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Impact of L-theanine and L-tyrosine on markers of stress and cognitive 
performance in response to a virtual reality based active shooter training drill

Matthew J. Mcallistera, M. hunter Martaindaleb, courtney c. Dillarda and Rory Mccullougha

aMetabolic & Applied Physiology Laboratory, Department of Health & Human Performance, texas State University, San Marcos, tX, USA; 
bALerrt Center, texas State University, San Marcos, tX, USA

ABSTRACT
ingestion of l-theanine and l-tyrosine has been shown to reduce salivary stress biomarkers and 
improve aspects of cognitive performance in response to stress. however, there have been no 
studies to concurrently examine the impact of both l-theanine and l-tyrosine ingestion during a 
mental stress challenge (Msc) involving a brief cognitive challenge and a virtual reality based active 
shooter training drill. thus, the purpose of this study was to determine the impact of ingestion of 
l-theanine and l-tyrosine on markers of stress and cognitive performance in response to a virtual 
reality active shooter drill and cognitive challenge. the cognitive challenge involved a stroop 
challenge and mental arithmetic. eighty subjects (age = 21 ± 2.6 yrs; male = 46; female = 34) were 
randomly assigned l-tyrosine (n = 28; 2000 mg), l-theanine (n = 25; 200 mg), or placebo (n = 27) prior 
to Msc exposure. saliva samples, state-anxiety inventory (sai) scales, and heart rate (hR) were 
collected before and after exposure to the Msc. saliva was analyzed for stress markers α-amylase 
(saa) and secretory immunoglobulin a (siga). the Msc resulted in significant increases in saa, siga, 
hR, and sai. ingestion of l-theanine and l-tyrosine did not impact markers of stress. however, the 
l-tyrosine treatment demonstrated significantly lower missed responses compared to the placebo 
treatment group during the stroop challenge. these data demonstrate that ingestion of l-theanine 
or l-tyrosine does not impact markers of stress in response to a Msc but may impact cognitive 
performance. this study was pre-registered as a clinical trial ("impact of supplements on stress 
markers”: Nct05592561).

1.  Introduction

tactical operators (e.g. firefighters, military, law enforcement 
personnel) are involved in high-stress scenarios that require a 
high amount of physical strength and cognitive performance. 
During such scenarios, the sympathoadrenal and hypotha-
lamic pituitary adrenal (hPa) axes are activated (i.e. fight or 
flight response) resulting in increased circulating concentra-
tions of catecholamines (i.e. epinephrine, norepinephrine) 
increasing heart rate, respiratory rate, and blood pressure 
(herman et  al., 2016). among law enforcement personnel, 
these conditions can result in increased anxiety, urgency, 
potentially impacting mental and physical performance 
(stephenson et  al., 2022). chronic exposure to such stressors 
can adversely impact cardiometabolic health by increasing 
inflammation, and oxidative stress (Mcallister et  al., 2023; 
soteriades et  al., 2011). as such, more work is needed to 
examine methods that can be conducted to mitigate the 
physiological and psychological impact of acute stressors.

Dietary supplement use is common among tactical popu-
lations, with the goal typically being to improve vigilance, as 

well as physical and cognitive performance (huang et  al., 
2006; Maughan et  al., 2007). l-tyrosine is an amino acid and 
acts as a precursor to catecholamines (i.e. norepinephrine, 
epinephrine) (stock et  al., 2018; Wurtman et  al., 1980) and 
can prevent a depletion of catecholamine stores resulting 
from excessive stress (lieberman et  al., 2015). l-tyrosine sup-
plementation has been purported to alleviate the effects of 
stressors (attipoe et  al., 2015; Young, 2007) and appears to 
demonstrate favorable effects when exposed to high stress 
scenarios (attipoe et  al., 2015). Findings from a review sug-
gested that l-tyrosine ingestion may produce beneficial 
effects when exposed to stressors (e.g. reduced blood pres-
sure, improved cognitive performance) (attipoe et  al., 2015).

l-theanine supplementation has been shown to reduce 
the physiological impact of stressors among human partici-
pants (hidese et  al., 2019; Yamada et  al., 2005; Yokogoshi 
et al., 1998; Yoto et al., 2012). supplementation with l-theanine 
(~200mg/day) has been shown to reduce heart rate and con-
centrations of salivary secretory immunoglobulin a (siga) in 
response to acute stress (Kimura et  al., 2007). l-theanine has 
been shown suppress hPa axis activity, potentially due to its 
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ability to cross the blood brain barrier, reduce glutamate 
release and increase γ-aminobutyric acid, glycine and dopa-
mine activity in the brain (levy & tasker, 2012; Unno et  al., 
2013; Wang et  al., 2022).

While past work has shown that that ingestion of l-tyrosine 
and l-theanine can reduce the effects of stress, more work is 
needed to better understand the acute impact of these sup-
plements when exposed to a high stress environment. Based 
on past findings that l-tyrosine and l-theanine can reduce 
biomarkers of stress [e.g. siga and α-amylase (saa)] and 
improve aspects of cognitive performance, we hypothesized 
that ingestion of these amino acids reduce biomarkers of 
stress and improve markers of cognitive performance and 
after participating in a virtual reality based active shooter 
training drill (VR-asD). thus, the purpose of this study was to 
examine the impact of acute ingestion of l-theanine, 
l-tyrosine, with respect to salivary and subjective markers of 
stress. a secondary aim was to investigate the impact of sup-
plementation on markers of cognitive performance.

2.  Material and methods

2.1.  Subjects and experimental design

this study utilized a randomized, single- blinded, between sub-
jects, parallel experimental design. subjects were blinded and 
randomly assigned to ingest either l-tyrosine (n = 28), l-theanine 
(n = 25) or a flavor matched placebo (n = 27) prior to being 
exposed to a mental stress challenge (Msc) that included a 
VR-asD and a cognitive challenge. the treatment randomization 

is shown in Figure 1. Note, since this was part of a larger clinical 
trial (Nct05592561) the data for the placebo condition were 
included in a previous study conducted by our team investigat-
ing the effects of caffeine ingestion (Mcallister et  al., 2024). the 
cognitive challenge was conducted for four minutes and 
occurred both before and after the VR-asD which lasted approx-
imately 2 minutes. thus, the total duration for the Msc was 
~10 min. Prior to involvement, subjects provided electronic 
informed consent and completed a health history question-
naire. subjects were recruited from university campus in the 
age range of 18-40 and were required to be free from: 1) any 
known cardiovascular or metabolic diseases, 2) any significant 
stressors (divorce, passing in the family or workplace problems) 
in the past 30 days, 3) history of vertigo, epilepsy, or a brain 
injury. in addition, subjects were asked to arrive fasted (no food 
or dietary supplement; caffeine intake) for ≥4 hours and to 
avoid intense exercise and any drug or alcohol use within 
24 hours of testing. testing occurred between the early and late 
afternoon (~12:00-17:30). all procedures were approved by the 
University’s institutional Review Board. this study has been 
pre-registered as a clinical trial (Nct05592561).

2.2.  Experimental procedures

Once subjects arrived, body mass and height were measured 
using a digital scale (Rice lake Weighing systems, Rice lake, 
Wi, Usa) and a stadiometer (213; seca, ca, Usa). subsequently, 
subjects were given a water bottle and were asked to mouth 
rinse and rest quietly for 10 min before the first saliva sample. 

Figure 1. Consort diagram of subject recruitment, screening and randomization. Note the placebo treatment group was involved in a separate block of random-
ization; thus, it is not included here.
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During this time wait period, participants were fitted with a 
heart rate (hR) monitor (Polar verity sense; Polar electro ltd, 
Kempele, Finland). Upon completion of the 10 min rest period, 
subjects provided an initial baseline saliva sample via passive 
drool method (45 min prior to the Msc). subjects ingested 
their assigned supplement beverage 40 min prior to the Msc. 
During this wait time, subjects were asked to rest quietly and 
were allowed to use their mobile devices or read a book, and 
were instructed to not speak to each other if more than one 
person was present in the waiting room. concurrent with each 
saliva sample, hR and state-anxiety inventory (sai) measures 
were collected. there was a total of 4 timepoints during which 
a saliva sample, hR and sai measures were collected: 1) 45 min-
utes before testing, 2) immediately before the Msc, 3) immedi-
ately after the Msc, and 4) 30 minutes after the Msc. an 
overview of the procedures is shown in Figure 2.

2.2.1.  Mental stress challenge: cognitive challenge & 
VR-ASD
the Msc for this study was previously performed by our team 
(Mcallister et  al., 2024). the cognitive challenge portion included 
an altered version of the stroop challenge and mental arithmetic 
calculations, which lasted 2 minutes each and were displayed on 
e-Prime 2 software (Psychology software tools, inc., Pittsburgh, 
Pa, Usa). immediately after, subjects performed the 2 min VR- 
asD, followed by the same cognitive challenges with different 
questions. thus, the entire Msc lasted ~10 minutes.

2.2.2.  Stroop challenge
For the stroop challenge, subjects were in front of a com-
puter monitor that displayed a word (yellow, green, red or 
blue) for .5 seconds. however, those words were presented 
with a conflicting-color font, which presented a mental 

challenge (e.g. the word yellow displayed with a blue font). 
the subjects had to quickly respond by pressing the correct 
font color on a color-coordinated keypad. Response times 
and decision accuracy were recorded. Note, the first ~1 min 
was set up as a practice trial and not included in statistical 
analysis in an attempt to minimize learning effects.

2.2.3.  Arithmetic calculations
the mathematical problems contained addition and subtraction 
of either single, double, or triple-digit numbers (e.g. 501 minus 
27). the subject was allowed 10 seconds to respond, there was 
an automated buzzer if the answer was wrong or if the subject 
took too long. the arithmetic calculations portion of the Msc 
was performed immediately after the stroop test.

2.3.  Virtual reality active shooter drill

the VR-asD was the same protocol as mentioned earlier 
(Mcallister et  al., 2024). in more detail, the subject was the 
responding officer on the scene of an active shooter. as the 
law enforcement officer, subjects walked through the initial 
door and heard screaming and sirens. One victim was on the 
ground immediately past the initial door, and a second victim 
ran out of a room on the left. the subject then proceeded to 
the room where the second victim ran from. Upon turning the 
corner and entering the room, the subject determined which 
person was the suspect and “shot” him with a virtual reality 
training weapon. Once the shooter fell after being shot, the 
VR-asD scenario ended. the VR-asD was presented using htc 
ViVe Pro VR equipment (htc corp, New taipei, taiwan) and 
was developed by street smarts VR (streetsmartsvr.com). the 
VR laboratory environment was larger than the virtual environ-
ment (~35 ft x 20 ft); making it easier for subjects to move 
around without disruption of the drill.

Figure 2. Overview of experimental procedures. Note, the figure was adopted from our past work (McAllister et  al., 2024).
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2.4.  State-anxiety inventory assessment

to assess self-reported stress levels, a validated sai with six 
statements was used at four different points of the testing dura-
tion. these were given at the same time the saliva test tube was 
administered along with the recording of hR. the statements 
included; “i feel uneasy” or “i feel calm” or “i am worried.” subjects 
responded on a scale of 1-4 (1 signifying the least agreement 
with the statement and 4 signifying the greatest agreement). 
the sai has been shown to be reliable and accurate (Marteau & 
Bekker, 1992; tluczek, henriques, & Brown, 2009).

2.5.  Supplement ingestion

l-theanine and l-tyrosine powder was purchased from Bulk 
supplements (hard eight Nutrition, llc, dba, Bulk 
supplements, henderson, NV). the l-theanine (200 mg) and 
l-tyrosine (2000 mg) powders were mixed with crystal light (a 
zero calorie powdered drink mix that is artificially flavored). 
specific quantities used were determined through pilot test-
ing to ensure consistent flavor and sweetness prior to exper-
imental testing. the 200 mg l-theanine was mixed with 0.55 
tsp of crystal light and 8 oz of water. the 2000 mg of l-tyrosine 
was mixed with 0.625 tsp of crystal light and 8 oz of water, 
and the placebo included 0.5 tsp of crystal light and 8 oz of 
water. the subjects were required to ingest within a 
two-minute period. these dosages were based off assess-
ments from previous work showing significant effects among 
humans (colzato et  al., 2013; Deijen et  al., 1999; Kimura et  al., 
2007; Unno et  al., 2013). Regarding the supplement ingestion 
period (40 min prior to the initial exposure to the stressor), it 
should be noted that plasma concentrations of l-theanine 
and l-tyrsoine have been shown to peak and/or impact other 
plasma analytes within 45–90 min after ingestion (Rasmussen 
et  al., 1983; scheid et  al., 2012; Van de Rest et  al., 2017).

2.6.  Saliva sample collection and analysis

saliva samples were collected via passive drool technique uti-
lizing a mouthpiece adaptor attached to the collection vial 
(salimetrics, Pa, Usa). saliva was collected at the following 
timepoints: 1) 45-minutes before the test, 2) immediately 
before, 3) right after, and 4) 30-minutes after the Msc. to 
optimize collection, subjects were told to start ‘pooling’ the 
saliva at the front of their mouth five minutes prior to saliva 
collection. this is necessary because participants were asked 
to tilt the head forward (either sitting or standing) and pas-
sively drool inside the test tube, limiting the bubbles in the 
sample. Participants were encouraged to produce approxi-
mately 1.0 ml of saliva per each collection timepoint. the 
saliva samples were immediately frozen at −80 °c and stored 
until subsequent analysis. saliva samples were shipped over-
night on dry ice for analysis of concentrations of siga and 

saa at a commercial laboratory (salimetrics, Pa, Usa). samples 
were analyzed in duplicate using commercially available kits 
(salimetrics, Pa, Usa). the intra-assay and inter-assay %cV for 
these assays was < 8.8%.

2.7.  Statistical analysis

all statistical data procedures conducted using sas v 9.4 (cary, 
Nc, Usa). to examine potential changes across time and 
between treatments, variables saa, siga, hR, and sai were 
analyzed via 3 x 4 (treatment x timepoint) factorial analysis of 
variance (aNOVa) – these were the primary analyses of this 
study. a post-hoc power analysis of these data indicated the 
study’s sample size (n = 80) was sufficient and achieved a statis-
tical power of 0.94 to detect the medium main effects pre-
sented in the results (G*Power 3.1.9.7). Regarding mental 
challenge data, to examine changes across time (pre-and 
post-Msc) and between treatments, 3 x 2 (treatment x time-
point) factorial aNOVas were conducted. these were con-
ducted for both stroop and mental arithmetic including the 
following outcome measures: correct responses, missed 
responses, and response time. in the instance of a significant 
main effect or interaction (p < 0.05), Fisher’s least significant 
Difference test was conducted to compare means. No correc-
tions were done as related to multiple comparisons. it is worth 
noting that analyses of the Msc were secondary to the objec-
tive and subjective markers of acute stress. as with the stress 
marker analyses, we utilized the resulting effect sizes to check 
for power post-hoc. the Msc analyses yielded adequate statis-
tical power (0.82) to detect the medium-sized main effects pre-
sented. effect size was calculated and reported as partial eta 
squared (ηp2). statistical significance was set a priori at p < 0.05.

3.  Results

a total of 80 subjects (male = 46; female = 34; height: 
171.5 ± 9.8 cm; mass: 79.5 ± 18.4 kg; age = 21 ± 2.61 yrs.) finished 
the testing procedures. subject demographics by treatment 
group are demonstrated in table 1. the subjects were asked to 
self-report activity levels (exercise at least three times per week 
= 71; No = 9), if they used any nicotine products (No = 73; Yes 
= 7), and if they ingested caffeine (e.g. coffee, pre-workout, 
soda) on a regular basis (Yes = 41; No = 39). Data are shown 
as mean ± standard deviation unless otherwise noted.

3.1.  Salivary α-amylase

Regarding mean saa concentrations, no significant treatment 
x time interaction was noted (F = 0.49, p = 0.81, ηp2 = 0.00). 
however, there was a main effect for treatment (F = 27.57, 
p < 0.001, ηp2 = 0.19) and time (F = 5.37, p = 0.001, ηp2 = 0.06). 
Post hoc analysis indicated significantly higher saa concen-
trations in the l-tyrosine group compared to l-theanine 
(p < 0.001) and placebo (p < 0.001) treatment groups. in addi-
tion, mean saa concentrations were also significantly greater 
in the l-theanine treatment compared to the placebo 
(p = 0.001) treatment group. With respect to changes across 
time, there was no change from −45 to immediately pre Msc; 

Table 1. Subject descriptive characteristics

Height (cm) Weight (kg) BMI

L-theanine 170.7 ± 9.4 81.6 ± 22.6 27.7 ± 6.1
L-tyrosine 171.7 ± 10.4 79.9 ± 16.7 26.9 ± 3.9
Placebo 172.0 ± 9.5 77.1 ± 15.8 25.9 ± 4.6



stRess 5

however, there was a significant increase from pre to post 
Msc (p < 0.001). a significant decrease was noted in saa con-
centrations from immediately post to 30 min post Msc 
(p = 0.001). since there was no treatment x time interaction, 
results indicate that supplementation did not impact mean 
saa responses to the Msc. Mean saa concentrations are 
shown in Figure 3.

3.2.  Secretory immunoglobulin A

No significant treatment x time interaction was noted for mean 
siga concentrations (F = 0.24, p = 0.96, ηp2 = 0.00). however, there 
was a main effect for treatment (F = 5.64, p = 0.004 ηp2 = 0.04) 
and time (F = 35.59, p < 0.001, ηp2 = 0.32). Post hoc analysis 
demonstrated significantly lower siga concentrations in the 
l-tyrosine treatment group compared to placebo (p < 0.001). in 
terms of changes across time, a significant decrease in siga 

concentrations was noted from −45 to immediately pre Msc 
(p = 0.004). Mean siga concentrations increased significantly from 
pre to post Msc (p < 0.001). in fact, siga concentrations immedi-
ately post Msc were significantly higher than all other timepoints 
(p < 0.001). since there was no treatment x time interaction, 
results indicate that supplementation did not impact mean siga 
responses to the Msc. Mean siga concentrations are shown in 
Figure 4.

3.3.  Heart rate and state anxiety inventory

No significant treatment x time interaction was noted for 
mean hR (F = 1.03, p = 0.40, ηp2 = 0.02). however, a main 
effect for treatment and time was noted (F = 11.58, p < 0.001, 
ηp2 = 0.09 &, ηp2 = 0.13 respectively). Mean hR was higher 
in the l-theanine treatment group compared to placebo 
(p < 0.001) and l-tyrosine (p = 0.03) groups. in addition, 

Figure 3. Changes in salivary α-amylase (sAA) concentrations across time and between treatments. -45 = 45 min pre MSC, pre = immediately pre MSC, post: imme-
diately post MSC, +30 = 30 min post MSC. θ Indicates higher sAA concentrations in L-tyrosine compared to both L-theanine (p < 0.001) and placebo (p < 0.001), and 
higher sAA concentrations in the L-theanine group compared to placebo (p < 0.001). *Indicates significantly higher sAA concentrations compared to pre and 30 min 
post MSC (p < 0.001).

Figure 4. Changes in secretory immunoglobuin A (SIgA) concentrations across time and between treatments. -45 = 45 min pre MSC, pre: immediately pre MSC, 
post: immediately post MSC, +30 = 30 min post MSC. θ Indicates significantly lower SIgA concentrations in the L-tyrosine group compared to placebo (p < 0.001). 
*Indicates a significant increase in SIgA post MSC compared to all other timepoints (p < 0.001).
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mean hR was higher in the l-tyrosine group compared to 
placebo (p = 0.006). With respect to changes across time, 
no change in hR was noted from −45 to pre Msc (p > 0.05). 
however, a significant increase was found from pre to post 
Msc (p = 0.004). in fact, hR was significantly higher 

immediately post-Msc compared to all other timepoints 
(p < 0.05). since there was no treatment x time interaction, 
results indicate that supplementation did not impact mean 
hR responses to the Msc. Mean hR data are shown in 
Figure 5a.

Figure 5. a: Changes in heart rate (Hr) across time and between treatments. θ Indicates significantly higher Hr in the L-theanine group compared to the placebo 
(p < 0.001) and L-tyrosine (p = 0.03) groups. *Indicates a significantly higher Hr post MSC compared to all other timepoints (p < 0.05). Figure 5b: Changes in state 
anxiety inventory (SAI) across time and between treatments. θ Indicates SAI values were significantly different in all treatment groups, with the lowest levels in 
the placebo treatment, and the highest levels in the L-tyrosine treatment. *Indicates a significant increase in mean SAI values post MSC compared to all other 
timepoints (p < 0.05).

Table 2. Mental challenge data (Stroop plus mental arithmetic challenge) for L-theanine, L-tyrosine and placebo groups presented in mean values ± standard 
deviation, respectively.

Mental arithmetic Stroop

Correct Missed response time (ms) Correct Missed response time (ms)

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

L-Theanine 8.9 ± 1.8 9.5 ± 1.6 0.3 ± 0.7 0.4 ± 0.7 4396.3 ± 1158.7 4501.3 ± 1125.0 17.6 ± 2.4 **18.4 ± 1.2 0.8 ± 1.3 0.3 ± 0.6 622.3 ± 97.6 627.7 ± 88.8
L-Tyrosine 8.8 ± 2.3 9.0 ± 2.2 0.4 ± 0.8 0.4 ± 0.8 4547.1 ± 1574.2 4724.3 ± 1523.7 18.4 ± 2.0 **18.9 ± 1.5 † 0.4 ± 0.6 †0.2 ± 0.5 633.6 ± 88.2 621.4 ± 77.8
Placebo 9.0 ± 2.7 8.3 ± 2.2 0.4 ± 0.6 0.5 ± 0.9 4634.1 ± 1511.7 4719.7 ± 1143.0 17.8 ± 2.4 **18.4 ± 1.7 0.8 ± 1.4 0.7 ± 1.1 645.8 ± 95.7 632.8 ± 104.1

**indicates significantly higher correct responses post Vr-ASD compared to pre Vr-ASD in all three treatments (p < 0.05).
†indicates significantly lower missed responses in the L-tyrosine compared to L-theanine and placebo treatments (p < 0.05). Note: Vr-ASD: virtual reality active 

shooter drill
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With respect to sai, no significant treatment x time inter-
action was noted for mean sai (F = 1.33, p = 0.24, ηp2 = 0.03). 
however, a main effect for treatment (F = 11.5, p < 0.001, ηp2 
= 0.09) and time (F = 24.41., p < 0.001, ηp2 = 0.24) was found. 
Mean sai values were significantly different in all treatment 
groups with the lowest levels in the placebo treatment, and 
the highest levels in the l-tyrosine treatment. More specifi-
cally, mean sai levels were higher in the l-tyrosine treatment 
group compared to both l-theanine (p = 0.04) and placebo 
(p < 0.001) groups. Mean sai levels were significantly lower in 
the placebo treatment compared to both l-theanine 
(p = 0.009) and l-tyrosine (p < 0.001) treatments. in addition, 
sai levels in the l-theanine treatment were significantly 
higher than placebo (p = 0.009) treatment. With respect to 
changes across time, sai values immediately post Msc were 
significantly higher compared to all other timepoints 
(p < 0.05). sai values at 30 min post Msc were significantly 
lower than mean sai at −45 and immediately post Msc 
(p < 0.05). since there was no treatment x time interaction, 
results indicate that supplementation did not impact mean 
sai responses to the Msc. Mean sai values are shown in 
Figure 5b.

3.4.  Mental stress challenge data: stroop

all mental challenge data are reported in table 2. Regarding 
stroop performance, it should be noted that three outliers 
were removed as their data were extreme outliers (i.e. >3sD 
from the mean). No treatment x time interaction was found 
for stroop correct responses (F = 0.30, p = 0.73, ηp2 = 0.00). 
the main effect for treatment approached significance 
(F = 3.07, p = 0.05, ηp2 = 0.07) with the highest correct 
responses in the l-tyrosine treatment. there was a main effect 
for time (F = 8.9, p = 0.003, ηp2 = 0.11) with significantly higher 
correct responses noted post-VR-asD compared to pre-VR-
asD (p = 0.003). With respect to missed responses, no treat-
ment x time interaction was noted (F = 0.77, p = 0.46, ηp2 = 
0.02). the main effect for time approached significance 
(F = 3.28, p = 0.07, ηp2 =0.04). Finally, a main effect for treat-
ment was found (F = 3.75, p = 0.02, ηp2 = 0.09) with signifi-
cantly lower missed responses in the l-tyrosine condition 
compared to placebo (p = 0.007). in terms of response time, 
no treatment x time interaction or main effect for treatment 
or time was found (p > 0.05); however, the main effect for 
treatment approached significance (F = 2.51, p = 0.08, ηp2 = 
0.06) with the highest overall response time noted in the 
l-tyrosine condition.

3.5.  Mental stress challenge data: mental arithmetic

Regarding mental arithmetic, no treatment x time interaction, 
or main effect for time or treatment was found for any vari-
able (correct, missed responses and response time) (p > 0.05). 
however, the treatment x time interaction approached signif-
icance with correct responses (p = 0.08, ηp2 = 0.06). From pre- 
to post-VR-asD, the placebo treatment decreased by 8%, 
whereas the l-theanine and l-tyrosine groups increased by 
7% and 2.5%. however, this change was not significant 
(p = 0.08).

4.  Discussion

the main findings of this study demonstrate that the Msc 
resulted in significant increases in all stress measures (saa, 
siga, hR, and sai). While between-group differences existed 
for these variables, they were not impacted by ingestion of 
either l-theanine or l-tyrosine, as no significant treatment x 
time interactions were found. Regarding cognitive perfor-
mance, the l-tyrosine treatment demonstrated significantly 
lower missed stroop responses compared to the placebo 
treatment. While the l-tyrosine treatment demonstrated 
higher correct stroop responses, the difference was not sig-
nificant (p = 0.05). since these data were collected ~40 min 
after supplement ingestion, it is possible that ingestion of 
l-tyrosine contributed to improvements to markers of cogni-
tive performance as previously shown in past research 
(attipoe et  al., 2015; Bloemendaal et  al., 2018; Deijen et  al., 
1999; Deijen & Orlebeke, 1994; Wang et  al., 2022). however, it 
is also possible that these findings are explained by between 
group differences that are not attributed to supplement 
ingestion.

the present data are in line with past work that reported 
increases salivary stress markers such as saa and siga in 
response to exposure to high stress tactical scenarios (Groer 
et  al., 2010; Mcallister et  al., 2022). in fact, a recent study 
demonstrated that the physiological stress response to a 
VR-asD is the same as the response noted from a real-life 
active shooter scenario involving professional actors 
(Martaindale et  al., 2023). VR based simulated high stress tac-
tical scenarios may be a way to facilitate occupational train-
ing to improve performance and decision making while 
operating in a safe and controlled environment (Greco & 
Fischetti, 2018; Pallavicini et  al., 2016). a review on stress 
exposure training suggests that exposing individuals to high 
stress scenarios may increase stress resilience, potentially 
attenuating risk for developing stress related psychiatric con-
ditions such as post-traumatic stress disorder and depression 
(Russo et  al., 2012). Moreover, past work has shown that VR 
based stress exposure/inoculation training can be used as a 
beneficial tool for stress inoculation training to mitigate phys-
iological stress responses and improve performance while 
under stress (izard et  al., 2018; Pallavicini et  al., 2016; Popović 
et  al., 2009). While ingestion of l-theanine and l-tyrosine did 
not impact the salivary stress response to acute participation 
in a high stress scenario, more work is needed to better 
understand the impact of long-term nutritional interventions 
involving l-theanine and l-tyrsoine.

in terms of the impact of l-theanine and l-tyrosine on 
biomarkers of stress, the present study demonstrated 
between group differences for the stress markers saa, siga, 
hR and sai. however, it is important to note that regardless 
of the between group differences, ingestion of the amino 
acids did not impact the stress response to the Msc. these 
findings are in contrast with two previous studies that 
reported reduced saa and siga from supplementation with 
l-theanine (Kimura et  al., 2007; Unno et  al., 2013). there are 
a few potential explanations for the conflicting results. First, 
the while the study conducted by Kimura et  al. (2007) used 
a similar dosage (200 mg l-theanine) and age range for 
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participants, the reduced siga concentrations were reported 
during a 20-minute mental stress challenge involving mental 
arithmetic. there were no differences reported in pre or post 
stress with respect to siga concentrations (Kimura et  al., 
2007). as such, it is possible that the differences in the 
length of mental stressor, or timing of collection of siga 
samples between the present study and data reported by 
Kimura et  al. (2007) could potentially explain the discrepancy 
in results. Moreover, data from Unno et  al. (2013) demon-
strated reduced saa concentrations among university stu-
dents during pharmacy practice. Briefly, 200 mg of l-theanine 
was ingested twice per day for a total of 17 days. 
concentrations of saa were found to be lower in the morn-
ing (after waking up) following l-theanine supplementation 
during pharmacy practice (i.e. a stressful condition) com-
pared to placebo (Unno et  al., 2013). this effect was likely 
attributed to suppressed stress-induced hPa axis activation 
as l-theanine can cross the blood-brain barrier, reduce gluta-
mate release and increase γ-aminobutyric acid, glycine and 
dopamine release in the brain (levy & tasker, 2012; Unno 
et  al., 2013; Wang et  al., 2022). since the subjects in the pres-
ent study were exposed to an acute high-stress scenario, it is 
possible that factors such as the timing of the sample collec-
tion, duration and/or intensity of the stressor, or duration of 
the supplement ingestion period could all impact the results. 
as such, more research is needed to further examine the 
potential impact of l-theanine ingestion on concentrations 
of saa and siga in response to acute stress.

in terms of the impact on mental performance, the 
l-tyrosine group demonstrated significantly less missed 
responses compared to the placebo treatment for the stroop 
challenge. While other aspects of cognitive performance were 
higher in the l-tyrosine condition (response time and correct 
responses for stroop), the findings did not reach statistical sig-
nificance (p = 0.05–0.08). these findings are similar to past work 
showing benefits to aspects of cognitive performance associ-
ated with l-tyrosine ingestion such as improvements to work-
ing memory (colzato et  al., 2013; Mahoney et  al., 2007), 
decision making (coull et  al., 2015), and mathematical process-
ing (addition/subtraction) (attipoe et  al., 2015; Magill et  al., 
2003). supplementation with l-theanine and l-tyrosine have 
both been shown to improve aspects of working memory or 
cognitive processing in sleep deprived conditions (Magill et  al., 
2003; tamano et  al., 2013). it should be noted that the finding 
from tamano et  al. (2013) involved rodent models. however, 
data from Magill et  al. (2003) demonstrated favorable effects 
among healthy young men under sleep deprived conditions. it 
is possible that the improvements to markers of cognitive per-
formance could be attributed to l-tyrosine being a precursor 
to catecholamines epinephrine, norepinephrine, and dopa-
mine. More recent data from Bloemendaal et al. (2018) suggest 
that the cognitive enhancing effects of l-tyrosine are likely 
attributed to dopamine activity and are perhaps age depen-
dent, however more data are needed to support this hypoth-
esis. Finally, with respect to salivary stress markers, is should 
be mentioned that the present study incorporated a dosage of 
2000 mg l-tyrosine which is in line with previous studies 
(colzato et  al., 2013; Deijen et  al., 1999). however, the most 
common dose among literature is typically 150 mg/kg (attipoe 

et  al., 2015; Bloemendaal et  al., 2018; coull et  al., 2015; Magill 
et  al., 2003; Mahoney et  al., 2007). as such, the lack of an 
interaction effect from supplement ingestion on salivary stress 
markers could be due to a lower dosage than what is com-
monly used for l-tyrosine.

the present study does have some limitations that should 
be acknowledged. First, regarding the mental performance 
data, a baseline assessment was not conducted prior to sup-
plement ingestion. this was done in attempt to minimize 
order/learning effects. therefore, while between group dif-
ferences were reported for some of the mental performance 
data, it is not possible to determine whether or not these 
effects were attributed to supplement ingestion, or due to 
beween group differences that existed at baseline. While this 
is a limitation, the statistical analysis was conducted in such 
a way to test for interactions between the three experimen-
tal conditions (i.e., differences in the response across time 
between the treatments). Moreover, the mental performance 
assessment presently used (stroop and mental arithmetic) 
has not been validated in terms of reliability and validity for 
a cognitive/executive performance measure. it should also 
be mentioned that a single blinded study was used and this 
should also be viewed as a limitation. in addition, the pres-
ent study used college-aged subjects (mean age = 21 ± 2.61 
yrs) which were not law enforcement or military personnel. 
as such, the responses to the Msc could differ in a tactical 
population. Finally, we are not aware of whether or not 
third-party validation testing may have been done on these 
supplement powders to verify dosing.

5.  Conclusions

the findings from the present study indicate that ingestion 
of l-theanine and l-tyrosine, does not impact markers of 
stress (hR, sai, saa, siga) in response to a high-stress sce-
nario but may result in cognitive enhancing effects. this find-
ing was supported by higher markers of stroop performance 
in the supplemented groups compared to the placebo group. 
as such, these findings could provide beneficial insight to 
individuals working in high-stress occupations such as mili-
tary or law enforcement personnel. however, more studies 
are needed to further examine the potential cognitive 
enhancing effects of these supplements among those 
personnel.
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