Check for
updates

Korean Journal of Sport Science 2026, 37(2), 264-274
https://doi.org/10.24985/kjss.2026.37.2.264

KsrPo’

Original Article

Effect of Acute Beetroot Juice Supplementation on Metabolic
Function, Skeletal Muscle Oxygenation, and Cardiac Function
During Endurance Exercise in Healthy Men

Jae-Ho Choi', Younghwan Oh', Wonil Park?, and Hun-Young Park'**

'Department of Sports Medicine and Science, Konkuk University

*Department of Sport Science, Korea Institute of Sport Science

*Physical Activity and Performance Institute, Konkuk University

Article Info

Received 2025.11.04.
Revised 2026.03. 25.
Accepted 2026.04.09.

Correspondence®
Hun-Young Park
parkhy1980@konkuk.ac.kr

Key Words

Beetroot juice, Nitrate, Workload,
Metabolic function,

Skeletal muscle oxygenation,
Cardiac function

This work was supported by the
Konkuk University KU Research
Professor Program and by the Ministry
of Education of the Republic of Korea
and the National Research Foundation
of Korea (NRF-S1A5B5A17089358).

PURPOSE This study aimed to examine the physiological effects of acute beetroot
juice (BRJ) supplementation on metabolic function, skeletal muscle oxygenation, and
cardiac performance during endurance exercise at 70% of maximal heart rate (HRmax)
in healthy young men. METHODS Ten healthy men took part in a randomized,
double-blind, crossover study. Each completed two 30-minute cycling sessions at 70%
HRmax, after consuming either a placebo or a BRJ supplement with 400 mg of nitrate.
During these sessions, workload, perceived exertion (RPE), metabolic parameters
(VE, VO,, VCO,, RER, O,pulse), skeletal muscle oxygenation (oxHb, dxHb, toHb, StO,),
and cardiac metrics (HR, SV, CO) were recorded. RESULTS Compared to placebo, BRJ
supplementation notably enhanced exercise workload and VO,, with a significant rise
in O,pulse (p<0.05). However, there were no significant changes in skeletal muscle
oxygenation or cardiac function measures. RPE scores remained unchanged between
the conditions. CONCLUSIONS Acute BRJ ingestion led to a higher exercise workload
at the same heart rate during endurance exercise, along with an increase in VO..
This was also accompanied by an increase in O,pulse, a marker of circulatory oxygen
transport, suggesting that acute BRJ intake could affect physiological responses
associated with endurance performance in healthy young men.
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13} & A(nitric oxide, NO)= AE|F o2 7 24, AAFASHE,
F3AA W ZE0] A, L5 5T nEZE 0} 75 2T
Fo] QUIAOIA] thekst 7162 2= ASEAR d#HA ItHCooper
& Giulivi, 2007; Dejam et al., 2004; Lee et al., 2015). ¥4z
07 NOE NO @A fA(nitric oxide synthases)ol 2]3] Zulj=]
= W32l L-arginined] 4t3}o]] oJsf| A= ARt o]et oA Alo] &
At(dietary inorganic nitrate)S E39F ZAAMG-obE AN -ASHA 4
A Z(nitrate(NO;") nitrite(NO,) NO pathway) FA| Z23 A3
A A2 E AAE 1 It Lundberg et al., 2008).
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Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

o3t ARE /W0 g AXx FA oA NO3-0] ERIL H]
E®g FA(beetroot juice, BR))E AF3lo] NO A o] &&
(bioavailability)Z =] 3718& L £ e ¢ ESA=
ge] 8531 QltkSenefeld et al., 2020; Shannon et al., 2022).
BRJ AF el Qs B4 NO7F 568 ol 7|ofote 71H2 ¢
B0 2 & 742 ZHo|A AYE I 9tk (Bailey et al., 2009). A
A, &5 5 43k XA A TSt A AitbZF(local
hypoxia)2 BR] AFZ 3l 571 NO;” & NO, 9] & -3
EA5to] NO 84S 5771 A2& &84 tHBailey et al.,
2009; Cermak et al., 2012). &3t NO A 7= 25 5 &
AstE ZALO R A4 FFE Gt 4 ARE L5 A
A Q73 BHoh JUsHA A7 83 YEeh e Zo2 |
I EA Qltk(Bailey et al., 2009; Cermak et al., 2012). &4, NO
9 NO, &= Al oA 4k 0§ B&Z 2 dok= dds 3T

o NO+= HEZEC o A|ETE 2AHA|(cytochrome oxidase)
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9] &AL AAIsFL(Brown & Cooper, 1994), n|EZ =20} Q4
A Jro] vjneY(slippage)s AAAA ASHY Q4kst a5 &
AA71E= A0F BHAlE 3l QtKClerc et al., 2007). ESF NO, = A
At 270 AlEZTZ(cell respiration) IFolA 4h4 9] ks
BERAoZ AT 4 = A HAA} +8A|(alternative electron
acceptor)Z 288 4= 9Jof(Bateman et al., 2002), BRJ 4571 &
J3tE 2RA A9 AbA o8 &AL T AT 55
g ol 7199 = = F2 71318 AR A= Utk (Larsen
et al., 2007).

th=o] AP ATolA= BR] AF7F A4S =562 ol 37
9l Gk v|A k. H 18t Bailey et al.(2009)2 62479
BRJ A#(500mL/day, 11.2mmol NO;)7} % L4 E 2% A] At
4 593K oxygen kinetics)S 7JAstL A& w7129 A7k A
AAZTAL 21590 H, Lee et al.(2015)2 15¥€7+2] BRJ A3
(70mL/day, 400mg NO;)7} FH -5t Hgraded exercise
test) 3 NO A4 2 W75 FYotA FIAXH L BIIstGL
t}. E3E Porcelli et al.(2015)2 697+2] BRJ AH(5.5mmol NO;)
7t fAb 50| W2 I7EAAIA 3km A71718E 25 Tl
AARATL AAEEEE o]Qo e BR] AF= A4 580t ofy
2t 1= 71834 5 (high-intensity intermittent exercise)¥} o+
g 7|4t 2% (strength-based exercise) $358 7Ao= Az
olgtal By E 3 QJtHCoggan et al., 2015; Mosher et al., 2016;
Wylie et al., 2013). o]&§ Z3+=2 BRJ AF7t ©<es] A4 &
R ofy 2t thfet 25 FEiolA] Aba o8 EEI} oA A}
716< MAToEHN AAAQ] &5 358 FIAE 78S
AlAFEHCE,

ey APAT AHES A f4te 59, S A, 43 &
F E 717kl weh =R g2 FS Hola Qi 9], Shannon
et al.(2022)9] A&7} g9 Ao A= VO,max”F 45mL/kg/min ©]
ofQl 49 34 9 ¥ BR) AF B57F AT 558 /iAo &
Aol o, 60mL/kg/min olFollM= SR = A7 A
ol ARt f-ojet A xprt TEAE T B askelrh ES IR AP Ao
A & 2-3A1ZF Aol 5mmol °149] F4 BR] A7 A+4 =
S5 Mol AR &g Yehdttal B 116yl O i (Maughan
et al., 2018; Senefeld et al., 2020), T2 AFoA= thakst
@] EAo ©E F4 BR] AF &3E Hs] FEsld= &
7} BE3hctar AA 89 tHShannon et al., 2021, 2022). ]2} Zo]
BRJ A% o] gk A4 F& £ Hilol 28 F
HuEo] gfou AT AT 2A Yehv= g,

3L
=
A7 gast 5=, A715e B A 8L B 4

pul

-

o

|

o

= .
wpeba] theFet AP ATE v R U349 BR] AH7 A4
25590 1A= 4TS WA, A AtAst B, A7 )s
2 BRJ A & digt &
2 Atz EC
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A, AEEA L ¥ Fg

2020 PAR-Q+(Physical Activity Readiness Questionnaire for
Everyone)E 0|83t Abd A3 53 sty on, A4 &
A7t gl Aog gty Aot A7 thAE Zgoth(Park
et al., 2022).
B R HAgo] 80%S 2= HE I7]|S AHHSFAL
Y A9 AHE HRFOoR &% NO; &9 HstE HES%
AR A (repeated-measures ANOVA)O.2 F43%F Garnacho-
Castafio et al.(2018)9] 7oA E31H AT 7] (partial .’ =
0.647)5 #Fasto] 1 45 A&t §24F(e) 0.05, 239
(1-8) 0.90 7]1&22 G*Powerg °]&3to] 4t A3}, a9 =
AL FFo17] e Ha #E F7]= T 8B E AL 17
U gERE 1efsto] F 10789 AT FolAE BYsl

AT IR XA 542 (Table 1)0l AAlsATE & A4
= Kdighy 7|3 A2 93] (institutional review board,
IRB)ZHE] £91-& ¥9rom(7001355-202401-HR-742), AA7]
XA (Declaration of Helsinki)2] Ao u}g} 434 =] 3Tt

A
H
R

Table 1. Selected anthropometric data of subject

Variables He(z:lltilyl g;en Minimum  Maximum
Age 252+23 21.0 29.0
(years)
Height 1792 + 4.4 172.1 185.2
(cm)
Weight 77.0£55 692 86.6
(kg)
BMI
(kg/m) 24.0+13 211 26.1
Free fat mass (kg) 65.8+54 57.3 76.3
Fat mass
11.1+£29 6.4 16.0
(kg)
Percent body fat
+
) 144+35 7.7 19.7
0,
70%HRmax 1364+ 1.5 134.0 139.0
(bpm)

Note. Data are expressed as mean = standard deviation, BMI:
body mass index, HRmax = maximal heart rate.
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Fig. 1. Study design

A AA

£ A9 A4 AAE= (Fig. Dol AAlskeith. A8 717 3¢t =&
HFAES & 39 AP skl o, F29)(randomized),
o]% WA (double-blind), XA} AA(crossover design)S %]-&3]

REUAT BE ddA = BR] AF 2% EFAE AH 2
Aoll 27+ 1314 Foqstom, A &A= AFE 75 b= B4
(random number generation)2 °]-&5fo] F&92 A=At
/A 109 5 582 A HA APolA BRIE AFot YA 59
2 ZTAEE HFole s TP, Z2F HHE ol d45Y9
A& 717K washout period)S £ ¥t 27 9] AAE Y53t
gAet A3 o] Wolgt AAs AFH 259 S5l el &=
5 B3 g A

A A RN BE A AT 4A3F o] 417} 48

AZEe] AB AAYES AT F obho] APLL PEstGO
o, R F SRS PP T g AF AATHE S
th 2¥ g 97 AES B d7sge] 94 oF nRES

o thgt H&3Hfamiliarization) FF& FHSIAT. & ZEZEF
2 Miyashita 34(F4: 209-0.69x AF)ol| oJsf g i At
Z*(maximal heart rate, HRmax)(Miyashita et al, 1985)2] 70%
o FHE= Frg2 AAA o Z1u]E(Aerobike 75XLII Konami
Corporation, Tokyo, Japan)E °]&3d}o] & 3087t st A+
Y 25 AT Park et al., 2022). AHA o211n]EE o]
&3t Hdiot A 5 Al A RS 1 ARk 136.4+
1.5bpmel aig =3loH, sig Hek =25 54517 s A4
A o21ulE ] 4Eg: Ao] 7]5& &80l &5 F AU &
7 3o 2 7R LERSHYE)E HAAH R S £,
25 =3 T AU Wt et LERoHE A&H0R 4 2
stict. T HAL Al A R4 BE A dAES W Aol
12Xt &S 415 skelom, A A 2447 Bt AAE5-S AA
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1. Exercise load and RPE with 70% HRmax

2. Metabolic function (VE, VO,, VCO,, RER, O,pulse)

3. Skeletal muscle oxygenation (oxhb, dxhb, tohb, StO,)
4. Cardiac function (HR, SV, CO)

=8 A ASch A o] 717H B AT PSS NO; W
o] B AE(MIE, Ae, 43N 5 BRI AN §4E AT
S Ak PHE FREERY, YS9, APuE 5 42
ARASHEE Aol LEWSEOR, AT 27402 e B9
o2 geIstgict.

AT YRS ool AP Ue] YES T 2 25 53t
7] 2417 308 Al NO, 7t &3 54 % 70mLe] HehAlm

£ AFskar

(Fig. 2)0llA Hi= viel o] & AoA] ST EE FAT £
UE NO;” &7} BR] AHAAL AR 24486 9 Moz <l
3 A+ F2(Sunsweet Growers Inc., Kingston upon Hull, UK)
£ AdstAthBerry et al., 2015). BR] AFAl= doflA] AF3tE bt
o} Zo] AYPAFE v 22 NO;7F 400mg (6.4mmol)o] =3
% 70mL9] H]EFA(Beet-It Sport Shot 400; James White Ltd,
Ashbocking, UK)E A5l tH(Jones et al., 2019). AFol4] A
89 ZTHAES} BR] AFAIE AdATolA gestEdt 4f4d9Y
FE H|ohe, A ZJolg UEfA] g AR HiE 9f
tHBerry et al., 2015). S2HAE E= BR] A7 2417F 308 Fof|
A+ PRS2 HRmax®] 70%°) g =l ZE2 AHA o=
v]E](Aerobike 75XLII; Konami Corporation, Tokyo, Japan)
ol-gste] F 30827 st A+ < HAASFAH. sk
AT & 5l 255, FH4 A E(rating of perceived
exertion, RPE), At 75, AT A4st 5k, 437162 545t
Fom, RPEE 580ttt £ FPotleh. U A] g HAE2 v
it} S461c

HE A74H2 Koigha Well {113 3428 (NCTN-1,
Nara Control, Seoul, Korea)ollA] =343t oH, SHZAL dH
Stk 9 FE(RE 23+1C, FE 50£5%)F FAIoH3.

T ST
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Beetroot juice |

[EEE—— )
= Beet-It Sport Shot 400 (James White Ltd, Ashbocking, UK)
i 70ml
Ingredients:
62kcal
Nitrate 400mg/6.4mmol
Energy Og
Fat Og
Carbohydrates 17g
Of which sugars 129
Protein 2.69
Salt 0.34g
. J
Placebo |
~
Prune Juice (Sunsweet Growers inc., Kingston upon Hull, UK)
70ml
Ingredients:
47.6kcal
Nitrate 0
Energy 0g
Fat 0g
Carbohydrates 11.2g
Of which sugars 79
Protein 0.7g
Salt Og
\ J

Fig. 2. Ingredient of placebo and BRJ supplement (Jones et al., 2019)
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o.?l‘,

ey

B

A

ari
=

1. AA

AA T2 72 22 E = A A7 BSM 330 (Inbody,
Seoul, Korea)¥} A& £47] Inbody 770 (Inbody, Seoul,
Korea)Z o]-&sto] EA5IIrh BE IR Ha 44T o]
AT} 48A1719] ALt AAEES F8 T oo AP M| &
sto] AR SHSIAT BE dAe B0l FadE 5548 &
A AAT & &4 Ao AR STAA A A &
ASE WA A Z8E A Uolg dgdt & &olg %
£02 Fu A AANE 3} vl Oz HH AR AA T8
=359tk 4 FEo2 A (em), A5 (ke), BMI(kg/m?), AA
Wigke), AT F k), AATE%R)S Z7F5HATT.

2. A4 HAdist 5 5 5%t 2 RPE

2 AollA A Hdol 25 T 25Hoke AA o211
El(Aerobike 75XLII; Konami Corporation, Tokyo, Japan)°llAl
HRmax®] 70% =& 3087 st &5 $Foh= 52t 7171
of 9&] wjEntct 25 ALEEI 0w, RPEE 6-20 Borg AAY-S
o]g-sto] 58w} B7Fslet.
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3. A4 st 25 5 WA E

2 AFolA At st &5 5 A IeS FPA 2 AA
A o231 1]E(Aerobike 75XLII; Konami Corporation, Tokyo,
Japan)olA HRmax®] 70% ZE=& 3087 st &5 435}
£ 50t AE S ZUAREA7](K5, Cosmed, Rome, Italy) 2 9FH
AT POl 35 WHE o]-&5te] vjEuitt Bt 2% (minute
ventilation, VE), Ata24 ¥ #F(oxygen uptake, VO,), o]AFsletAn}
Z%(carbon dioxide excretion, VCO,), £& ¥ -E(respiratory
exchange ratio, RER), At (oxygen pulse, O2pulse)S &35}
At O2pulser= Al 2 wjEoNA 54E VO, & AHh4(heart
rate, HR)Z Wro] AlAbstg on, yuz] §E2 7]7]0) 9js)] A&

2499t

4. A4 Aot &5 5 2EL Aas 52

£ AFolA A7 ot 5 F ZAT AL e IS5 A
gt NIRS Al2El(Astem, Mizonokuchi, Japan)& ©|-83fo] &= 9]
FX(vastus lateralis muscle)ol|A] A8} S|2Z 241 5= (oxygenated
hemoglobin, oxHb), 243} dHZ 24l Fk(deoxygenated
hemoglobin, dxHb), & 32224l sk (total hemoglobin, toHb),
Z2] A48} 5= (tissue oxygenated saturation, StO,)E &A%
o}, &gt 4 Aol 5 10-15cm & Aot 5 5%
ol NIRSE F213t & QPgAIRE 3029 st 25°] T2 4
7HA] 10& 7HH 02 Hlole g 7|50l oH, S472 187t B+t
e ol

-

5. A48 HAdst 25 3 A375

2 AolA A1 Hdist &5 F A8752 6719 A5 #
zZsto] A7) B9t FRY duEA #HE Aot 85 YA
7] dueA A9l PhysioFlow PF-05(Manatec Biomedical,
Paris, France)& Ar&sto] HR, ¥3|9t&F(stroke volume, SV),
A& (cardiac output, CO)& w&rttt S35kt 6719 A=
< & AF 7|A59 HZdHsupraclavicular fossa) 910 #iX]H
2719] AAA AAE A= ECG 7|50l AMSE= 2709 AAdE A
= 9 ZrE7)of vix| " 2719 AFo 2 LAt

7 A=

B AFofA FEH ZE AFE SPSS 28(SPSS Institute, IBM
Corp., Armonk, NY, USA) B4 Z213& o]gaoto] 7 F&H4E 3
#+Mean)?} FZFH2}(Standard Deviation)E A3t 24E
A B4 st Gt 2ol gt 7Hge

BARE A (repeated two-way ANOVA)S AASIR O™, Fo|gt AF
528 a3 9 Ao] Ao W2 FaIt Uehbs - AR o) wh
£ g3} Jol& HFoH] ol AFEHFZ O E Bonferronis AAISHA
o}, B SAA 0 tigh 5-9eE2 p<0.052 A5t
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&1

533} 2 RPES] Wst

Mo

I

2R 9l BR] Aol W A7 25 & 5735 % RPES]
RSk (Fig. 3ol He vieh 2t 257319k RPE 25 9]
ofAT AIZE B AR Sfet fofgt Ao A-g ATyt GeA] gigtA

T, 25l glolA F% AAZE FAIH(p=0.035, 7°=0.406)
7} Urebgtt. olo] digt ARFEAS A Ax 4349 BR] AF

= ZFAE A i) A7 25 F sl H w2 553t
(p<0.05)5 HEPES AT 5= A

A1) st

EZTAE 9 BR] AFH 0] @& AT &5 T WA Wt
= (Fig. HolA Hi= vpet A} BE tHAPlB T #dof 9lof
Al A 212k AlZte] o3t 32 = UERA] AokAL
VO,(p=0.048, 7%=0.367)%} O,pulse(p=0.033, 7%=0.413)°] 1°]
A Rols AAZE FEIE Yepgt). olo] g A EAS AAS
a3t Qo1gel BR) U3 Fep 43N] o) 474 &5 5 &

T

9I5HA B &2 VO,(p<0.05)¢t O,pulse(p<0.05) UEd-S 21T
4= AUk &3, VE, VCO,, RERO] loiA = AT &5 5 SHA]

1.9 BRJ 430of w2 Aol et kst

fid

2 Ara3) 5] W

ETAE 3l BR] Aol ThE A7 25
Hsk= (Fig. 504 B Hiel 2 BE —%ﬁu—? dast

@ a0 (b) 3000
[ 2500
— &0 eenedil] <
< £ 2000
E 1t £
3 40 £ 1500
w
> Suppl: p=0.067, n? = 0.326 0N 1000
20 Ex: p<0.001t, n? = 0.934 >

Inter: p = 0.001t, n? = 0.190 500

(b)  20-
15-

o

& 0,

Fig. 3.

Exercise load (watts) &

250 Suppl: p = 0.035, n? = 0.406
Ex: p<0.001t, n2=0.819
200 Inter: p = 0.001t, n = 0.189
1504
100+ *
504
o- T T T T T 1 T T T T T T T T T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

# Placebo # BRJ

Suppl: p = 0.808, n? = 0.007
54 Ex: p < 0.001%, n2=0.835
Inter: p = 0.739, n? = 0.061

0
v T T T T T T

T
Rest 5 10 15 20 25 30 (min)

® Placebo # BRJ

Change of exercise load and RPE during endurance exercise
between placebo and BRJ trial. (a) change of exercise load, (b)
change of RPE. BRJ = beetroot juice, Suppl = supplementation,
Ex = exercise, Inter = interaction, RPE = rating of perceived
exertion. 'Significant interaction or main effect within
supplement or exercise, 'p ¢ 0.05. *Significant difference
between the placebo and BRJ supplement, *p { 0.05.

G

3000

2500

-
£
x E 2000
-
E 1500
~
Suppl: p = 0048, n2 = 0.367 g 100 Suppl: p =0.124, n2 = 0.242
Ex: p<0.001t, n2=0.927 > Ex: p<0.001t, n? = 0.924
Inter: p = 0.007t, n2 = 0.168 500 Inter: p < 0.0011, n2 = 0.231

T T T T T T T T T T T T T T T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

@ Placebo # BRJ

(d) 14
1.0
0.9

i

v 0.8

Ex: p<0.001%, n2=0.891

Suppl: p=0.709, n*=0.016

Inter: p < 0.001%, n? = 0.290

T T T T T T T T T T T T T T 7T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

@ Placebo # BRJ

-
K

O,pulse (mL/bpm)

05" r—T—TTT T T T T T T T T T 17T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

@ Placebo # BRJ

T T T T T T T T T T T T T T T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

# Placebo # BRJ

Suppl: p=0.033, n2=0.413
Ex: p<0.001t, n2=0.922
Inter: p = 0.363, 12 =0.107

T T T T T T T T T T T T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

- Placebo # BRJ

Fig. 4. Change of metabolic function during endurance exercise between placebo and BRJ trial. (a) Change of VE, (b) Change of VO,, (c) Change
of VCO,, (d) Change of RER, (e) Change of O,pulse. BRJ = beetroot juice, Suppl = supplementation, Ex = exercise, Inter = interaction,
VE = minute ventilation, VO, = oxygen uptake, VCO, = carbon dioxide excretion, RER = respiratory exchange ratio, O,pulse = oxygen
pulse. 'Significant interaction or main effect within supplement or exercise, 'p € 0.05. *Significant difference between the placebo and

BRJ supplement, *p { 0.05.
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Suppl: p =0.592, n? = 0.033
(@ 2601 Ex: p < 0.001, n? = 0.359
Inter: p = 0.431, n2=0.102
200+
—_
§— 150
3 r
X 100]e ! l I“
3 HTITIL

50

T T T T T T T T T T T T T T T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

® Placebo & BRJ

P
(3)
~

200+

150

100

toHb (%)

Suppl: p =0.617, n? = 0.029
Ex: p <0.001%, n2 = 0.465
Inter: p = 0.931, n? = 0.066

50

O r——T—TT T 7T T T T T T T T T T T 7T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

- Placebo +# BRJ

—_
[=X
=

StO; (%)

250+

200

150

100

Suppl: p=0.789, n? = 0.008
Ex: p <0.001%, n2=0.562
Inter: p = 0.994, n? = 0.049

50

Or—T—T T T T T T T T T T T T T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)
® Placebo # BRJ

200+

150+
100+ .II
Suppl: p =0.547, n? = 0.042

Ex: p <0.001%, 2 =0.271
Inter: p=0.111, 2= 0.131

50

OCr—T—T T T T T T T T T T T T T 17T
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)

@ Placebo & BRJ

Fig. 5. Change of skeletal muscle oxygenation during endurance exercise between placebo and BRJ trial. (a) Change of oxHb, (b) Change of
dxHb, (c) Change of toHb, (d) Change of StO,. BRJ = beetroot juice, Suppl = supplementation, Ex = exercise, Inter = interaction, oxHb =
oxygenated hemoglobin, dxHb = deoxygenated hemoglobin, toHb = total hemoglobin, StO2 = tissue oxygenated saturation. 'Significant
interaction or main effect within supplement or exercise, "p ¢ 0.05.

—
QD
-

160
140
E 120
Q
2 100
o
T 80 Suppl: p = 0.255, n2 = 0.141
Ex: p < 0.001t, n? = 0.962
60 Inter: p = 0.004t, n2=0.176
3T||||||||||||||||
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)
@ Placebo # BRJ
(b) 10
-y
E
>
* 80 Suppl: p = 0.620, n2 = 0.028
Ex: p <0.001%, n?=0.824
60 Inter: p = 0.041t, n2 = 0.146
Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)
@ Placebo # BRJ
(€) 25
20
=
£ 15
=]
10
8 Suppl: p = 0.563, n? = 0.038

Ex: p <0.001t, n2 = 0.949
5 Inter: p = 0.445, n2 = 0.102

"Rest2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (min)
@ Placebo # BRJ

Fig. 6. Change of cardiac function during endurance exercise between
placebo and BRJ trial. (@) Change of HR, (b) Change of SV, (c)
Change of CO. BRJ = beetroot juice, Suppl = supplementation,
Ex = exercise, Inter = interaction, HR = heart rate, SV = stroke
volume, CO = cardiac output. "Significant interaction or main
effect within supplement or exercise, "p € 0.05.
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wQlo] QoA AR\ g} A\7ho] W2 foiet A5 e} HH|o] uf
2 28T Yehx 29t olo] 74 25 5 24T At
ol 104 Zehax 2 BRJ AH 0] 3k Kol vk 939k

N7 et

Zep 9 BR) AA0) BE 474 25
(Fig. G014 B vle} 2. RE 4475 Tl Welof] QoIH A
A

Ao} Azko) e golat AsHaaTIel o] B FEH} 1}
U] @skth olo] A4 2E % 447150 glojH BetAw %

BRJ 41319] &} xfoli= LhehbA) gkt

=9

£ A4 729, ols8A, aA8AE F8sto], 434 BRJ A
7} 70% HRmax?] A4 25 5 2575}, RPE, AV ls, =42
Aast B2, A7l Al 9 AESHITE 11 41 BRJ A
F 2ANAME FLe AHEE(70% HRmax) stollA] o &2 %5
5ot} ol A-gohe AP FRH(VO,)S S7HF TEE oW, o]
23t ThE-2 AbA RHF B&S vhdotes 1 A ER EEEE Ak
W5(0,pulse)] S7H} A UEroH, ol &8 EolA9
Aba A Bgo] Al 7Hs/dS AARIY 1By S50 &9
AafdT IE A4S AAS 5 A7 W MRl =
RoJgt Aol 7t WA= A] A%

H A1 A7= Cermak et al.(2012)7} Shannon et al.(2017)
o] Bgk vie} o], BR] AF7t A4 &85 FAE = A
o= AYPAFET AT} Cermak et al.(2012)2 1279] Afo]

ALE do & 697 NO3-0] 55H BRIE AFe 23, +
25} 9 time trial performance”l FAE ATt B 1151 00,

offt iy
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ergogenic A& FH}sl7] flofAl= LG5k BRJ Ert NO, 71 2t
B5E Aol Aol AAISHIEE. Shannon et al.(2017)
2 Y 9 Ego]|oj&E A4S YO R BR] AF F time trial
performance?] §-2J3t 7|4E gQlstgion, ol 2xZ o7l §

3 Ak A 72 S50 Type & oF4 = Type 1T £50 027

=
Aol A thAFRE(Cl, PCr A5k, ADP ¥ Pi9] £4)9 £38& 3
2AFOEN ALY 5 F T ¥ 570t UEd ZAo=E o
TE

ozt AFo| & Eotal, £ Aol 70% HRmax 50
A FH S76FH S0 = RPEQ] Hsh= YERR] gttt o]+
Hogwood et al.(2023)9] Z3te} §-AFHA, JA7HAE0] 5 4gt
F%=(70% HRmax)oll th-§5h= &85 FHs7] flEo = Helrt
&, AA A &5F5k= 7o, Aol 71bket AdtiA A
E7F A5 |AE ] A" =¥ $E(RPE)°] FAGHA Yehd
A0 Z At

Thompson et al.(2014)2 &4 BRJ A3 & thFet Z=(50%,
70%, 90% VO,peak)olAl A4 &5 3T 23, S4=
(50% VO,peak)ol A& VO, T4 AFS HAo, 173 =(70-90%
VO,peak)ol A= ZFol7} glotal BiIskqit}. o]&2 BR] AF7t
FHE 2 1L &5 F AL 59 oxygen kinetics)ol G
< v 5 oy, Hof AAAFHFHVO,max)oll= AHHA JF
o] Agt&oletal AAISFHLE. ¥, de Castro et al.(2019) 13
ol & HUE LR g AtolA BRJ AFH & VO,, velocity
associated with VO,max (vVO,max), peak velocity (Vpeak)7}
FAEQITh AL Baskglnt. o3k A3H= BR] AFH7E &5 5 Atd
ol &3 A A ¥hgo] FIFE vHE 7 AR 2 A
TFol M= FARSHA, BRJ AF & s &5(70% HRmax) 5 © &
2 2550l olof] W VO, 377F FE . HE AT Akh
3} 5 (oxHb, dxHb, toHb, StO)e+ 474715 H=HR, SV, CO)
o A= zpol7F YehtA] gkokot, 70% HRmaxOll sfgsh= Fot=
435 clamped heart rate submaximal endurance exercise®|
U014 O,pulse?] F-93t S7H= 849 ¥vhe-S WYot= A ER
3442 4 QltH(American College of Sports Medicine [ACSMI,
2020; Mezzani et al., 2009)

ZA T A4S WESIF #E1slo], de Oliveira et al.(2020)2 A&
i FES YA Z F Ao A beetroot-based gel ¥ &
A Ak4st FEo] #sh= AT 259 12 YA (time to
exhaustion)°] S7IFHthal H5M . Jo et al.(2019) HA| A%
S AR1ES o2 3 AFoA BR] AF & Hat 1FI9} time trial
o2 MAEJ oY, ZTAT A4St o] Mshs TER] o9k
o Baskdth ZAo)E NOs #F NO, o] A6k, ol=jgt &
0|29 7|& sk FFEY AL B =A vehdth wEbA
BR] AFol @& 5558 P2 &5 W NOy Y &5, 2
< U NO, =%9] %7}, 18]3 NO, 9] NO #ghof| o3 wi7j= 7}
573°] AIA1EHde Oliveira et al., 2020). 213U &5 NO; &
T A9l 7 AolE B 4= 9loH, o] theel T A (xanthine
oxidoreductase, aldehyde oxidase, sialin 5)2] && *}o]o} 3
2o] gt} o]t 2912 &5 W NO 449 Z&3 Aol &&=
Z7sto], BR] 45 & FEEHE= 25 459 MAF | 7199 &= 9]
THLarsen et al., 2011; Wylie et al., 2016).

e
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A7) ZdoA, Bond et al.(2014) AZT A0S tigo
2 3k AFollA J4 BR] AF & HR, CO, SVol -9t #shr} gl
< Bustglon, ol BR] AF7t &5 @4 W NOE S7HA17]
1 VO, E HAAAFAAT A7 50l T vIXA] Sdrhal B
stalom, Fa AR I7HREY Al AdEw 24 59 fE
olgta AAISHA ). ESE Oggioni et al.(2018)2 AR TH= A7)
Q1 BR] 317 478715 7HAel o & 932 vE & Aot B3
staich 2 dAtolA % BR] AF & 70% HRmaxolA B & &5
FolE UetilSol 43715 oA Zol7t §igied], ole @71
AF9 gACIAY, AE BE(70% HRmax)E A sHA F-A%H

A7 54 Qg o= wekE)

dEAOoR, B A7 2384 BRJ AF7F 70% HRmax2] s}
ATg 25 5 L% AT 24004 8 &2 A 2575k
olef & VO, S77F BEEFH LT, ol O,pulsed] F7tet g7
TEHAT. v, AT As 9 £8 47 AEOH = fre
T HIP7E EA] gFot, o] 2Rt w2 i 7wt AA Ede
Rt 25 SiAo] Baske AARIY. Iy & dFe 59
A= 23004 BRI AF7 H w2 2575 382 7s s 3
the AolA, A4 5 33 dE B2H w8E olsfst Hl
ou e Z71E ATAH.

29, 0% W, WAk AAE F-gsto] 2009 A7t
$44S ez 434 BRJ AF7F 70% HRmax =2 A
+5 T 2550t RPE, A5, 24 4Aadt 55, A%
5 Al WX 4TS AESI. I E, BRJ AF 2004
At APAE stof|l A o o SE5HEF PO, RPE
A RQL QALSHA UER T E3F VO, 2 O,pulse’t {215}
7FstoH, ol HUSH A E ZANA T £3HA 4
4 291} A E vHg9] HSE AlARRITE W, A 4kas 5
(oxHb, dxHb, toHb, St0,)2+ A&71%5(HR, SV, CO)olAE= F-25t
wHsl7F PR okoket.

ol#gt ATE Fgshd, A7t AR FAdolA d3A BRI AH=

A7 5 5 5L AT E 2ANA o 2 2 55519t

olof J-&oh= VO, B2 R 4= 912, O,pulse?] S7hH= ©]

23t A3 27 SlolA Uehd ¢34 w2 ukalsts A EE s14
X

WA A5 27t Aok B3 2 dFode EWles ARAL
2 U] e B R, FF AgolAs 2k

tjEo] A9 4lg kel YRtstE wol7] {5l Bt SR 2 3
7](sample size)g FHI T& A7F 8-Ht
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94 oz 454 vEREFA(beetroot juice, BR)) AFH7F 70% HtiAddr
5 &5 550l 14 54 L (rating of perceived exertion, RPE), A5, 24

[“J“‘] 747%? A 10%‘% e . . 23 AAE FEskT 7SS SR 9 BRJ(400 mg
nitrate) A3 ¥ 27 70% HRmax FER 308719 A4A A1 252 SPotAth 25 5 &5t 2 RPE, thAt
71%(VE, VO,, VCO, RER, O,pulse), T2 423} 51 (oxHb, dxHb, toHb, St0,), ¥ 4A7|5(HR, SV, CO)& =
Aotgict.

[Z7H BR] AF= ZAES} Hlwste] §o5HA 2 &5 5Hp(0.05)%F voz(p<o.os)§ el on, O,pulse
(p€0.05)7k R-SJ5HA F7Fotgitt. v, AT Abash A9k A7]s T M4 L §o47 Aol 7k vehbA] gfgtet.
RPEE: F 271 7t o7 glgich.
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A7 ARl EA A % s wEE A
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