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Abstract. Aromatherapy is gaining popularity as a method to regulate mood and relieve stress. This study 

aims to investigate how the smell of flowers and the interaction between sight and smell influence 

physiological indicators like blood pressure, pulse, heart rate variability, Galvanic skin signals, brain waves 

and Total Mood Disturbance (TMD) in stressed young individuals, and further explored the differences in 

the effects between the two groups, as well as on the main constituents of floral scent. Oriental Lily 

(Oriental hybrids) was used as the material for the olfactory, visual-olfactory interaction and no-olfactory-

control groups of perceptual experiments. Aroma composition and emission rate of Oriental lilies were 

analyzed by headspace solid-phase microextraction (GC-MS SPME) technique. The following results were 

obtained: 1) Both the olfactory and visual-olfactory interaction groups experienced reductions in blood 

pressure, pulse, electrodermal activity, beta-wave power spectral density, emotional disturbance scores and 

showed improved heart rate variability and a significant increase in brain alpha wave activity. 2) The VOIG 

group was more effective than the OG group in restoring physical and emotional well-being. 

3) Monoterpenes are identified as the primary aroma components of Oriental lilies, constituting 66.18% of 

the relative content of volatile components. 
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Introduction 

With the increasing trend of globalisation, the rapid growth of urban areas has led to a 

range of environmental issues. Both air pollution and noise have a detrimental impact on 

the physical and mental well-being of individuals (Giles-Corti et al., 2016; Münzel et al., 

2018; King, 2018; Manisalidis et al., 2020). Moreover, high-pressure environments can 

heighten the likelihood of mental health disorders (Stojanovich and Marisavljevich, 2008; 

Gong et al., 2012; Liu et al., 2017; Ohno, 2017). Young people, in particular, face 

additional stress from academic, professional, and social pressures, further increasing 

their risk of anxiety and depression (Mirón et al., 2019). Given these concerns, it is 

imperative to develop effective strategies for stress management and relaxation to 

safeguard the health of the youth population. 

Aromatherapy utilizes aroma to alleviate stress (Laohakangvalvit et al., 2023). 

Inhaling the aroma can induce feelings of relaxation, romance, reduced stress, and 

calmness (Dobetsberger and Buchbauer, 2011). It is commonly used in the treatment of 

tension, anxiety, and depressive symptoms in individuals experiencing mental stress 

(Sunhee Jung et al., 2006; Yun-Ah et al., 2018). The field of aromatherapy has seen an 

increase in research focusing on the impact of aromatic plant scents on the human body. 

Studies have demonstrated that these scents not only enhance brain function (Jo et al., 

2010, 2013; Kilonzi et al., 2019) and mood (Lei, 2011; Baik et al., 2018) but also have 
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the potential to lower blood pressure and promote feelings of comfort and relaxation 

(Yan-Ying et al., 2010; Igarashi et al., 2014; Kim et al., 2016; Song et al., 2016). 

Aromatherapy sources include fresh plants (Zhao et al., 2019), perfumes, and essential 

oils extracted from plants (Hongratanaworakit and Buchbauer, 2006; Hongratanaworakit, 

2009; Kritsidima et al., 2010). While much of the existing research has concentrated on 

the use of aromatic plant extracts for emotional well-being (Kikuchi et al., 1993; Song et 

al., 2019; Chandharakool et al., 2020; Song and Wu, 2022), there is a scarcity of studies 

examining the physiological and emotional health effects of fresh aromatic plants in 

indoor environments. Qualitative studies have explored the aroma components of 

aromatic sources (Kong et al., 2012; Zouaoui et al., 2020; Wang et al., 2024), with few. 

Indoor application of aromatherapy has been found to be more than outdoor application 

(Lu et al., 2023). This particular study focuses on the use of Oriental lily (Oriental 

hybrids), a common fresh cut flower, as an olfactory-perceived aroma source. 

Human recovery is rooted in nature, with sensory experiences serving as the 

foundation for human interaction with the environment. The theory of restorative 

environments is primarily built upon the attention restoration theory and stress reduction 

theory (Ulrich et al., 1991). The stress reduction theory (Kaplan, 1995). specifically 

highlights the stress-alleviating effects of exposure to nature. While most environmental 

information is acquired through visual and auditory senses, recent research has 

emphasized the role of olfaction in environmental perception. Olfactory stimuli not only 

enhance interactions (Min Ching et al., 2019; Nitidara et al., 2021) with the environment 

but also evoke memories that elicit emotional responses. Therefore, it is imperative to 

investigate the appropriate olfactory factors in aromatherapy. Studies on aromatic plants 

have varying focal points, and the mechanisms of visual and olfactory interactions are 

intricate (Zhao et al., 2018), with diverse research directions, measurement indices, and 

methodologies. For example, indicators such as blood pressure, pulse rate, EEG, and 

POMS scale were used in the indoor study of the effects of primula flowers scent on the 

human body (Jiang et al., 2021); and indicators such as skin conductivity were added in 

the study of the effects of osmanthus scent on the human body (Zhang et al., 2023). This 

experiment used a combination of these indicators to explore the physiological and 

emotional interactions between visual perception and olfactory perception, aiming to 

alleviate the negative emotions of the adolescent group (Fraigneau, 2019; Finnerty et al., 

2022), further enrich the study of aromatherapy, and advance our understanding of 

aromatherapy. Such research is crucial for unraveling the intrinsic mechanisms of 

environmental perception and human health. 

Human recovery is believed to be linked to contact with nature, as sensation plays a 

crucial role in how humans interact with their environment. Recent advancements in brain 

science and imaging technologies have sparked interest in exploring the connection 

between aromatherapy and its impact on brain activity. Studies have shown that 

emotional states such as happiness, sadness, and relaxation can be predicted using EEG 

devices (Vásquez et al., 2023). Research has also indicated that essential oils like 

stigmasterol oxide, eucalyptol, and linalool oxide can influence human mood and EEG 

readings (Chang et al., 2017). For example, exposure to lemongrass essential oil has been 

found to increase alpha-wave power and reduce beta-power in specific brain regions 

(Jahan et al., 2024), suggesting that aromas can modulate brain wave activity and promote 

relaxation. Investigating the physiological and emotional effects of plant fragrances on 

young individuals using EEG equipment holds practical significance. 
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In summary, the expected results of this paper are as follows: (1) Oriental lily scent 

has a restorative effect on human physiological and emotional recovery; (2) Visual-

olfactory interaction perception has a stronger restorative effect than olfactory Oriental 

lily alone; and (3) Oriental lily terpene constituents allow us to produce psychological 

and emotional recovery after olfactory. 

Experimental materials and methods 

Experimental materials and subjects 

The potted Oriental lilies used in this experiment were purchased in December 2023 

at the Changchun Qingyifang Flower Comprehensive Market, with an average plant 

height of about 40~50 cm. The flowers were positioned at a height equivalent to the 

subject's nose when seated and spaced 20 cm apart. A total of 60 undergraduate and 

postgraduate students from Jilin Agricultural University participated in the study, with a 

gender ratio of 1:1 to ensure subject diversity. Sample size calculations were conducted 

using GPower, with α = 0.05 and a power of 0.8 to determine the number of participants 

needed. Inclusion criteria for the subjects involved good health, no history of serious 

illnesses, absence of pollen allergies, adequate sleep the night before, avoidance of 

alcohol, coffee, and stimulating foods to avoid over-excitement of the brain which may 

affect the EEG results; as the GSR device needs to be clipped on the finger for monitoring, 

no manicure is allowed on the day of the experiment to ensure the accuracy of the HRV 

monitoring, and avoidance of strong-smelling perfumes or cosmetics to prevent 

interference with the sense of smell sensitivity. 

Experimental design 

Study on the effect of perceiving Oriental lily on human physical and mental health 

The 60 subjects in this experiment were first divided into two groups of men and 

women, and then these two groups were randomly divided into three groups of olfactory 

(OG), visual and olfactory interaction (VOIG) and control (CG), respectively, which 

ultimately ensured that there were 20 subjects in each of the three groups of olfactory 

(OG), visual and olfactory interaction (VOIG) and control (CG), with the ratio of men to 

women being 1:1, the average age of the subjects was 21.38±1.89 (Table 1).The 

experiment spanned 9 days, with the CG group on days 1-3, OG group on days 4-6, and 

VOIG group on days 7-9. All groups started the experiment at the same time each day. 

The study adhered to the ethical principles of the Declaration of Helsinki and was 

approved by the Ethics Committee of Jilin Agricultural University (approval number 

recorded in the Academic Committee documents). 

 
Table 1. Basic demographic information on subjects 

Time 

(day) 
Experimental group Number of subjects 

Basic demographic information 

Age Sex ratio 

1-3 control (CG) 20 18-25 1:1 

4-6 olfactory (OG) 20 18-25 1:1 

7-9 
visual and olfactory 

interaction (VOIG) 
20 18-25 1:1 
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The experiment consisted of three phases: before the experiment, experiment, and after 

the experiment, with a detailed flow shown in Figure 1. Each participant signed an 

informed consent form in Room 1, where the experimental assistant explained the 

procedure. Participants were then completing calculations for math problems within 

3 minutes, followed by measuring their blood pressure and pulse and filling out the 

POMS scale as pre-test data. Moving into Room 2, participants began the experiment by 

adjusting and wearing the apparatus. The OG group closed their eyes and sniffed Oriental 

lilies for 10 minutes, the VOIG group viewed and sniffed the lilies, and the CG group 

observed a white wall with their eyes open. Prior to the start of the experiments in the OG 

and VOIG groups, it was ensured that 8-10 of the two pots of Oriental lilies were in the 

process of opening and were placed in Room 2 an hour in advance to allow the fragrance 

to fill the room. Throughout the experiment, real-time data on galvanic skin signals 

(GSR), heart rate variability index (HRV), and EEG (α-wave, β-wave PSD) were 

recorded. EEG data were closely monitored during specific time intervals for accurate 

recording. After the experiment, all equipment was removed, and participants remained 

seated in Room 2 to prevent any influence on measurement results while completing post-

POMS forms and final measurements. 

 

Figure 1. Experimental process diagram 

 

 

Aromatic composition and emission rate BVOCs of volatiles from Oriental lily flowers 

The volatile components and Biogenic volatile organic compounds (BVOCs) of 

Oriental lily flowers were determined by headspace solid-phase microextraction (GC-MS 

SPME). A blooming lily of the valley flower was cut from the test material and weighed 

11.37 g. It was placed into a 2-L Teflon FEP membrane gas sampling bag for in situ 

sampling of BVOC emissions, and a blank sample was collected as background value for 

a period of 30 min, after which all the sampling bags were recovered. Subsequently, the 

SPME fibre was inserted into the sampling bag and exposed to volatiles for 40 min to 

ensure adequate adsorption of volatiles. Subsequently, the extraction needle was moved 

to GC-MS for resolution (GC working conditions: chromatographic column: DB-624MS 

(60m×0.32 mm×1.8 um); programmed temperature increase: 40°C for 3 min, increase to 



Bu et al.: The physiological and emotional restorative effects of oriental hybrids on stressed youth: An interactive smell and sight 

study 
- 1835 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):1831-1852. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2302_18311852 

© 2025, ALÖKI Kft., Budapest, Hungary 

250°C at 6°C /min, hold for 3 min, and then increase to 270°C, hold for 5 min. MS 

working conditions: ionisation mode, EI; electron energy 70 eV (scanning range: 29~350 

amu; interface temperature: 250°C; ion source temperature: 230°C; quadrupole 

temperature: 150°C). On the basis of the NIST08 spectral library search, the qualitative 

analysis was carried out by combining the literature and the nature of the volatile 

compounds themselves, and the relative content of each volatile was calculated by the 

peak area normalisation method. Meanwhile, quantitative analysis was carried out by 

internal standard method to determine BVOCs. 50 µl of decyl acetate and 20 ml of ether 

were selected for the standard to be dissolved, and then 10 µl of the drop was taken and 

dried by natural evaporation on a glass slice, which was put into a glass vial, and the 

extraction needle was inserted and adsorbed for one hour. 

The emission rate BVOCs was calculated according to the following formula: 

E = M / (m*t). Where E (ng-g-¹-h-¹) is the emission rate BVOCs, M (ng) is the measured 

BVOC concentration, m (g) is the dry weight of the flowers in the sampling bag and t (h) 

is the sampling time. 

Measurement of data 

Measurement of physiological indicators 

Physiological indicators including blood pressure, pulse rate, heart rate variability 

index, skin conductance level signals, EEG α-wave and β-wave, and EEG emotional 

efficacy indexes (Engagement, Excitement, Stress, Relaxation, Interest, and Focus) were 

chosen for this study (Wu et al., 2023). Previous research has shown that emotions can 

impact blood pressure and pulse rate (Schwartz et al., 1981; Deng and Deng, 2018), with 

stress leading to an increase and relaxation leading to a decrease (Zanstra and Johnston, 

2011; Hassan et al., 2018). A Fisheye upper arm sphygmomanometer was used to 

measure blood pressure and pulse rate. The heart rate variability index reflects changes 

in heart rate cycle (Robin et al., 1998; Tugade and Fredrickson, 2004), with lower indices 

indicating a more stable state. HRV heart rate ear clip monitoring was used for 

experimental manipulation. Skin electrical signal intensity is linked to tension levels, with 

GSR sensors placed on the index and middle fingers to capture this signal. 

External stimuli like vision and smell (Cheng and Lin) can alter human EEG patterns 

(Ulrich, 1979; Krbot Skorić et al., 2015; Sowndhararajan et al., 2015; Zhu et al., 2021). 

Alpha waves (8-13 Hz) are associated with mental coordination, calmness, and alertness 

(Başar, 2012; Kim et al., 2013), while beta waves (13-30 Hz) are linked to alertness 

(Chang and Chen, 2005), problem-solving, decision-making, and focused mental 

activities (Neuper and Pfurtscheller, 2001). Beta wave activity increases during high 

alertness and decreases during relaxation (Lee et al., 2014; Alarcão and Fonseca, 2019). 

As a result, alpha and beta waves were chosen for this research study. EEG signals were 

recorded using the EMOTIV EPOC-X device created by Emotiv System, a US 

neurotechnology company. This device has 14 sensor electrodes and utilizes non-invasive 

EEG technology to reliably capture each EEG band and six emotional efficacy metrics 

(as depicted in Figure 1). 

Measurement of psychological indicators 

The short-form State of Mind Scale (Profile of Mood States) was selected for 

measuring emotional indicators. This questionnaire consists of 40 adjectives rated on a 0-

4 scale, representing different emotional factors: tension (T), anger (A), fatigue (F), 
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depression (D), vigor (V), confusion (C), and self-esteem (S). Total Mood Disturbance 

(TMD) is calculated as T + A + F + D + C - V - S + 100, where higher TMD values 

indicate a more negative and irritable mood (Zhu Beili, 1995). 

Statistical analyses 

GSR and HRV were continuously monitored for 10 minutes in real time. The EEG 

data was extracted from the raw EDF format file using EMOTIV PRO, with the stress 

data selected from 0-60 seconds and the recovery values from the 540th to 600th second. 

Pre-processing was carried out using MATLAB (version 2021b). Firstly, electrode 

position localisation was conducted to eliminate irrelevant electrode data, then the 

sampling rate was lowered, the re-reference was set to average reference, the filtering was 

set to high-pass filtering (0.5Hz) and concave filtering (48-52Hz), filtering in addition to 

filtering out the low-frequency interferences and IF interferences, next the data was 

browsed, artefact rejection was performed, the default options were kept to run the ICA, 

and then the attributes of the individual independent components were observed, and the 

independent components were removed again in relation to the artefact-related 

independent components and correct for errors due to eye movements and EMG. 

Following the completion of preprocessing, changes in brainwave activity before and 

after the experiment were analyzed using power spectrum analysis. EEG mood data in 

CSV format was imported into Excel through EMOTIV PRO for statistical analysis. GSR, 

heart rate, and HRV index data were collected using the Arduino platform and exported 

to a txt format. All data were analysed using IBM SPSS 26.0, with hypothesis tests to 

determine whether the pre- and post-differences in the measures conformed to a normal 

distribution, and then analysed by paired t-tests, with p < 0.05 indicating significant 

differences. Cohen's d was calculated to determine the difference between the means of 

the two groups, with the formula d = (M1-M2)/ SD, where M1 and M2 represent the 

means of the two groups, and SD is the standard deviation. Absolute values were used for 

calculations, with Cohen's d values falling within the range of 0.2 to 0.5 considered small 

effects, 0.5 to 0.8 considered medium effects, and values above 0.8 considered large 

effects. A higher Cohen's d value indicates a greater difference between the two groups. 

All graphs were generated using Origin Pro 2021. 

Analysis of experimental results 

Analysis of the results of the effect of Oriental lilies on human physiological indicators 

Blood pressure (BP) and pulse rate (P) 

The changes in blood pressure (BP) and pulse (P) before and after a 10-minute 

perception in the OG, VOIG, and CG groups are illustrated in Figure 2. In the OG group, 

participants experienced highly significant decreases in diastolic blood pressure (DBP) 

(p < 0.001, d = 0.869), as well as significant decreases in systolic blood pressure (SBP) 

(p < 0.01, d = 0.869) and pulse (P) (p = 0.01, d = 0.519). Similarly, the VOIG group 

exhibited highly significant decreases in SBP (p < 0.001, d = 0.989), DBP (p < 0.001, 

d = 1.197), and P (p < 0.001, d = 1.456). On the other hand, the CG group displayed a 

decreasing trend in SBP (p > 0.05), DBP (p > 0.05), and P (p > 0.05) before and after the 

experiment, but no significant changes were observed. These findings suggest that both 

sniffing lilies and visual and olfactory interaction perception of lilies can effectively 
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reduce BP and P. Additionally, sniffing may have a more pronounced effect on reducing 

SBP and P compared to visual and olfactory interaction perception. 

 

Figure 2. Changes in blood pressure and pulse in the three groups before and after the 

experiment. (a) Change in systolic blood pressure; (b) Changes in diastolic blood pressure; (c) 

Changes in pulse rate (OG: Olfactory Group; VOIG: Visual-olfactory Interaction Group; CG: 

Control Group; *** p < 0.001. ** p < 0.01. * p < 0.05) 

 

 

Heart rate variability index (HRV) 

The changes in HRV indices of the three groups before and after 10 minutes are 

presented in Figure 3. Participants in the OG group showed a significant decrease in HRV 

indices (p < 0.05, d = 0.621), while participants in the VOIG group displayed a highly 

significant decrease in HRV indices (p < 0.01, d = 0.820), indicating a trend towards 

increased calmness. There were no statistically significant differences observed (p > 0.05) 

among the groups. 

 

Figure 3. Changes in heart rate variability index between the three groups before and after the 

experiment (OG: Olfactory Group; VOIG: Visual-olfactory Interaction Group; CG: Control 

Group; *** p < 0.001. ** p < 0.01, * p < 0.05) 

 

 

Galvanic skin signals (GSR) 

The results depicted in Figure 4 show varying intensities of galvanic skin signals in 

the sniffing groups under different conditions after 10 minutes of activity. In the CG 

group, there was no significant change observed (p > 0.05) between the before and after 
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measurements. However, in the OG group (p < 0.001, d = 1.436) and the VOIG group 

(p < 0.001, d = 1.581), a notable decrease in galvanic skin signal strength was noted. This 

decrease implies a gradual relaxation in participants' state in both the OG and VOIG 

groups, highlighting the restorative effects of sniffing lilies and engaging in visual and 

olfactory interactions to perceive lilies. 

 

Figure 4. Changes in galvanic skin signals in the three groups before and after the in the three 

groups before and after the experiment (OG: Olfactory Group; VOIG: Visual-olfactory 

Interaction Group; CG :Control Group ;*** p < 0.001. ** p < 0.01. * p < 0.05) 

 

 

EEG alpha and beta wave power spectral densities (PSD) and indicators of emotional 

efficacy 

Subjects' alterations in α-wave and β-wave Power Spectral Density (PSD) pre and post 

10 minutes under varying experimental conditions are illustrated in Figure 5. 

Comparative analysis with the Control Group (CG) reveals significant enhancements in 

α-wave PSD and reductions in β-wave PSD for the Olfactory Group (OG) and Visual 

Olfactory Interaction Group (VOIG). Notably, α-wave PSD elevation was highly 

pronounced in both the OG group (p = 0.01, d = 0.625) and the VOIG group (p = 0.001, 

d = 0.890). 

 

Figure 5. Power spectral density of alpha and beta wave before and after exposure. (a) Change 

in alpha wave psd; (b) Changes in beta wave psd (OG: Olfactory Group; VOIG: Visual-

olfactory Interaction Group; CG: Control Group; *** p < 0.001. ** p < 0.01. * p < 0.05) 
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Conversely, significant decreases in β-wave PSD were observed in the OG group (p < 

0.05, d = 0.469) and highly significant reductions were noted in the VOIG group (p < 

0.001, d = 1.254). These findings suggest a gradual transition to calmer brain states among 

participants in the two groups, with visual and olfactory stimuli playing a more effective 

role in lily perception. (Figure 6 depicts changes in brain topography pre and post 

experiment for select participants). 

 

Figure 6. Brain topography of the changes in alpha and beta wave energies before and after the 

experiment (OG: Olfactory Group; VOIG: Visual-olfactory Interaction Group; CG: Control 

Group) 

 

 

The differences in the mean values of 10-minute EEG emotional efficacy indexes 

between the three groups before and after the experiment are illustrated in Figure 7. 

Notably, there were no significant changes in any of the six emotional parameters in the 

CG group. Analyzing the results of the EEG emotional efficacy indexes revealed that the 

VOIG group exhibited significant differences compared to the OG group in various 

aspects. Specifically, the VOIG group showed significant improvements in 'Engagement' 

(OG p < 0.05, d = 0.861; VOIG p < 0.001, d = 1.527), 'Relaxation' (OG p < 0.05, 

d = 0.573; VOIG p < 0.001, d = 1.527), 'Interest' (OG p > 0.05; VOIG p < 0.01, d = 0.661), 

'Focus' (OG p < 0.05, d = 0.598; VOIG p < 0.01, d = 0.759), 'Excitement' (OG p < 0.01, 

d = 0.704; VOIG p < 0.01, d = 0.709), and 'Stress' (OG p < 0.01, d = 0.709). These 

findings suggest that the VOIG group experienced overall enhancement in emotional 

efficacy compared to the OG group. Similar trends were observed in ' Excitement ' and 

'Stress' levels between the two groups. 
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Figure 7. Six emotional parameter values of Group OG, Group VOIG and Group CG. (a) 

Change in Engagement; (b) Changes in Excitement; (c) Change in Stress; (d) Changes in 

Relaxation; (e) Change in Interest; (f) Changes in Focus (OG: Olfactory Group; VOIG: Visual-

olfactory Interaction Group; CG: Control Group; *** p < 0.001. ** p < 0.01. * p < 0.05) 

 

 

Analysis of the results of the effect of Oriental lilies on human physiological indicators 

The t-test results for the seven emotional factors of the Profile of Mood States (POMS) 

in the OG group indicated a significant reduction in scores for tension (p < 0.05, 

d = 0.632), fatigue (p < 0.01, d = 0.789), depression (p < 0.05, d = 0.588), and confusion 

(p < 0.001, d = 1.920) post-experiment, with a significant increase in ener (p < 0.05, 

d = 0.582). However, scores for anger (p > 0.05) and self-esteem (p > 0.05) did not show 

significant changes. Similarly, participants in the VOIG group exhibited significant 

decreases in tension (p < 0.001, d = 1.952), fatigue (p < 0.001, d = 1.447), depression 

(p < 0.05, d = 0.605), and confusion (p < 0.001, d = 1.95) scores after the experiment, 

along with a significant increase in vigor scores (p < 0.001, d = 1.370). However, anger 

(p > 0.05) and self-esteem (p > 0.05) scores did not change significantly. In contrast, 

scores in the CG group remained unchanged before and after the experiment. 
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The changes in TMD values of the three groups before and after the experiment are 

depicted in Figure 8(k). Significant decreases in TMD scores were observed in the OG 

group (p < 0.001, d = 1.237) and the VOIG group (p < 0.001, d = 1.751). Conversely, 

there was no significant change in the CG group's pre- and post-experiment TMD scores 

(p > 0.05). Overall, exposure to sniffing lilies and engaging in visual and olfactory 

interactive perception of lilies exhibited restorative properties on moods related to 

tension, fatigue, depression, and confusion, effectively restoring participants' vigor levels. 

However, these interventions did not show significant restorative effects on moods 

associated with anger and self-esteem. Notably, both visual and olfactory co-stimulation 

induced relaxation of moods, and the combination of these stimuli demonstrated an 

additive effect with improved restorative outcomes. 

 

   
(a) (b) (c) 

  
(d) (e) 

   
(f) (g) (k) 

Figure 8. The change of emotional factors before and after exposure. (a) Change in tension; (b) 

Changes in anger; (c) Change in fatigue; (d) Changes in depression; (e) Change in confusion; 

(f) Changes in vigor; (g) Change in self-esteem; (k) Changes in TMD (OG: Olfactory Group; 

VOIG: Visual-olfactory Interaction Group; CG: Control Group; *** p < 0.001. ** p < 0.01. * 

p < 0.05) 
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Analysis of aroma components and BVOCs results of Oriental lily flowers 

The volatiles of Oriental lily were analyzed using GC-MS SPME, resulting in the 

identification of 12 species with a match of ≥90% (Table 2). Among the identified 

compounds, linalool had the highest relative mass fraction at 41.62%, followed by esters 

(29.20%), alkenes (23.64%), phenols (3.98%), and aldehydes (0.46%). The retention 

times of peaks for each component can be observed in Figure 9 of the particle flow 

diagram. Terpenoids, particularly monoterpene (C10) and sesquiterpene (C15), are the 

major classes of plant floral volatiles and play a significant role in floral aroma. 

Monoterpenes, specifically linalool, constitute the main aroma components of Oriental 

lilies, accounting for 66.17% of the total share. The volatile emission rates from one hour 

of quantitative extraction analysis, excluding the standard decyl acetate, are depicted in 

Figure 10. Linalool exhibited the highest emission rate at 45.758ng and 4.024ng g-¹h-¹, 

followed by Methyl benzoate at 16.362ng and 1.439ng g-¹h-¹, respectively. Other 

compounds such as β-Ocimene, Ethyl benzoate, Myrcene, trans-β-Ocimene, 2-Methoxy-

5-methylphenol, Benzyl benzoate, para-Menthatriene, 2,4,6-Octatriene, Benzaldehyde, 

and trans-Isoeugenol also showed varying emission rates. 

 
Table 2. Analysis of the chromatogram of Oriental lily using GC-MS techniques 

No. Type Compound 
Match 

Quality 

Molcular 

Formula 

CAS 

Number 

Retention 

Time 

Relative 

Content

（%） 

Emission Rate 

(ng g-1h-1) 

1 Alcohols Linalool 97.98 C10H15O 78-70-6 12.746 41.62 4.024 

2 Alkenes β-Ocimene 97.91 C10H16 13877-91-3 10.817 19.89 0.620 

3 Alkenes Myrcene 94.44 C10H16 123-35-3 6.224 1.41 0.462 

4 Alkenes trans-β-Ocimene 98.04 C10H16 3779-61-1 13.962 1.21 0.381 

5 Alkenes 
para-

Menthatriene 
95.40 C10H14 18368-95-1 8.051 0.66 0.028 

6 Alkenes 2,4,6-Octatriene 92.82 C10H16 57396-75-5 4.697 0.47 0.026 

7 Aldehyde Benzaldehyde 95.14 C10H16 100-52-7 18.584 0.46 0.023 

8 Esters Methyl benzoate 95.62 C8H8O2 93-58-3 11.227 25.44 1.439 

9 Esters Benzyl benzoate 95.95 C14H12O2 120-51-4 14.600 2.34 0.051 

10 Esters Ethyl benzoate 98.65 C9H10O2 93-89-0 10.127 1.42 0.477 

11 Phenols 
2-Methoxy-5-

methylphenol 
97.67 C8H10O2 1195-09-1 9.136 3.06 0.366 

12 Phenols trans-Isoeugenol 95.83 C10H12O2 5932-68-3 22.267 0.92 0.022 

 

 

Figure 9. Analysis of the chromatogram of Oriental lily using GC-MS techniques 
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Figure 10. Emission rate of each component 

 

 

Discussion 

Sniffing Oriental lilies helps to relieve the stress state 

Compared to the CG group, both the OG and VOIG groups exhibited a significant 

decrease in SBP, DBP, and P indexes, as well as a reduction in HRV and GSR. 

Additionally, there was an increase in α-wave PSD and a decrease in β-wave PSD, 

indicating a gradual relaxation of the brain in response to the fragrance of Oriental lilies. 

The EEG emotional efficacy index parameters 'engagement' and 'relaxation' showed 

increased values, similar to previous research on the psychological effects of Japanese 

cypress leaf essential oil (Song et al., 2019). Moreover, 'Excitement', 'Stress', and 

'Concentration' levels decreased, leading to restored directed attention and reduced 

fatigue among the subjects, aligning with findings on the aroma of Plum Blossom (Wang 

et al., 2024). Notably, the VOIG group demonstrated superior physiological recovery 

(Hedblom et al.) compared to the OG group, with improvements in DBP, P, HRV indices, 

and EEG β-wave PSD. Visual stimulation was found to enhance overall recovery, 

consistent with previous studies on the psychophysiological recovery of coriander plants 

that highlighted the benefits of multisensory stimulation (Li et al., 2024). 

Inhalation of rose oil has been demonstrated to alleviate menopausal stress and anxiety 

(Miljkovic et al., 2024). Essential oils such as lavender (Lavandula Angustifolia) 

(Lavandula stoechas), peppermint (Mentha Piperita), and chamomile (Matricaria recutita) 

are recognized for their stress and anxiety-reducing properties (Ebrahimi et al., 2022; 

Rudyana et al., 2023). A study utilizing refrigerated oil blends of lavender (Lavandula 

officinalis), Roman chamomile (Chamomile roman), and neroli (Citrus aurantium) 

showed a decrease in blood pressure among patients undergoing percutaneous coronary 

intervention in the intensive care unit (Cho et al., 2013). Sniffing Oriental lilies has been 

found to alleviate stress and anxiety symptoms in specific populations, similar to the 

effects of inhaling essential oils in aromatherapy. 
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Sniffing Oriental lilies is beneficial in increasing positive emotions 

The study found that the scores for tension (T), fatigue (F), depression (D), and 

confusion (C) were significantly reduced in the OG and VOIG groups compared to the 

CG group. Additionally, the score for vigor (V) increased significantly, while the TMD 

value decreased significantly. This indicates that exposure to the Oriental lily aroma led 

to improved positive mood and reduced depression, the research hypothesis was 

supported, which aligns with previous research on odour landscapes of grass, cinnamon, 

moonflower, and pine needles (Guo, 2022). The significant decreases in the POMS 

tension (T) and confusion (C) factor scores were consistent with the changes in blood 

pressure, pulse, and HRV data, while the decreases in fatigue (F) scores and increases in 

energy (V) were consistent with the changes in the EEG data, suggesting that the 

physiological and psychological results corroborate each other. Notably, the OG group 

showed a stronger reduction in confusion (C) compared to the VOIG group, suggesting 

that olfactory perception may be more calming when eyes are closed. Both the OG and 

VOIG groups demonstrated similar effects on anger (A) and self-esteem (S) without 

significant changes. However, the VOIG group showed better recovery in mood 

indicators related to tension (T), fatigue (F), and vigor (V) than the OG group, possibly 

due to the influence of plant color on mood regulation (Michels et al., 2022). 

Effects of volatile components and emission rates of Oriental lily of the valley on 

human beings 

The main aroma components represented by linalool are monoterpenes, known for 

their sweet and refreshing aroma (Kong et al., 2012). Linalool has been reported to have 

anxiolytic, anticonvulsant, and antidepressant effects, aiding in tranquillizing the mind, 

improving sleep, and calming the mood. Additionally, it can also impact the 

neuroendocrine system (Dos Santos et al., 2018). Among other components with higher 

emissions and emission rates, β-rolerene exhibits antibacterial and antimanic activity 

(Sousa et al., 2023), while lauric acid is known for its anxiolytic, antioxidant, antiaging, 

anti-inflammatory, and analgesic properties (Surendran et al., 2021). Based on this, we 

propose that inhaling these beneficial volatile constituents not only improves physical 

well-being but also has psychological effects that resonate with the observed results. 

Limitations of the study 

The study has several limitations. Firstly, it did not specifically investigate which 

visual factors influence the recovery effect. Secondly, the research was carried out with 

college students; future studies could include participants of varied ages, cultures, and 

health conditions. Lastly, the concentration of flower scents was not regulated, and the 

study was conducted under constant temperature conditions; different types of lilies have 

varying volatile compositions, and the rates of volatilization were time-dependent. 

Therefore, future research could explore the impacts of different varieties of lily flowers, 

natural aroma volatile concentrations, thermal olfactory interactions, and olfaction at 

different times of the day on the recovery effect. 

Conclusion 

The health of indoor environments is currently a prominent research focus, particularly 

regarding the potential health benefits of using aromatic plants for horticultural therapy 
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and aromatherapy. In this study, in order to investigate the effects of the natural aroma of 

Oriental lilies on human physiology and psychology, the following main conclusions 

were obtained by using Oriental lily flowers as olfactory materials, conducting olfactory, 

visual and olfactory interaction and controlled perception experiments, and at the same 

time analysing the aroma components and emission rates of Oriental lily flowers: Firstly, 

it was found that Oriental lilies have a restorative impact on various human physiological 

and psychological parameters including blood pressure, pulse rate, heart rate variability, 

brain activity, and mood. Secondly, the perception of Oriental lilies through both visual 

and olfactory senses exhibited a more positive restorative effect when compared between 

experimental and control groups. Lastly, the study identified specific components of 

Oriental lily volatiles, such as linalool, β-borylene, and lauricene, with higher emission 

rates that may significantly contribute to the observed restorative effects on physical and 

mental health. The results of the study were consistent with the hypothesis. 

The research can be applied to different scenarios, such as placing aromatic plants in 

classrooms, libraries, laboratories, etc. in schools to help students relax and improve their 

learning efficiency; placing aromatic plants in offices, meeting rooms, etc. in workplaces 

to help employees soothe their moods and alleviate their stress; and using aromatic plants 

in hospital wards, waiting areas, etc. in healthcare settings to improve the moods of 

patients and improve the effectiveness of treatments. The use of aromatic plants in wards 

and waiting areas in healthcare facilities can improve patients' moods and enhance 

treatment effects. Meanwhile, relevant policies have been formulated, such as 

encouraging the planting and placing of aromatic plants in public places; incorporating 

aromatherapy into the construction of the public health system, carrying out mental health 

education, popularising the knowledge of aromatherapy, and promoting its application in 

the prevention of diseases, rehabilitation, and so on. In the future, the methods used in 

this study can be used to explore the effects of other indoor aromatic plants on physical 

and mental health. 
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APPENDIX 

Table 1. Changes in blood pressure and pulse in the three groups before and after the 

experiment 

OG Before After P d 

SBP 121.800±6.486 116.300±4.256 0.002 0.825 

DBP 74.600±6.715 67.9±7.376 0.001 0.869 

P 81.45±6.370 76.250±4.575 0.01 0.519 

 

VOIG Before After P d 

SBP 120.650±8.634 116.250±8.045 0.000 0.989 

DBP 73.25±5.665 66.7±6.097 0.00 1.197 

P 83.20±9.440 75.8±5.890 0.000 1.456 

 

CG Berore After P d 

SBP 122.316±6.421 121.736±6.419 0.731  

DBP 79.684±6.156 78.947±9.922 0.777  

P 90.158±10.262 89.158±9.996 0.574  

 

 

Table 2. Changes in heart rate variability index between the three groups before and after the 

experiment 

OG Before After P d 

HRV 4.574±0.977 4.211±1.157 0.012 0.621 

 

VOIG Before After P d 

HRV 4.575±0.991 4.096±1.218 0.002 0.820 

 

CG Before After P d 

HRV 4.718±1.040 4.632±1.114 0.289  
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Table 3. Changes in galvanic skin signals in the three groups before and after the in the three 

groups before and after the experiment 

OG Before After P d 

GSR 71.495±12.221 48.946±13.148 0.00 1.436 

 

VOIG Before After P d 

GSR 71.258±7.728 53.875±8.144 0.00 1.581018 

 

CG Before After P d 

GSR 77.730±5.770 75.775±5.913 0.202  

 

 

Table 4. Power spectral density of alpha and beta wave before and after exposure 

OG Before After P d 

α-wave PSD 0.2082±0.007 0.2115±0.0079 0.01 0.625 

β-wave PSD 0.0595±0.00083 0.0592±0.00086 0.029 0.469 

 

VOIG Before After P d 

α-wave PSD 0.2056±0.004 0.2112±0.0053 0.001 0.890 

β-wave PSD 0.0606±0.00088 0.0596±0.00056 0 1.254 

 

CG Before After P d 

α-wave PSD 0.2082±0.007 0.2115±0.0079 0.01 0.625 

β-wave PSD 0.0595±0.00083 0.0592±0.00086 0.029 0.469 

 

 

Table 5. Six emotional parameter values of Group OG, Group VOIG and Group CG 

OG Before After P d 

Engagement 0.434±0.165 0.589±0.157 0.026 0.861 

Excitement 0.492±0.118 0.392±0.154 0.005 0.704 

Stress 0.478±0.146 0.412±0.115 0.046 0.479 

Relaxation 0.369±0.144 0.452±0.140 0.018 0.573 

Interest 0.354±0.237 0.399±0.162 0.367  

Focus 0.462±0.164 0.358±0.098 0.015 0.598 

 

VOIG Before After P d 

Engagement 0.447±0.187 0.744±0.079 0 1.527 

Excitement 0.490±0.185 0.357±0.156 0.005 0.709 

Stress 0.575±0.117 0.508±0.991 0.011 0.626 

Relaxation 0.430±0.156 0.506±0.117 0.009 0.644 

Interest 0.407±0.209 0.538±0.158 0.008 0.661 

Focus 0.515±0.183 0.344±0.178 0.003 0.759 

 

CG Before After P d 

Engagement 0.404±0.161 0.424±0.204 0.701  

Excitement 0.404±0.186 0.372±0.149 0.572  

Stress 0.483±0.145 0.467±0.139 0.678  

Relaxation 0.329±0.137 0.366±0.173 0.358  

Interest 0.355±0.156 0.372±0.163 0.681  

Focus 0.371±0.168 0.359±0.164 0.797  
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Table 6. The change of emotional factors before and after exposure 

OG Before After P d 

Tension 5.000±3.244 3.05±1.905 0.011 0.632 

Anger 2.7±4.52 0.6±0.995 0.052  

Fatigue 5.9±3.726 3.55±2.139 0.002 0.789 

Depression 2.55±2.481 1.3±1.380 0.016 0.588 

Confusion 4.05±1.905 1.450±1.538 0.000 1.920 

Vigor 6.350±3.870 8.75±4.518 0.017 0.582 

Self-esteem 4.600±2.542 5.25±2.531 0.137  

TMD 104.250±11.755 90.550±7.287 0.000 1.237 

 

VOIG Before After P d 

Tension 3.9500±2.460 1.05±1.5 0.000 1.952 

Anger 0.65±0.933 0.45±0.686 0.104  

Fatigue 6.4500±3.734 3.050±2.625 0.000 1.447 

Depression 1.950±1.986 1.150±1.424 0.014 0.605 

Confusion 5.000±3.309 1.450±1.959 0.000 1.95 

Vigor 8.750±2.149 12.05±3.069 0.000 1.37 

Self-esteem 5.85±2.23 6.750±2.425 0.092  

TMD 99.450±9.517 87.30±6.967 0.000 1.751 

 

CG Before After P d 

Tension 3.55±3.561 3.050±2.395 0.320  

Anger 0.900±1.832 0.850±2.033 0.804  

Fatigue 4.500±3.154 3.800±2.067 0.239  

Depression 2.850±3.048 2.750±2.381 0.766  

Confusion 3.400±3.033 3.300±2.598 0.839  

Vigor 8.250±5.379 6.850±4.120 0.143  

Self-esteem 5.650±3.801 4.750±2.918 0.387  

TMD 99.700±15.328 99.150±10.419 0.476  

 

 

 


