstrate that orange essen-

tial oil can improve the domain of memory 

speed of working memory. However, further 

researches concerning the possible underly-

ing mechanism are still required.

 Key words: Orange essential oil, 

aromatherapy, working memory

Introduction
 Aromatherapy has been long term 

used in complementary and alternative 

medicine for various medicinal purposes 

including chronic pain, depression, anxi-

ety, some cognitive disorders, insomnia 

and stress-related disorders. It is not used 

only for treatment but also for prevention 

against numerous disorders. The essential 

oils used in aromatherapy are consisting 

of 100% natural materials extracted from 

various parts of herbs. 

 Herbal derived aroma oils are volatile 

aromatic substances. When these sub-

stances are inhaled into the nose, they will 

stimulate the contacted sensory neurons 

which have specifi c odorant receptors onto 

which the odorant molecules bind resulting 

in the transduction and transmission of 

neuronal signals along the olfactory bulb to 

olfactory cortex which in turn sends direct 

anatomical link to amygdale-hippocampal 

complex which contributes the important 

role on emotion and memory1.

 In recent years, the topic of aromath-

erapy has drawn much attention. Several 

lines of evidence have reported that some 

essential oils such as lavender (Lavandula 

angustifolia or Lavandula offi cinalis)2,3, rose-

mary (Rosmarlnus offi cinalis)3 and lemon 

balm (Melissa officinalis)4. Though the 

mentioned essential oils provide benefi cial 

effects on cognitive function, they are not 

widely used due to the expensive cost. 

Therefore, the searching for other essential 

oils which are cheaper and easier to ap-

proach is still required.

 Essential oil of orange especially 

Citrus sinensis , a plant in a family of Ru-

taceae, is obtained from the compression 

of orange peel. Several lines of evidence 

have demonstrated the health benefi ts of 

orange essential oil including anxiolytic 

like effect5, pain relief effect6, anti-fungal, 

anti-afl atoxigenic and antioxidant activi-

ties7. Orange essential oil is also claimed to 

provide emotional balance. Since emotion 
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has been long known to enhance memory 

[8], the memory enhancing effect of orange 

essential oil is considered. To the best of 

our knowledge, no scientifi c evidence con-

cerning this issue is available. Therefore, 

this study aimed to determine the effect of 

orange essential oil, a cheap essential oil 

commonly found and easy to approach, on 

working memory in healthy young adults.

Materials&Method
 Design

 A single-blind, independent groups 

design was employed in this study. The 

independent variable was aroma condition. 

Lavender oil was used as positive control. 

The dependent variables were reaction 

time and percent accuracy of response from 

computerized battery test. Since this study 

is a pilot study, the total number of sample 

was 30 and they were randomly divided 

in to either lavender or orange oil treated 

groups.

 Participants and intervention

 Thirty female young adults took part 

in this study. All volunteers were gradu-

ate students at Khon Kaen University. All 

participants reported that they were non-

smokers, had no history of respiratory 

disorders or decrements in their sense of 

smell. The consent forms must be provided 

before the participation in this study. Par-

ticipants were randomly allocated to either 

lavender or orange oil treated groups. The 

individuals were excluded if they showed 

any of exclusion criteria including smoking, 

psychological disorder, contraception or 

herbal medication treatment. The partici-

pants were also requested to avoid using 

fragrant cosmetic and not drink coffee or 

tea on the day of experiment. Each subject 

was exposed to 25 μl of lavender or orange 

essential oil which has been dropped on 

colon wool for 5 minutes. Working memory 

was assessed using computerized battery 

test prior to intervention and within 30 min 

after intervention.

 Assessment of working memory

 The computerized assessment bat-

teries test used in this study had been 

modifi ed from the CDR computerized as-

sessment battery test used in hundred of 

European and North American drug trial 

and sensitive to acute cognitive impair-

ments as well as impairment with a wide 

variety of substances. Presentation was via 

notebook computer with high-resolution 

VGA color monitor and with the exception 
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of written word record tests, all response 

were recorded via two-button (yes/no) re-

sponse boxes. The entire selection of task 

took approximately 30 minutes. Tests were 

administered in the following order; 

 Word presentation: Fifteen words, 

matched for frequency and concreteness, 

were presented in sequence on the moni-

tor for the participant to remember. The 

stimulus duration was 1 s, as was the inter-

stimulus interval.

 Picture presentation:  A series of 20 

photographic images was presented on the 

monitor at the rate of 1 every 3 s, with a 

stimulus duration of 1 s, for the participant 

to remember. 

 Simple reaction time:  The partici-

pants were instructed to press the ‘yes’ re-

sponse button as quickly as possible every 

time the word ‘yes’ was presented on the 

monitor. Fifty stimuli were presented with 

an inter-stimulus interval that varied ran-

domly between 1 and 3.5 s. Reaction times 

were recorded in milliseconds. 

 Digit vigilance task:  A target digit 

was randomly selected and constantly dis-

played to the right of the monitor screen. 

A series of digits were presented in the 

center of the screen at the rate of 80/min 

and the participant  was requested to press 

the ‘yes’ button as quickly as possible 

every time the digit in the series matched 

the target digit. The task lasted 1 min and 

there were 15 stimulus-target matches. 

Task measurements were accuracy (%), 

reaction time (milliseconds) and number of 

false alarms.

 Choice reaction time: Either the 

word ‘no’ or the word ‘yes’ was presented 

on the monitor and the participant was re-

quested to press the corresponding button 

as quickly as possible. There were 50 trials, 

of which the stimulus word was chosen 

randomly with equal chance via a randomly 

varying inter-stimulus interval of between 1 

and 3.5 s. Reaction times (millisecond) and 

accuracy (%) were recorded. 

  Spatial working memory: A picto-

rial representation of a house was presented 

on the screen with four of its nine windows 

lit. The participants were instructed to 

memorize the position of the illuminated 

windows. In 36 subsequent presentations of 

the house, one of the windows was illumi-

nated and the participants decided whether 

this matched one of the lighted windows in 

the original presentation. The participants 

made their response by pressing the ‘yes’ or 
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‘no’ response button as quickly as possible. 

Mean reaction times were measured in mil-

liseconds and the accuracy of responses to 

both original and novel (distracter) stimuli 

were recorded as percentages that were 

used to derive a ‘percentage greater than 

chance performance’ score.

 Numeric working memory: Five 

digits were presented sequentially for the 

participant to hold in memory. This was 

followed by a series of 30 probe digits for 

each of which the participant decided 

whether it had been in the original series 

and pressed the ‘yes’ or ‘no’ response but-

ton as appropriate, as quickly as possible. 

This repeated two further times with differ-

ent stimuli and probe digits. Mean reaction 

times were measured in milliseconds and 

the accuracy of responses to both original 

and novel (distracter) stimuli were recorded 

as percentages that were used to derive a 

‘percentage greater than chance perform-

ance’ score.  

 Delayed word recognition:  The 

original words plus 15 distracters were pre-

sented one at a time in a randomized order. 

For each word, the participants indicated 

whether the word which recognized as 

being included in the original list of words 

by pressing the ‘yes’ or ‘no’ button as ap-

propriate and as quick as possible. Mean 

reaction times were measured in millisec-

onds and the accuracy of responses to both 

original and novel (distracter) stimuli were 

recorded as percentages that were used to 

derive a ‘percentage greater than chance 

performance’ score. 

Statistical analysis
 Statistical analysis will be operated 

using SPSS ® (v. 12.0 for Window®). Statis-

tical signifi cant of data will be performed 

using Wilcoxon signed ranks test. The 

statistical signifi cant level will be set at 

p-value <0.05. All data will be presented as 

z-score of changes from baseline (data prior 

to intervention).

Results
 The current data showed that sub-

jects who exposed to either lavender or 

orange essential oils showed signifi cant 

changes of reaction time in numeric work-

ing memory from baseline data (p-value<.05 

and .01 respectively; compared to baseline 

data).  In addition, subjects who consumed 

orange essential oil showed signifi cant re-

duction in reaction time of word recognition 
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test whereas subjects who exposed to lav-

ender oil showed the signifi cant decreased 

reaction time of picture recognition tests 

(p-value<.05 all; compared to baseline data)

as shown in table 1.

Table 1 Effect of aromas of lavender and orange essential oils on individual task outcome 

  from computerized battery test. (N=15/group)

Parameters Lavender oil Orange oil

Simple reaction (ms) z-score = -0.795

p-value= 0.427

z-score = -1.250

p-value= 0.211

Digit vigilance accuracy (%accuracy)

      

z-score = -0.365

p-value= 0.715

z-score = -0.707

p-value= 0.480

Digit vigilance reaction time (ms) z-score = -0.511

p-value= 0.609

z-score = -1.477

p-value= 0.140

Choice reaction Time1 (ms) z-score = -0.625

p-value= 0.532

z-score = -1,533

p-value= 0.125

Choice reaction  Time  accuracy z-score = -0.816

p-value= 0.414

z-score = -1

p-value= 0.317

Choice reaction Time 2 (time) z-score = -0.398

p-value= 0.691

z-score = -1.022

p-value= 0.307 

Choice reaction Time 2 accuracy z-score = -1.511

p-value= 0.131

z-score = -0.302

p-value= 0.763

Spatial memory reaction time (ms) z-score = -1.647

p-value= 0.100

z-score = -1.533

p-value= 0.125

Spatial memory accuracy 

(%accuracy)

z-score = -1.246

p-value= 0.213

z-score = -0.851

p-value= 0.395

Numeric working memory no limit 

Time (%accuracy)

z-score = -1.518

p-value= 0.129

z-score = -0.862

p-value= 0.389

Numeric working memory no limit

 Time (reaction time) (ms)

z-score = -2.556

p-value= 0.011*

z-score = -3.067

p-value= 0.002**

Numeric working  memory limit 

Time (Reaction time)

z-score = -0.909

p-value= 0.363

z-score = -0.852

p-value= 0.394
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Numeric working  memory limit 

Time (%accuracy)

z-score = -1.791

p-value= 0.073

z-score = 0.000

p-value= 1

Word recognition (%accuracy) z-score = -1.328

p-value= 0.184

z-score = -1.746

p-value= 0.081

Word recognition reaction time (ms) z-score = -1.760

p-value= 0.076

z-score = -2.101

p-value= 0.036*

Picture recognition (%accuracy) z-score = -1.902

p-value= 0.057

z-score = -0.721

p-value= 0.471

Picture recognition reaction time (ms) z-score = -1.988

p-value= 0.046*

z-score = -1.817

p-value= 0.069

*  p<0.05 and **p<0.01compared to baseline data

Discussion
 The present data have demonstrated 

that both lavender and orange essential 

oils improve the reaction time of numeric 

working memory. In addition, lavender oil 

also improved reaction time of picture rec-

ognition test whereas orange essential oil 

improved reaction time of numeric working 

memory test.

 Working memory is a key cognitive 

skill for reading comprehension and learn-

ing. It has been regarded as the system that 

actively holds multiple pieces of transitory 

information in the mind for execution of 

verbal and nonverbal tasks such as reason-

ing and comprehension and makes them 

available for further information-processing. 

It is under the infl uence of executive and at-

tention control of short-term memory, which 

permits interim integration, processing, dis-

posal, and retrieval of information. Based on 

this concept, most working memory assess-

ments focused on attention and memory 

domains. In this study, we also focused on 

the changes of four domains of working 

memory including quality of memory, speed 

or power of attention, continuity or accuracy 

of attention and speed of memory and as-

sessed them via the computerized battery 

test9-11. 

 Our data clearly demonstrated that 

both lavender and orange essential oils 

improved the speed of memory. It has been 

previously reported that working memory is 

disturbed by anxiety12. Since both lavender 

and orange essential oils could decrease 
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anxiety, it was possible that the memory 

enhancing effect of both essential oils ob-

served in this study might be associated 

with the anxiolytic effect5,13-14.  

 The possibility that the cognitive 

enhancing effects of the aromas of lavender 

and orange essential oils demonstrated in 

the current study could also be applied to 

enhance working memory during learning 

period.  However, further researches con-

cerning the precise underlying mechanism 

are required.
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