
Food Sci Nutr. 2021;9:1851–1859.     |  1851www.foodscience-nutrition.com

1  | INTRODUC TION

According to a survey on industrial safety and health in 2018, 
Japan, approximately 60% of the total workers are faced with 
work- related stress (Ministry of Health, Labor and Welfare, 2019). 
Although a certain level of stress is said to be beneficial for human, 
continuous long- term chronic stress adversely affects organisms 
(Kirby et al., 2013; Leblanc & Vicki, 2009; Schneiderman et al., 
2005; Schwabe et al., 2012; Yaribeygi et al., 2017). Stress responses 
can be categorized into three— physical response, psychological 

response, and behavioral response, which might occur concur-
rently. Examples of stress responses include sleeplessness, tired-
ness, drug dependence, anorexia, and hyperphagia (Etsuo, 2007). 
In serious cases, chronic stress may lead to life- threatening dis-
eases such as clinical depression (Constance, 2004). Biologically, 
when a human experiences “stress,” various changes appear in 
the body. The levels of cortisol, a steroid hormone, are said to 
be the biomarker of stress (Atsuo & Kazuhiro, 2004; Coni et al., 
2000; Menendez et al., 2005; Perona et al. 2004; Schwingshackl 
& Hoffmann, 2014; Tuck & Hayball, 2002). An increase in cortisol 
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Abstract
In this paper, we evaluated the effects of olive oil on human's stress level. In re-
cent years, mental stress from harsh working environment have been causing serious 
problems to human health, both mentally and physically. Symptoms of stress may 
include feelings of worthlessness, agitation, anxiety, lethargy, insomnia, and behavio-
ral changes. Additionally, the harsh working environments may cause the workers to 
adopt unhealthy dietary habits, contributing to the health issue. On the other hand, 
olive oil has been known to provide stress- relieving effects both by ingestion and by 
inhaling the scent. Here, we examined the effects of extravirgin olive oil ingestion for 
mitigating stress from deskwork. Three best- selling extravirgin olive oil in Japan were 
tested, and typing task was selected to emulate deskwork situation. Near- infrared 
spectroscopy (NIRS) is utilized in this study to visualize the response in brain via cer-
ebral blood flow analysis and to measure participants’ stress level. Statistical analysis 
showed that the stress levels were lower during the olive oil ingestion experiment 
compared to no- oil experiment, even when measured one hour after the ingestion.

K E Y W O R D S

brain, cerebral blood flow, olive oil, stress, typing task

http://www.foodscience-nutrition.com
mailto:
https://orcid.org/0000-0001-5575-8589
https://orcid.org/0000-0001-9934-4708
http://creativecommons.org/licenses/by/4.0/
mailto:mitsukura@keio.jp


1852  |     MITSUKURA eT Al.

secretion acts on the immune system, nervous system, and met-
abolic system, leading to stress reactions such as a decrease in 
immune function and an increase in heart rate and blood glucose 
level (Toshihiro et al., 2008). Although salivary cortisol level mea-
surement is the golden standard of objective stress level measure-
ment, analysis using heart rate variability features, standardized 
questionnaires, and physiological signals have been proposed 
(Cohen et al., 1983; Crosswell & Lockwood, 2020; Dickerson and 
Kemeny, 2004; Kim et al., 2018; Nagasawa et al., 2020; Rey et al., 
2014; Solomon et al., 1987). One of the physiological signals for 
measuring stress level was functional near- infrared spectroscopy 
(fNIRS). It is one of neuroimaging techniques which works by ir-
radiating the subject with light in the near- infrared region and 
examines the change in absorbance of light. It is known that he-
moglobin scatters light, and the ratio of infrared light absorbed to 
that scattered changes depending on the degree of hemoglobin 
binding with oxygen. NIRS measures this rate of change and the 
change in oxygenated hemoglobin concentration. As described 
in conventional researches (Kaga & Kato, 2019; Yoshikazu et al., 
2008), fNIRS has been proven as a reliable instrument for qualita-
tive stress level measurement. However, the physiological aspects 
of the stress response are still largely unknown.

Previous studies on cortisol secretion have shown that lipid in-
take may suppress the secretion of the hormone (Lee et al., 2015; 
McEwen, 2008; Ranabir & Reetu, 2011; Toshihiro et al., 2008), and 
one of the lipid groups that is said to be particularly beneficial to 
human health were olive oils (Atsuo & Kazuhiro, 2004; Coni et al., 
2000; Menendez et al., 2005; Menendez et al., 2005; Schwingshackl 
& Hoffmann, 2014; Tuck & Hayball, 2002). Although it has been 
confirmed that olive oil helps to reduce human stress response, the 
degree of stress mitigation and the reason of olive oil's effectiveness 
on reducing stress is still not well defined. Additionally, it is also un-
confirmed whether all types of olive oils are beneficial or only cer-
tain types of olive oils are useful for stress relief. Thus, in this paper, 
we focused on the effects of olive oil ingestion against mental stress 
induced by typing task, which measurements were conducted multi-
ple times— directly after ingestion, one hour after ingestion, and two 
hours after ingestion.

2  | MATERIAL S AND METHODS

2.1 | Subject demographics

This research was approved by Keio University Bioethics Committee 
with approval no. 31– 66. Originally, 20 healthy university students 
voluntarily participated in this study, but only 17 of them performed 

the complete experimental procedures (14 males, 3 females). Written 
informed consent was obtained from the study participants, includ-
ing consent to participate and to publish the findings. The subject 
demographics is available on Table 1.

2.2 | Experimental procedure

The experimental flow is shown on Figure 1, and the photograph of 
the experimental procedure is shown on Figure 2. The experiment 
begins with the typing task and NIRS recording session. Then, the 
participant is instructed to consume the bread with olive oil. Second 
typing task and NIRS recording begins at 10 min after ingestion 
(m + 10). Third and fourth tasks start at 60 min after ingestion and 
120 min after ingestion, respectively. Four experiments were per-
formed, differing in the consumption contents: Bread- only as con-
trol, bread + olive oil A, bread + olive oil B, and bread + olive oil 
C. 15 g of olive oil (approx. 1 tbsp) was ingested by the participant 
during each experiment.

For each experiment, the cerebral blood flow recordings were 
during typing tasks, and such tasks occurred four times: 10 min be-
fore oil ingestion, 10 min after oil ingestion, 60 min after oil inges-
tion, and 120 min after oil ingestion. The length of typing task is 
10 min, and a new research paper is supplied for each session. If the 
participant completed their assigned task before the time limit, they 
were instructed to continue the typing task using the next paper. 
During task session, NIRS signal is recorded.

2.3 | Materials

Consumption: Bite- sized white bread and extravirgin olive oils from 
three different brands were utilized in this study. The three brands 
were selected from the best- selling olive oil in Japan, labeled as 
“Olive oil A,” “Olive oil B,” and “Olive oil C.”

Measurement: FOIRE- 3000 from SHIMADZU Co. for NIRS mea-
surement. The probes for NIRS were placed in the frontal area of the 
head (channel 1– 22) and occipital area (channel 23– 44), at a sam-
pling frequency of 7.7 Hz, as shown in Figures 2 and 3. In Figure 3, 
emitters and detectors are marked by red and blue circles, respec-
tively. Channel 15 and 17 were set to the subjects’ Fp2 and Fp1 lo-
cation, respectively, and channel 37 and 39 were set to O1 and O2, 
respectively, according to the international 10– 20 system as shown 
in Figure 4.

Task: A typical typing exercise program “C- Type” (Sawa, 2002) 
was utilized for the typing task. Twelve English research papers from 
publisher Nature were selected as the contents of the typing task 

TA B L E  1   Experimental conditions. Condition 1 is the control, where the subjects did not ingest any olive oil. On conditions 2, 3, and 4, 
the subjects ingested 15 g of olive oil along with bread

Condition 1 2 3 4

Intake material Bread Bread + Oil A Bread + Oil B Bread + Oil C
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(Ben et al., 2019; Sanne et al., 2019; Stephen et al., 2019; Corentin 
et al., 2019; Philippe et al., 2019; Chris et al., 2019; Elisabeth 
et al., 2019; Feldmann et al., 2019; Jonathan et al., 2019; Oleg 
et al., 2019; Hare et al., 2019; Milan et al., 2019). The order of the 
typing task content was not randomized and is similar for all subjects.

2.4 | Analysis

To evaluate the effects of fats and oils on stress responses, we ana-
lyzed the data acquired by measuring cerebral blood flow. In cer-
ebral blood flow measurement, three types of density data can be 
acquired: oxyhemoglobin, deoxyhemoglobin, and total hemoglobin. 
Total hemoglobin is the sum of oxy-  and deoxyhemoglobin. Herein, 
the data of oxyhemoglobin were selected for analysis because the 
changes are the most prominent on oxyhemoglobin. The procedure 
of our research analysis is as follows:

Step 1: Filtering.
Step 2: Extracting functional component.
Step 3: Standardization.
Step 4: Baseline correction.
Step 5: Calculating integrated values.
First, to remove noise, a low- pass filter with a cutoff frequency 

of 1 Hz was applied. The data contain a functional component based 
on cerebral function and systemic component based on changing 
posture. Thus, we extracted the functional component using the 
method of separation into functional and systemic components de-
veloped by the National Institute of Advanced Industrial Science and 
Technology (AIST) in Japan (Toru et al., 2012). The principle of the 
method is as follows.

The data of oxy-  and deoxyhemoglobin are shown in Eq 1:

where ∆HbO and ∆HbR are the values of oxy-  and deoxyhemo-
globin, respectively. ∆HbOF, ∆HbRF, and ∆HbRS denote the values 
of functional components and systemic components, respectively. 
Furthermore, we consider the correlation between functional 
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F I G U R E  1   The flow of the experiment

F I G U R E  2   The blood flow extraction device (FOIRE- 3000). (a) (SHIMADZU Co). The data were recorded at 1– 22 ch (frontal) and 23– 
44 ch (occipital), at a sampling frequency of 7.7 Hz (Figure 2 (b), (c) and Figure 3) (Maoka et al., 2016)
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oxy-  and deoxyhemoglobin, and the correlation between systemic 
oxy-  and deoxyhemoglobin. The brain has a property called neuro-
vascular coupling, wherein oxyhemoglobin will increase and deoxy-
hemoglobin will decrease by adjusting the regional cerebral blood 
flow during neural activation. Thus, kF(−1 < kF <0) is defined as a 
proportional constant, and a proportional relationship is realized be-
tween functional oxy-  and deoxyhemoglobin.

The systemic component changes cause dilation of vascu-
latures. That is, oxy-  and deoxyhemoglobin will increase in this 
process. Thus, ks (0 < ks) is defined as a proportional constant, 
and a proportional relationship is realized between systemic oxy-  
and deoxyhemoglobin. These relationships can be expressed as 
follows.

Consequently, the following relationships are obtained from 
both equations.

The value of kF is empirically set to −0.6, and the same value was 
adopted herein. On the contrary, the value of kS was decided by min-
imizing the mutual information between the value of kF. From the 
above, the independence of each proportionality constant can be 
assumed and demonstrating that the occurrence of functional and 
systemic components is based on different principles is possible.

Subsequently, to consider individual differences, standardiza-
tion (average: 0; variance: 1) was applied to the extracted functional 
component. In addition, baseline correction was performed to set the 
starting point of each data to zero. Furthermore, we calculated the in-
tegrated value of the acquired oxyhemoglobin data for 10 min. Lastly, 
we calculated the average of the integral value for each condition.

3  | RESULTS

Oxyhemoglobin changes in the frontal and occipital lobes were calcu-
lated for each condition. Figures 5 and 6 show oxyhemoglobin changes 
using color maps. The color changes to yellow when oxyhemoglobin 
increases, and it changes to blue when oxyhemoglobin decreases.

On comparing the oxyhemoglobin changes in the frontal lobe 
acquired by four conditions, condition 1 (without intake) tended to 
increase oxyhemoglobin one hour after bread intake. Besides, condi-
tions 2– 4 (with intake) tended to decrease oxyhemoglobin one hour 
after intake.

Comparing the oxyhemoglobin changes in the occipital lobe 
acquired by four conditions, condition 1 (without intake) tended to 
increase slightly when one hour after bread intake. Although the 
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F I G U R E  3   Light emitters and 
photodetectors are marked by red 
and blue circles, and the measurement 
points are indicated by numbers. For 
frontal, 15 ch and 17 ch were set to Fp2 
and Fp1, respectively, according to the 
international 10– 20 system for assuring 
minimum between subject position 
variability (Yasue, 2016)

F I G U R E  4   The international 10– 20 system
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oxyhemoglobin changes in the occipital lobe are less prominent than 
that of frontal lobe, conditions 2– 4 (with intake) tended to decrease 
oxyhemoglobin one hour after intake.

4  | DISCUSSION

The limitations of this study are as follows. First, the subjects of this 
study are only 17 and all of them are Asian in their 20 s. Additionally, 
we only tested the three olive oils from the best- selling brands in 
Japan. Although the usage of olive oil correlates with volume of sales, 
this does not guarantee that the three olive oils we tested were the 

most used for direct consumption and not cooking. The task utilized 
for simulating deskwork was typing test. It was meant to simulate a 
mundane, repetitious activity, and induce stress. However, it must 
be acknowledged that job stress is multifaceted in nature and task- 
induced stress is only one aspect of it.

As shown in the results section, the main findings of this study 
are as follows:

• Compared to the control group, consumption of any olive oil re-
duces the concentration of oxyhemoglobin in the frontal lobe 
during the typing task and cerebral blood flow measurement con-
ducted on 1 hr after intake and 2 hr after intake.

F I G U R E  5   The sample of oxyhemoglobin changes using color maps. The color changes to yellow when oxyhemoglobin increases, and it 
changes to blue when oxyhemoglobin decreases
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• Consumption of olive oil did not change the oxyhemoglobin con-
centration in the occipital lobe.

Currently, a correlation between stress and increased total 
hemoglobin count has been reported (Yoshikazu et al., 2008; 
Matthias et al., 2002). Although the subject of analysis of the previ-
ous studies is total hemoglobin count and this study only analyzed 
oxyhemoglobin concentration, the concentration of both total he-
moglobin and oxyhemoglobin are said to increase during neural 
activity due to neurovascular coupling (Peter et al., 1988). In other 
words, there is a positive correlation between total and oxyhemo-
globin. As such, it can be considered that consumption of olive oil 
reduces the subjects’ stress levels or mitigates the subjects’ stress 

responses. These results are also in line with the previous study 
suggesting the trend of stress reduction using electrocardiogram 
(Atsuo & Kazuhiro, 2004). Additionally, a previous study found 
correlation between stress and prefrontal brain activity (Richard 
& William, 1999). This is also in line with our results that oxyhemo-
globin concentration was decreased only in the frontal area and not 
in the occipital area.

We also found that while there is a decrease in oxyhemoglo-
bin concentration at the frontal lobe, during the tasks performed 
1 hr after consumption and 2 hr after consumption, there were no 
changes in oxyhemoglobin concentration during the task performed 
right after the consumption. This suggests that while olive oil inges-
tion is beneficial, the stress mitigation effect is not instantaneous. 

F I G U R E  6   The other sample of oxyhemoglobin changes using color maps
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The time delay might also be related to the fact that the digestion 
and absorption of fats and oils are around two to three hours.

5  | CONCLUSION AND FUTURE WORK

We recorded the cerebral blood flow activity of 17 healthy univer-
sity students during typing tasks. As control, the participants were 
instructed to consume a piece of bread and as the experiment, the 
participants were instructed to consume a piece of bread along with 
15 g of extravirgin olive oil. The measurement was conducted four 
times, 10 min before the ingestion, right after the ingestion, 1 hr 
after ingestion, and 2 hr after ingestion. Analysis on oxyhemoglobin 
concentration found that compared to the control, ingestion of 15 g 
extravirgin olive oil of any brand reduces the oxyhemoglobin con-
centration during the measurements conducted on 1 hr after inges-
tion and 2 hr after ingestion.

Our work is by no means complete. We need to address the lim-
itations we specified before. 17 subjects with average age of 20 s 
certainly do not completely reflect the workforce population, and 
more samples with average age and sex ratio corresponding to the 
workforce population are needed. Second, we regarding the olive 
oils. We utilized the three best- selling extravirgin olive oils in Japan, 
and all of them produced similar result. Rather than a brands of olive 
oil, focus on the chemical contents might reveal more information. 
Finally, more types of stress stimulation tasks might be considered.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

AUTHOR  CONTRIBUTIONS
YM, KW, MI, KI, MN, and MM conceptualized the data. YM, RN, 
and BS involved in data curation, formal analysis, investigation, and 
writing— original draft. YM involved in funding. YM, RN, BS, KW, MI, 
KI, and MN involved in methodology. YM and MM involved in project 

administration. YM, KW, MI, KI, and MN involved in resources. RN 
and BS involved in software. YM and MM involved in supervision. 
YM, BS, and MM involved in validation. RN and BS involved in visu-
alization. YM and BS involved in writing— review and editing.

DATA AVAIL ABILIT Y S TATEMENT
Research data are not shared.

ORCID
Yasue Mitsukura  https://orcid.org/0000-0001-5575-8589 
Brian Sumali  https://orcid.org/0000-0001-9934-4708 

R E FE R E N C E S
Atsuo, Y., & Kazuhiro, T. (2004). Fatty acids and autonomic nerves. The 

Kyorin Medical Society., 35, 375– 378. https://doi.org/10.11434/ kyori 
nmed.35.375

Ben, D., Matthew, B., Paloma, N., Naresha, S., Romain, C., Dena, L., 
Benson, G., Stéphane, B., Katja, H., John, P., Tony, C., Irving, W., 
Hannes, V., Mark, D., & Anne, B. (2019). Single- cell analysis reveals 
T cell infiltration in old neurogenic niches. Nature, 571, 205– 230. 
https://doi.org/10.1038/s4158 6- 019- 1362- 5

Chris, T., Jamie, M., Adam, M., Craig, M., & Dennis, K. (2019). Absence 
of amorphous forms when ice is compressed at low temperature. 
Nature. 569, 542– 551. https://doi.org/10.1038/s4158 6- 019- 1204- 5.

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A global measure of 
perceived stress. Journal of Health and Social Behavior, 24(4), 385. 
https://doi.org/10.2307/2136404

Coni, E., Di Benedetto, R., Di Pasquale, M., Masella, R., Modesti, D., 
Mattei, R., & Carlini, E. A. (2000). Protective effect of oleuropein, an 
olive oil biophenol, on low density lipoprotein oxidizability in rabbits. 
Lipids, 35(1), 45– 54. https://doi.org/10.1007/s1174 5- 000- 0493- 2

Constance, H. (2004). Stress and depression. Annual Review of Clinical 
Psychology, 1, 293– 319. https://doi.org/10.1146/annur ev.clinp 
sy.1.102803.143938

Corentin, L., Camille, F., Robert, R., Elizabeth, T., Stephan, B., & 
Emmanuelle, J. (2019). Early fungi from the proterozoic era in arc-
tic Canada. Nature, 570, 232– 241. https://doi.org/10.1038/s4158 
6- 019- 1217- 0

Crosswell, A. D., & Lockwood, K. G. (2020). Best practices for stress 
measurement: How to measure psychological stress in health re-
search. Health Psychology Open, 7(2), 205510292093307. https://doi.
org/10.1177/20551 02920 933072

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol 
responses: A theoretical integration and synthesis of laboratory re-
search. Psychological Bulletin, 130(3), 355– 391. https://doi.org/10.10
37/0033- 2909.130.3.355

Elisabeth, P., Luna, M., Itziar, O., Maite, A., Maria, O., Virginia, B., Carlos, 
A., Maria, R., Jose, P., Ivan, M., Casilda, L., Martina, A., Vanesa, L., 
Carmen, M., Alvaro, T., Pedro, B., & Ignacio, M. (2019). Prophylactic 
TNF blockade uncouples efficacy and toxicity in dual CTLA- 4 
and PD- 1 immunotherapy. Nature, 569, 428– 445. https://doi.
org/10.1038/s4158 6- 019- 1162- y

Etsuo, N. (2007). Eustress and distress. Folia Pharmacologica Japonica, 
129, 76– 79. https://doi.org/10.1254/fpj.129.76

Feldmann, J., Youngblood, N., Wright, C. D., Bhaskaran, H., & Pernice, 
W. H. P. (2019). All- optical spiking neurosynaptic networks with self- 
learning capabilities. Nature, 569, 208– 215. https://doi.org/10.1038/
s4158 6- 019- 1157- 8

Hare, B. M., Scholten, O., Dwyer, J., Trinh, T. N. G., Buitink, S., Veen, S., 
Bonardi, A., Corstanje, A., Falcke, H., Hörandel, J. R., Huege, T., Mitra, 
P., Mulrey, K., Nelles, A., Rachen, J. P., Rossetto, L., Schellart, P., 
Winchen, T., Anderson, J., …Zucca, P. (2019). Needle- like structures 

TA B L E  3   Fatty acid composition of each olive oil

Fatty acid composition (%) Oil A Oil B Oil C

C16:0 Palmitic acid 12.6 9.9 12.5

C18:0 Stearic acid 2.0 2.7 2.5

C18:1 Oleic acid 72.7 79.4 73.1

C18:2 Linoleic acid 9.9 5.3 8.7

C18:3 a- Linolenic acid 0.7 0.6 0.7

others 2.1 2.0 2.4

TA B L E  2   Subject demographics. N = 17

Asian (%) 100

Female (%) 17.6

Age 22.8 ± 1.3 years

https://orcid.org/0000-0001-5575-8589
https://orcid.org/0000-0001-5575-8589
https://orcid.org/0000-0001-9934-4708
https://orcid.org/0000-0001-9934-4708
https://doi.org/10.11434/kyorinmed.35.375
https://doi.org/10.11434/kyorinmed.35.375
https://doi.org/10.1038/s41586-019-1362-5
https://doi.org/10.1038/s41586-019-1204-5
https://doi.org/10.2307/2136404
https://doi.org/10.1007/s11745-000-0493-2
https://doi.org/10.1146/annurev.clinpsy.1.102803.143938
https://doi.org/10.1146/annurev.clinpsy.1.102803.143938
https://doi.org/10.1038/s41586-019-1217-0
https://doi.org/10.1038/s41586-019-1217-0
https://doi.org/10.1177/2055102920933072
https://doi.org/10.1177/2055102920933072
https://doi.org/10.1037/0033-2909.130.3.355
https://doi.org/10.1037/0033-2909.130.3.355
https://doi.org/10.1038/s41586-019-1162-y
https://doi.org/10.1038/s41586-019-1162-y
https://doi.org/10.1254/fpj.129.76
https://doi.org/10.1038/s41586-019-1157-8
https://doi.org/10.1038/s41586-019-1157-8


1858  |     MITSUKURA eT Al.

discovered on positively charged lightning branches. Nature, 568, 
360– 363. https://doi.org/10.1038/s4158 6- 019- 1086- 6

Jonathan, C., Dongxue, Y., Zhiyu, Z., Po- Chao, W., Craig, Y., Emad, T., 
& Eric, G. (2019). Serotonin transporter- ibogaine complexes illumi-
nate mechanisms of inhibition and transport. Nature, 569, 141– 168. 
https://doi.org/10.1038/s4158 6- 019- 1135- 1

Kaga, S., & Kato, S. (2019). Extraction of useful features for stress detec-
tion using various biosignals doing mental arithmetic. 2019 IEEE 1st 
Global Conference on Life Sciences and Technologies, LifeTech 2019, 
(LifeTech), 153– 154. https://doi.org/10.1109/LifeT ech.2019.8883967

Kim, H. G., Cheon, E. J., Bai, D. S., Lee, Y. H., & Koo, B. H. (2018). Stress and 
heart rate variability: A meta- analysis and review of the literature. 
Psychiatry Investigation, 15(3), 235– 245.https://doi.org/10.30773/
pi.2017.08.17 . https://doi.org/10.30773/ pi.2017.08.17

Kirby, E. D., Muroy, S. E., Sun, W. G., Covarrubias, D., Leong, M. J., 
Barchas, L. A., & Kaufer, D. (2013). Acute stress enhances adult rat 
hippocampal neurogenesis and activation of newborn neurons via se-
creted astrocytic FGF2. Elife, 2013(2), 1– 23. https://doi.org/10.7554/
eLife.00362

Leblanc, V. R. (2009). The effects of acute stress on performance: 
Implications for health professions education. Academic Medicine, 
84(Suppl 10), 25– 33. https://doi.org/10.1097/ACM.0b013 e3181 
b37b8f

Lee, D. Y., Kim, E., & Choi, M. H. (2015). Technical and clinical aspects 
of cortisol as a biochemical marker of chronic stress. BMB Reports, 
48(4), 209– 216. https://doi.org/10.5483/BMBRep.2015.48.4.275

Maoka, E., Suguru, K., & Yasue, M., Visualization of Happiness Elicited 
Taking a Food Using Near Infra- red Spectroscopy. 2016 8th 
International Conference on Information Technology and Electrical 
Engineering (ICITEE). 1– 4. doi: 10.1109 / ICITEED.2016.7863291.

Matthias, S., Stefan, Z., Thomas, K., Frithjof, K., &Cramon, D. V. (2002). 
Near- infrared spectroscopy can detect brain activity during a color- 
word matching stroop task in an event- related design. Human Brain 
Mapping., 17, 61– 71. https://doi.org/10.1002/hbm.10052

McEwen, B. S. (2008). Central effects of stress hormones in health and 
disease: Understanding the protective and damaging effects of stress 
and stress mediators. European Journal of Pharmacology, 583(2– 3), 
174– 185. https://doi.org/10.1016/j.ejphar.2007.11.071

Menendez, J. A., Vellon, L., Colomer, R., & Lupu, R. (2005). Oleic acid, the 
main monounsaturated fatty acid of olive oil, suppresses Her- 2/neu 
(erb B- 2) expression and synergistically enhances the growth inhibi-
tory effects of trastuzumab (HerceptinTM) in breast cancer cells with 
Her- 2/neu oncogene amplification. Annals of Oncology, 16(3), 359– 
371. https://doi.org/10.1093/annon c/mdi090

Milan, O., Baptiste, H., Nenad, M., Joana, C., Atul, S., Marie- May, C., 
Simone, M., Ryoko, O., Hubertus, K., Alexander, S., & Mohamed, B. 
(2019). Glucocorticoids promote breast cancer metastasis. Nature, 
567, 540– 564. https://doi.org/10.1038/s4158 6- 019- 1019- 4

Ministry of Health, Labor and Welfare (2019). Survey on Industrial Safety 
and Health in 2018. Retrieved from https://www.mhlw.go.jp/toukei/
list/dl/h30- 46- 50_kekka- gaiyo02.pdf.

Nagasawa, Y., Ishida, M., Komuro, Y., Ushioda, S., Hu, L., & Sakatani, K. 
(2020). Relationship between cerebral blood oxygenation and electri-
cal activity during mental stress tasks: Simultaneous measurements of 
NIRS and EEG. In P.- D. Ryu, J. C. LaManna, D. K. Harrison, & S.- S. Lee 
(Eds.), Oxygen transport to tissue XLI (pp. 99– 104). Springer International 
Publishing. https://doi.org/10.1007/978- 3- 030- 34461 - 0_14

Oleg, K., Ann, V., Franck, M., Anna, F., Alexander, T., François, F., Franck, 
L., Frank, D., Ian, T., Loïc, T., Justin, E., Shohei, A., Séverine, R., Lori, 
N., Sébastien, V., Alexey, G., Nikolay, I., Alexey, S., Andrey, P., … Jorge, 
V. (2019). No detection of methane on mars from early ExoMars 
trace gas orbiter observations. Nature, 568, 517– 526. https://doi.
org/10.1038/s4158 6- 019- 1096- 4

Perona, J. S., Cañizares, J., Montero, E., Sánchez- Domínguez, J. M., 
Catalá, A., & Ruiz- Gutiérrez, V. (2004). Virgin olive oil reduces blood 

pressure in hypertensive elderly subjects. Clinical Nutrition, 23(5), 
1113– 1121. https://doi.org/10.1016/j.clnu.2004.02.004

Peter, F., Marcus, R., Mark, M., & Carmen, D. (1988). Nonoxidative glu-
cose consumption during focal physiologic neural activity. Science, 
241, 462– 464. https://doi.org/10.1126/scien ce.3260686

Philippe, M., Nicolas, T., Vilma, B., Alexis, B., Virginie, F., Yves, A., Paul- 
Henri, R., & Claire, M. (2019). Progenitors from the central nervous 
system drive neurogenesis in cancer. Nature, 569, 672– 696. https://
doi.org/10.1038/s4158 6- 019- 1219- y

Ranabir, S., & Reetu, K. (2011). Stress and hormones. Indian 
Journal of Endocrinology and Metabolism, 15(1), 18. https://doi.
org/10.4103/2230- 8210.77573

Rey, J. M. G., Arza, A., & Aguilo, J. (2014). Towards an objective mea-
surement of emotional stress. https://doi.org/10.1109/IBERS 
ENSOR.2014.69955592014 IEEE 9th IberoAmerican Congress on 
SensorsIBERSENSOR 2014 -  Conference Proceedings, 3– 6

Richard, D., & William, I. (1999). The functional neuroanatomy of emotion 
and affective style. Trends in Cognitive Sciences., 3, 11– 21. https://doi.
org/10.1016/S1364 - 6613(98)01265 - 0

Sanne, K., Phuc, V., Tyler, H., & Samuel, S. (2019). Transposon- encoded 
CRISPR– cas systems direct RNA- guided DNA integration. Nature, 
571, 219– 242. https://doi.org/10.1038/s4158 6- 019- 1323- z

Sawa, Y. (2002). C- Type. Retrieved from http://www.vector.co.jp/maga-
zine/softnews/020323/n0203231.html.

Schneiderman, N., Ironson, G., & Siegel, S. D. (2005). Stress and health: 
Psychological, behavioral, and biological determinants. Annual 
Review of Clinical Psychology, 1, 607– 628. https://doi.org/10.1146/
annur ev.clinp sy.1.102803.144141

Schwabe, L., Joëls, M., Roozendaal, B., Wolf, O. T., & Oitzl, M. S. 
(2012). Stress effects on memory: An update and integration. 
Neuroscience and Biobehavioral Reviews, 36(7), 1740– 1749. https://
doi.org/10.1016/j.neubi orev.2011.07.002

Schwingshackl, L., & Hoffmann, G. (2014). Monounsaturated fatty acids, 
olive oil and health status: A systematic review and meta- analysis 
of cohort studies. Lipids in Health and Disease, 13(1), https://doi.
org/10.1186/1476- 511X- 13- 154

SHIMADZU Co. fNIRS. Retrieved from https://www.an.shimadzu.co.jp/
bio/biomarker/297- 0425_fnirs.pdf

Solomon, Z., Mikulincer, M., & Hobfoll, S. E. (1987). Objective versus sub-
jective measurement of stress and social support: combat- related re-
actions. Journal of Consulting and Clinical Psychology, 55(4), 577– 583. 
https://doi.org/10.1037/0022- 006X.55.4.577

Stephen, C., Alessandro, L., Jillian, P., Jacob, F., Vilmos, A., Daniel, B., 
Sarah, J., Jamie, M., Carolyn, H., James, W., Doreen, P., Noushin, N., 
Valsamo, A., Patrick, F., Jarushka, N., Kristen, M., Julie, B., Brian, W., 
Hatim, H., … Victor, V. (2019). Genome- wide cell- free DNA fragmen-
tation in patients with cancer. Nature, 570, 385– 404. https://doi.
org/10.1038/s4158 6- 019- 1272- 6

Toru, Y., Shinji, U., & Keiji, M. (2012). Separation of fNIRS signals into 
functional and systemic components based on differences in hemo-
dynamic modalities. PLoS One, 7, 1– 16. https://doi.org/10.1371/jou- 
rnal.pone.0050271

Toshihiro, M., Saito, K., Takikawa, S., Takebe, N., Onoda, T., & 
Satoh, J. (2008). Psychosocial factors are independent risk fac-
tors for the development of Type 2 diabetes in Japanese work-
ers with impaired fasting glucose and/or impaired glucose 
tolerance. Diabetic Medicine, 25(10), 1211– 1217. https://doi.
org/10.1111/j.1464- 5491.2008.02566.x

Tuck, K. L., & Hayball, P. J. (2002). Major phenolic compounds in 
olive oil: Metabolism and health effects. Journal of Nutritional 
Biochemistry, 13(11), 636– 644. https://doi.org/10.1016/S0955 
- 2863(02)00229 - 2

Yaribeygi, H., Panahi, Y., Sahraei, H., Johnston, T. P., & Sahebkar, A. (2017). 
The impact of stress on body function: A review. EXCLI Journal, 16, 
1057– 1072. https://doi.org/10.17179/ excli 2017- 480

https://doi.org/10.1038/s41586-019-1086-6
https://doi.org/10.1038/s41586-019-1135-1
https://doi.org/10.1109/LifeTech.2019.8883967
https://doi.org/10.30773/pi.2017.08.17
https://doi.org/10.7554/eLife.00362
https://doi.org/10.7554/eLife.00362
https://doi.org/10.1097/ACM.0b013e3181b37b8f
https://doi.org/10.1097/ACM.0b013e3181b37b8f
https://doi.org/10.5483/BMBRep.2015.48.4.275
https://doi.org/10.1002/hbm.10052
https://doi.org/10.1016/j.ejphar.2007.11.071
https://doi.org/10.1093/annonc/mdi090
https://doi.org/10.1038/s41586-019-1019-4
https://doi.org/10.1007/978-3-030-34461-0_14
https://doi.org/10.1038/s41586-019-1096-4
https://doi.org/10.1038/s41586-019-1096-4
https://doi.org/10.1016/j.clnu.2004.02.004
https://doi.org/10.1126/science.3260686
https://doi.org/10.1038/s41586-019-1219-y
https://doi.org/10.1038/s41586-019-1219-y
https://doi.org/10.4103/2230-8210.77573
https://doi.org/10.4103/2230-8210.77573
https://doi.org/10.1109/IBERSENSOR.2014.6995559
https://doi.org/10.1109/IBERSENSOR.2014.6995559
https://doi.org/10.1016/S1364-6613(98)01265-0
https://doi.org/10.1016/S1364-6613(98)01265-0
https://doi.org/10.1038/s41586-019-1323-z
https://doi.org/10.1146/annurev.clinpsy.1.102803.144141
https://doi.org/10.1146/annurev.clinpsy.1.102803.144141
https://doi.org/10.1016/j.neubiorev.2011.07.002
https://doi.org/10.1016/j.neubiorev.2011.07.002
https://doi.org/10.1186/1476-511X-13-154
https://doi.org/10.1186/1476-511X-13-154
https://doi.org/10.1037/0022-006X.55.4.577
https://doi.org/10.1038/s41586-019-1272-6
https://doi.org/10.1038/s41586-019-1272-6
https://doi.org/10.1371/jou-rnal.pone.0050271
https://doi.org/10.1371/jou-rnal.pone.0050271
https://doi.org/10.1111/j.1464-5491.2008.02566.x
https://doi.org/10.1111/j.1464-5491.2008.02566.x
https://doi.org/10.1016/S0955-2863(02)00229-2
https://doi.org/10.1016/S0955-2863(02)00229-2
https://doi.org/10.17179/excli2017-480


     |  1859MITSUKURA eT Al.

Yasue, M. (2016). EEG signal processing for real applivations. Journal of 
Signal Processing., 20, 1– 7. https://doi.org/10.2299/jsp.20.1

Yoshikazu, I., Hajime, O., Hidenori, T., Hidenori, O., Toshiharu, M., 
& Tohru, Y. (2008). Study on Mental Stress Using Near- Infrared 
Spectroscopy. Electroencephalography, and Peripheral Arterial 
Tonometry. 2008 30th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society. 4992– 4995. 
doi:10.1109 / IEMBS.2008.4650335.

How to cite this article: Mitsukura Y, Sumali B, Nara R, et al. 
Evaluation of olive oil effects on human stress response by 
measuring cerebral blood flow. Food Sci Nutr. 2021;9:1851– 
1859. https://doi.org/10.1002/fsn3.2099

https://doi.org/10.2299/jsp.20.1
https://doi.org/10.1002/fsn3.2099

