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Aim: Beetroot juice (BRJ) dietary supplement, as a natural source
rich of nitrates, has attracted the attention of professional and
recreational athletes. Nitrate and nitrite are converted into nitric
oxide inside the human body and improve the performance of
athletes with various biochemical mechanisms, including
increasing blood flow and energy metabolism. The purpose of
this study is investigate the effect of beetroot juice
supplementation on some functional factors in athletes.

Method: This study aims to investigate the effect of beetroot
juice supplementation on some functional factors in athletes,
scientific research articles that were in the period of 2016 to 2024
from the scientific databases of Web of Science, Google Scholar,
PubMed and SID. It prepares, studies and examines and draws
conclusion. The initial search included Beetroot juice, beetroot,
nitrite and nitrate. Also, the study subjects were healthy people
and athletes.

Results: In total, 29 studies with 462 subjects were included in
the present study. The results showed that beetroot juice
supplementation significantly increases aerobic and anaerobic
power, increases muscle performance and endurance, increases
antioxidant capacity, and significantly reduces pressure
perception, blood pressure, and heart rate in athletes.

Conclusion: The present study showed that beetroot juice
supplementation of 140 ml (12.8 mmol of nitrate) acutely and
chronically increases functional factors in athletes.

Key words: Dietary supplement, beetroot juice, nitrate, aerobic
and anaerobic power, sports performance.

Citation:

™ Department of Sports
Physiology, Faculty of
Educational Sciences and
Psychology, University of
Mohaghegh Ardabili,
Ardabil, Iran.

™ Corrispondig author:
M.Babaei9674@gmail.com

2 Department of Sports
Physiology, Faculty of
Educational Sciences and

Psychology, University of
Mohaghegh Ardabili, Ardabil,
Iran.

ISSN:2980-8960

All rights of this article are
reserved for authors.

Babaei M, Pourrahim A. The Effect of Beetroot Juice Supplementation on some functional factors in Athletes: A review
Article. Research in Exercise Nutrition 2025;2(4):33-49, Doi: https://doi.org/10.22034/ren.2024.141763.1061 .




1FeY sl <Y o 5lodi pgd Jlu/ oy 59 415 40 gy

S Wgdie a8 (25 4 039y I oledl oo g
sl 53 958190 NO @ (Sjglgr5ud (oS gt Co0 Wl 0
S el plomely Jslye 0 NO (W) 353 b5 0 5
Sy NS ge WS (Bgpe 3Sdes ey Ul
b 53 {10) 83lme L, 5las AL 5 3505 Sapas
Jos gye 0aiS 2liS lgie 4y NO ¢ Sl eMae (Sl
29 M7 S5 ) (Sfddnnd slamdiSly 9 S
P oRIBl egas & )i b ) St
das @ 95 ol GRIENL cwl (Ses NO (9 (o g
5 5 (0] K a8 (gie Slge gt 5 cpienS] 4 ol
A Al Hd WSy e daue dlae 1y a8 s o)
OiaST duje g Hae Slslasl (ATP) Gliwd o5 il
Slp e Gpae Guus ol Bk 5l e o il
5 ool e iolital slamcolld Job > 3,Skae il
u] R J.sto ‘U’l » 09)4& .(\\c—“‘) Cawl 045 Aoyl @9‘*)
A7 oo (BB e IS Sy 3 |y Glad ]S 5 e
b 4y lind ]S 4156 sl (S 8 oS (1)
b oo =2 Jsb 53 wlawd (351 silusl & o5l
S iz Ol oS cpuizman (VF) 1570 (SaS YL o5
859 E9p > (D SNy g B gaw I3l el cunl
LY )NF) ey hals 1) oas Sy Jlid i o (VL)) ol
Culglio gooss (BT L jhe (jaedp i) Gl L el o]
s dbol by 5 e v g & TIVIV
0 4 NO iy @b b jaise o)las (W) 39870 5550
St ) Sl g 0pS s wlld JLid ) ials
ol 5T S5 (0 VA N8) 4l 0 (Sa loa o ST,
o deape |y (el 3 Slas Wil 0 TNO3 JoSo oS 5l
@k & by b ol B3ls 5 Sles 5 (V)
4 (VYY) Aisy dam W)l 3.8d 5 popw (£pS aeusd
Ol Lol 45 byl s 1y e @ 5 sl epdle
by Ol ShuaST (1T cud b a5 ol o sanlie
Sl O b bognds plo @ Cons geg LB
ol el i @l Ji&j g (S o 5 s b qon
Lo 5 brghus) gVl Shws! o] cub

(V0) 850 oo ) Jsho sl
s O a JoSe 8l a5 Wi waled ol Lm il gib
Pl pobo 4y WS oo gy OHS Sy (59 25SNes 2

https://researchinexercisenutrition.com

.

EV RN

o Gl (ole xix oy S ()59 53 2,8es ol 4 (ol
oM ¢ uolidily) (Slloger (S5l b ddas (S5 Jald
oedle Sy ale (8559 Jb 3 sl s cunl (eloial pole
solyg, (ool ol 4 & cwl sy (Siden
e oJbmgnl bty 31 plojen U o) 5l (Sjsle s
oasede 5 Sy 3 1) 08 IS 0 Slee (il e
Anlgdm oo a5 (LSS50 cnlply S e 29 g S
] 5l bl > b asley e @ ) 5 Sles
S0) 2l ansly s =g dgaome 1y 5, SMes oS (Sjslsn b
Loolymie b Big 0 2es lall ((Sejglen b ol
P Ghas g5 Gooyp vas (B (B St
» Sk 3 Slas (ilaam o —(Bgye (B Jae b sy
s Syl b aliitul 5 Slas o8 A8 (0 hoog | (5559
@ bt o @by ol hed Gl oeds B
FSMe 2900 Sl nyed el D9d e e 1S s
Mae o5 (803 o, (VO2max) o5s] cusly
Gl ) selitel 3 )Slee 6y gine (oS15 g 039 ¢S]
25 gl g Gl 4 gl slahyyy yuder (V) Aadiee
Slprie pedplie bawgs bles &8 5)l 5l caeyw 5 OB
Lo Vb glmaad p (ghlen olKuey WNgd o (Sluiidy
Slawd 55 il el 53 (Y bl 51 51,8 slamens
by b ATP (4l (668 b cnlple .l 25T (ATP)
5 0iad) (silsmin ol g odd 0p8d lamclaus
@ > SSlgm o8wd 29 03,9 (SasSS (glo piases
FB S asls slm by 0> ATP il 5 9l
FX)oh ey

a3 m oS 1 odlizal (35, Slujed p ogdle 0jel
3 okl 3y90 88559 L dgme g 3 Shes (13
odlitul 3y90 ¢ JaSo Sy (lyie 4 juir O (0) cul 4B S
((NO3) JI e it sgbs o8 2,80 )13 LIS
() S9im e €8l (b psbma Clm 3 g cul (VL
&S By (V) cwlmNO3 p5 WF (gobs juiie O ) pa
» Slpmie Gl Sl by 09 (e Spas ~NO3
4o 0 e g 1S9, Sl il by led i
S S A A) shrie Ll (NO) wlus] S
o 475 g 0570 ) odne sl lamo > Cuji
S opd b Gigis sloaws] ple 9 NO & b oo
Ol iy g bl 1) 018 (s (Sl b lad Slae



eeey )10 359 30 (59 505 Jolgs (B i 3 g T (B0 JoSo il

R .

Lodly ] ySewl
.Io}g).n SleMb! sus W) asJllas 4 .))]5 &Ylo lef Cye

b gyl g (g

53 oad cdl oYl

FOA el slaolSyly

v

VYVi)),S5 SWle sl

v

PO EI I

YY) onds

v

b 3l oad Bis SYlie

TIViosSz 5 olye o)z

v

Gk ol o (o lalllas
WWA: JelS oy

v

s ddodonds i Olallas

Tl (Sogey 5l oolazul
al>las 34> g pus
FFis509
Ais 390 aalllae
Vi, anlllas

v

st adlas s g dlieYd

Sldllae Gl @)lagls V= IS

sl

e b5 3ge)] Y g adllas YA L ils adllao (slaazily
WA) e Oyl e VFe (slajes j0 jaiie O Gyae dad
Ol esl paje 5 b oo 4 VL g (NO3™ Jgo i
Conliiol g 3Slas (B wilinie 5 @ilon Ol e
Sy Jbgme Lals (Gl sT el gl Mae
Db ohlS59 ) BB Glps g (53 HLid L

Research in Exercise Nutrition, 2022; 2(4): 33-49.

9 l) ol ’M .,\.&:‘5;» Wlis L)”‘ 2 ﬁdl).:l.u Lloduis Lfli))‘
&) GleMbl &S cuwl duol L b 5yl ).«)l) O 559 (59
hSS5y9 9 Oleye (B aTCunidpid lp el
Sl e )

u‘*"“’d’ﬁ)

oololy & cul wepllss (5y550 adllae o imoR

VY olo 45 g abyS wuigwd)l ;3 PRISMA - Josllygis

1 plodl
Yo godims (w9,

Pub Med, Google Scholar, cV¥is oKL j
Sloj ok »» SID 4 Scopus, Web of Science

el LIS 13,5 olizl aslllas ) )3 Yo VPV oYY
(“nitrate” OR “beetroot” OR “beetroot
juice” OR “beetroot juice Supplementation™)
and (“Athletic performance” OR “Sports
performance” OR “aerobic power” OR
“anaerobic power” OR “RPE” OR “Borg
pressure perception index” OR “HR” OR
“heart rate” OR ” blood pressure” OR
“Antioxidant defense” OR “MDA” OR
“Malondialdehyde”).

Cat Sl S O ey JoS" )b Sl Sl
M Bt il st s 3Sles” M
st ol gl Ml s Ml Sy asls”

A odlat] SYle gomiws (lp sl (o> oolle”

a3 5 E95 93959 SB)bre

See cpl ol pils imgh 4 OVlEe Ll (glslso
3 Vs —Y bl byl el 5 sl VG —) 1g,
s Of g 4 ba ggesl =Y il YoV B YNS Sloj ojl
Wl 313l ggel —Faisl 03,5 Grme (6,505 JoSo
39 3ylge cnl Jold ol 3aid jl zg s (slajline AL
V.olosen JoSo g3l edldtul =V il (gy5pe YR —)
Y2 olaw @ Ylie (6,5 Jbye 5l dm o (sla dge;l I ol
POl 385 2l ooy g adlae sl iagh (ole Allie

IREAW)



1FeY sl <Y o 5lodi pgd Jlu/ (o3 59 415 40 g

ol 3aios 4 00l 5 )lg Sldllas 1Y Joua

b§53' uA:-lM:

=W P oS0 ke g j9d o (JU) cyme B J5g0;f 35S 5 Jol akiamn g 33
o™
VOomax 33l n=10) Jyus
¥ o O 2l e YO i (YY) o) San g Bl
; oads 53 Yeovy ey )
ol TAC, win Carp i) o0 (V) sl
MDA (0=10) (%
; ~he ¥ )l JgunS
b sz U pas " g3 VY YeVe) ol Sen 5 o
RS EEE 5 U s 7 (Jye VAREVAFY ot T (F¥) lison s & v
e 3ySles : 035 (o5 () sille
Sl oy yod
. - ¥a) gy 5o .
[ o ») wT R Sopel "o Sam LSS
oyl Ji cslo ¥ (p)5 YEVEYEVA V.ODEY- AP S 3y ST ¥
Silonis 3,kes - (W ARARY:
S s e ialS £.0) e o 456 0digd VY
2 )P ae i Joeishes #0) 5 i A o Lilol ") o g 50503
ooy Liuljl s 30 (3l ke V-NO3 ot (S5 ONEYSY 5 09,5 Yy grelial P ¥
Sy 39 @75 9 IS
g 2 ostae b pae | ol e VEe 5 Y
. . . L ol hlSen 5 500 (e
§ Sy Sjlop o oyl Jd celo ¥ juiss Y.YVEY-.00 ) YYEY. P 03,5 (pyed 3,82 O)(F-¥Y) o
Sl sl
(0=7) Js
o O e Gl | Fee)sie $ 5. o) wolySan 5 il
[ERC BT )iz JoSo p)5 Y DEYYAF S - | oSy Ol s
o il ¥ el oS e blgw 8 299)0075 (F)Y-YT)
n=5)
— o le b so138] ;
S OF B RE s ) i ) e V- , 03,5 3py03 350 10 Lolel ) Ko g 555
OSbe g 29l silen T ol S VSEYY Y \
sk (NO3™Jgo ko (sheglie (VJ(Y3A)
Sl Oy
e Coolitl iyl o e Ve = 1o
& ol = n=¢ A
o = (=) Jy=s OlphoKen 5 485 on
3,0 Sy ShalS i) —shee ¥uV) i Y.ORYYY yivs AF-TY) A
6955 dgu wdas 59, Y (NO3™Jsge (n=F) (s
o eS| ; . B
2 Brae HieS dee £X) s ol e V- ] YEESN o bye o1l Sam 5 50
Olei iuljdl i L (NOxJ IXWARCE) Sy 905V - ¥-) a
S 3 .. Ve
Sl ke Y50 o
. Sgy Cap (Fhgr oS ¥ n=yy
5 3L 3ySlas 2940 N ’ ( ) Joso ’o‘)liw L
o Qe (o sd 5 pSY) VEEVY A WORTY.Y Ve
dadls cub b Tt s =) L ()Y
S pgefl 31 LS aids (n=11) ledg s
2 Sileo 5, e iolidl [ OFN) e O 2 1S55,9 dy0 Vo Vol e o
OSle Sz al58 ) pisz ¢ _)MU“‘ s 55 AR HKbinp 2 olSen 5 s "
P ogy 59 04NO3™ Jso e e (Y NF) eSSl

1-Sinaga et al
2 _Conger et al

3 _Fernandez et al

4-Cuenca et al
5-Behrens et al

6 - Vaccaro et al

7- Wylie et al

https://researchinexercisenutrition.com




25

cee K3 59 30 50 s Jolge B 9 9 ywid> T (2O JoSo il YA
3 Sdos I gxe yiul3dl Cay g pyS ¥ .
eE P R 225 05 ke ok 53 o1 53 il 8550508 | (WYY VA) el Sy W
b oS gel 3 o 393 W¥ )
NPERNIN Y s o g VY- ~
Puane | e ol o3 SISV | ol oo 5 5T
— e S pas (Dl (NO37p 5 Lo A-+) Vvokiva YY) W
’ 03,5 (WW)(Y-yY)
Jid Sy sl
b gy tals :
) ke ¥0) jusin =y,
el ) e g ozl ke /)’ o o o (=1-) Jose el wohlSan 5 ok,
i S sals | lomoi eSS ey oudi )53 oudi )55 (F)-1Y) W
PIEER o s (0=1+) Loigls
A5 ol ©ya8 ildl
5 bl ol Sl ;
siie ol e V- Lol )50 5 0l
b Mae el | 7T ’“{"h VALY AY Yavivors Jub o5 0¥ TR O s ¥
- S (s oS ke Fe ) (Y0)(¥-¥v)
Brae oSl el
35U pas iy iz Ol yud e VF Wyl "o Sen 5 oS
2lpe dbn gy | e LA odts 55 YSEYYY JSijps 350 VY PO OIEER Vs
2 iy 3)Slee sl (NO3™ Jgo o 1Y) (VYY)
S ol
Wiz o 1) b FY-
' P2 _)“Jul“‘ ' o an 5 gl 5>
sy e Solee i3l Y(NO3™Jso Lo A¥) oL ,Sd YEYAY 75 00393 dpa V¥ %
) (Q0/LRARIN T
J9)
2908 gl a8
Oil38l gl sbrosiiSj .
il glagls co o AT RUSRRULSS PRI e
— e YAy obi5 )5 VSRV 3y0 1S 5055 Y A
2 s )i g4l i (A7)
59,7 (NO3™ Jge
il KS ol Lol
Al Jgb )3 (S
Jones ols Ltalsal ]
IR 0P o) i e V- - o 23,5 ped 3y0 1D 2 Sen 5 15,25kl
) Ol‘} uf..hL(;E?' NOs oS /SJ oS )fb i < AR
L2 Ss . 2alS (NO3™Jgo sl s (ARVARARYEMLY
) P ued gy h
(D=Y ) oy
. e 1) LY 4l .
WSiloms oy i3l b o e (n=1+) JoSto 0208 olrl s lsale Ji
. PRSI E ot )55 Va-IA v
Lis Sy eals ’ (¥)(v-vY)
< F (s JySn=)e) JoSe
(n=1)
T ol A iy O ) o) o Sa 5 355 sable
‘ -~ A ¥ o
sasls Sl | T o YA DXYEYED Wl s o u()V\)(Y ’w’;"w T
K .
S g (S
Sl oIy GlB s ; - N
ol il 5 (:Sike iz ol A e LAYV XY - DAEY- - Candlligh Sl FY COReR g SBeR v
sl Srud asls 39 (Y)Y -¥Y )l
38des 5 silor ol
1 - Frick
2-Jurado et al
3-Kent et al

4- de Castro et al

5> - Pablo Jodra et al

Research in Exercise Nutrition, 2022; 2(4): 33-49.




e o 1FeY sl <Y o 5lodi pgd Jlu/ (o3 59 415 40 g
LS 2l s
Cawd (58,5 €08 dgups
Ae 8 6,0l Can o 5 p)S Ve 1pgdl gd
PRErmm S 0t e Jj 8 YYEYS YA ADVEYAAY i S oy T st < vy
caidlsy slaadlge p 256 ) (VY=Y )’ ooy
OS]
@l silo oIy ol
s> VO2max )33l S o Vee = ol en ¢ Laalles
’ R ke Ve Jyt Yy AARYS A 50155 VY OUPeR 5 RS ve
g 5 lom o2 ilis] S wg)y (VE)(Y ¥V it
37 J)SL\.C
5158 o Slae 58 ]
S Juﬁ)ﬁ AT s
el R oot ke YA i o1 53 £X4YAD 5 il 2,0 1Y PR va
St halS 5 3] = (YO)(Y ¥+ Jlglou o) Siam
FES ‘(N03 Jy
SHhas
ST s b pe .
u)““f )%.):’ s Ol yid e VA Koin iny s,
2 e (NO3 ™ Jgo deoV5) 1200 o1 53 VEvY et 9T %
Mg Galyldii ’ e (V2)(¥ Y A)LET e
. 393 A Geje 90
ol o8 Hgless
5 s pals -
7 oS NOS Jyei e ¥ MKjpe 0¥ Sin O Ken g (Sl
plosl g )3 Lt S 3 VAZYY.Y VAEYY A N v
Vb nd b (sls (e s NO3™ Jgo Lo VYA T (VX )
2 &l sk Sl
W3 slaoasls s ol VF. e S S A
ST iz ol ke ords 53 YYEYVAY ok (YAYY+¥Y) 48 5% oubls | YA
Cpdd ke iliél NS 03,S
K g3
O8> L8 ) gee ralS
3w g Jud Sgtunms
Jbys il ¢ g0 Bee) ydii p)S Yoo Yo 5.
oS R o) S id YX VAN AY YAREYY ¥ o (FFY+) ohSan 5 o8 | YA
Sl ogajl o B b ol oS e S350
2 ki Sy by piae
oghS V.5 Cilus

! de Oliveira et al
2 - de Almeida et al
3_Garnacho et al
4 - Wickham et al
5-Jiagi et al

6 - tatlici

https://researchinexercisenutrition.com



eeet 3103 59 30 (59 505 Jolgs (B ¢ 3 ik T (B0 JoSw il

SlacnSan wnl g oogde (YFYF) 2 (St (esbyls
2 Josdles cloogS | a2g B jlie g RYR
awdd ol onl g s olEl Slagsn plo b awlie
L NO (siluslil 5 RYR g¥gue o w5 o Sty
Gy §| oy e oLl ial3él 4 wlgs o Ca™ alauly
2y 58l slaoliws 4y NOT3 (YY) 18 S NO3
&> ol (s Bb gaxs 5 Sl eMas Sl b
sl &S Lolge md o LialS |y land g (ADP) wlaws
TA) w25 S| Sl Mae )3 (St (5y0uS 390
b Mae o8 ol NO3 JeSo ol 0 ogMe (1
015 g e jiiw 4y Cunl (s g (Fr) amd e 138
S 3,8kes 5 958 2k 5 (FY) Geped slacas o (PC)
lopll 2 55 s Ll cely uiin O G s (FY) a8
Ol 4 g L) 2900 (oLl A5 g (Sl CMas 4
Gilojl oS dgase Jole G yjnST el a5 Coadly
2 Gl (San SUSY (GHluSly 5 Cunl Slind g5 il
4 o8 Ol dge (FFFY) 2K 18b Mae 0,08 W)y
Cya8 Laes g gy sl Gl (S ¥ oggi (SMae slayud
aglia (a5 5 3,Slac S 4 e Cales > 295 dluie
Mas Coliiwl 294y ( SMas &)a8 4 oM (FB) D4 0
21305 23 NO 285 L a0 g oo (taglie 2 p05 Jobo 5
sl Jl 55k 9 Boye 055 LS Aoy & (5 LS s
L (YY) phlSen 5 o Jlie 53 (F0) 3 48 o9
JomsS Bz 3> iyli5 03,5 oy ped s yuw 0390 VY dalllao
S Dygo & oped B akds e (Jge et ¥ )l
pie cle (V)25 (B 8g> oy 3Shas 6yl (slalag
b Jgie 59 lllas b Ken 5 plo adlbs clhs
b jatie Ol Brmo o Sloj alols 5 Sl by j9 Bpas
Oy p sy ol JoSe uto Sl Slalllas 58 o)Ll (o5
cle (FYSXONE) wless IS |, ohdi coilen
Jole il @ olgie BRI Gpae 5l (036 (slon ol 2ol )
ol boead b LS gy ol & 08 ol
ol Jole &8 18 o U |y (AMPK) (gsils clindgise
(55) el 8] alide 5] oo (o)l sorlas
S5 0aS Jlb 08,5 (psmdlyygind 5 ol AMPK

Research in Exercise Nutrition, 2022; 2(4): 33-49

S 75 4o 9 Sy
Py ol oS Gpmn 8b oy i b ol iaghy
2 b plsl 855 0 @ Sles Jelse Sy 5 (BRI)
o (Nae 3Skee 5 18 patie Ol JoSa 136 350
o) 5 sleS 50 WY g9y adllas b (YeYY) olKan
—ube WADSir Ol e Ve Bras o S am
cloosiSb HolisS zgl L)l cel £ a4 (NO3™ Jge
P Hae 08 ol GRlEl slagly oy (IEI il
(FY) 35 21 Jgbo 55 (Saus (a5 S8 53] L
35 ued S (S A edlln L (Y1) (s inan
ol cel ol oo wy iy Of 1) be Ve By
OB Sl Gl il glboil g > ol olsS
e 3Shae 5 0,08 il cle (BF) 2550 Sy
Iy ool 5 Shes Wilg 0 NO3 & sily alis opl Sl o
b 2l oSy wilats wad ialdl Sl dlas )
21 cul don g J) G Sl dlae > Ca'? bl
Juo Glse 4 Y aton wlades b vlge NO- 4l
b (RSH) oxi50 Jss sy sloog)S (5ol (slaog S
Jssisjars loeg)S b ams gl (RST) Vs ool
S- pb 4 phewsy wlp K » |, (RSNO)
. (31)as> s nitrosylation
dSles axmi 9 Wl S denitrosylation
LNO sy (Jlo lyis @ (FV) wimdio et |y ooy
SMae » S -nitrosylate pjge e slvo o
~(o Ul o Gl el & cul oad ()15 IS
ALl b by oSy Sl 4 arg L (1Y) 298

5 S-nitrosylation

i Wlo oS g9y e Sbrosla Sb 4 wilyi
peelS JGSl (SR) - andlysullsSilo aSid oingys
S- el Bl s has  (SERCA)ATPase
g ol oz o0 oLl il b ¢q, p Nitrosylation
2 Sy ol s (RYRS) (uaglly (slaos,s
OiSanyy 4 Vil a3l G s Sl ol Wsd
s sonld 9 (ROS) Jlb (3081 slais NO

1 -protein thiols



1FoY Wil oF o 5loii g8 Jlu/ (i) 59 MR 3 Lidg R

g hb nl 2 oogdle (00 ,0F) wmde (il 1y (855
lgie BRI JoSo Gpao 5l s RPE Lis o cuils
bis oliil > Slas Jds 40 55550 y9590 oy il 4
50 2533k 3l S RPE 1502l (ye Jobo 3 005
wba Sp ol il Kol o ame gl
3L 4 borye lolas) 5l a1 b 5gd o ool yd jao owe
Dl s Sl Jsb o (08) 18l pky olSel S
G ey il eximd i Casl oSee RPE o)
3fes > oyl B0 s nlS (& Wil 555 e
Olg & dgi ol bl U cusl p3Y cMae  slal
O Ol GRIBIOY) 31 529 ) Lais lp (S (295
N om 3Mes dgu0 9 SMae RPE als )5 wlgi o 52
S Gl 5l (0F) wsl asl is BRI oS by
oyl S aulgSS VY adlas b (V4YY) oK 9 (oSl e
ke Ace) patie o ) e WY+ Gpmo sl (5158 w08
5L S5 bgme Bl ol Syge 4 (NO3Tp 5
Spas Jlie )3 jg) 10) (23 JoSa Dda g jo3 )3 glis (FA)
A5l 5gb Sl b ysunnl e Llgi o ((slalng S5

spol dlon I Gls) T olSy Lol gie BRI
(58, ol asdgighs «SJgid duwl dmnsdgiig)ls o SygSn]
NO 4 NO2 « sl 3,8 o)l5 cldlas 5 50 .59)
1S o 23 [y RNS g ROS 5 03,8 Jgo | b JSool) conss
(Y 5) cawl NO3 st sl @l gl oims olis op) &
a8 st juiir o oS (dlip! Tlapplnlss o aep Vi
(Y) S o clablne b oy 9 bouSe, DNA ol
B> JoSo 9995 o0 (ST oyl ol el (G culla
(F7) 5 oo s S sl 3l slaJIaly (68 JS ) sy
Y0r Gyas 53 ol (VoY) o Kan 5 Bl Jlo (ol
5 pb s b il el aan ¥ ote 4 e of il e
» (MDA) ols) oyl pasls jiald 5 Sl
(V8) 2900 (G4 S plgoatils

Sl S il 350 VY aalllas b (Vo¥+) o San ¢ 45,5
a4 (NO3™ Jgo ho VWA) iie O il oo VFo G yima il

4 - Betalains and betacyanins

https://researchinexercisenutrition.com

(FA YY) ams o ialel L(PGC-1a) "WI Y LS pgpnsly
9 (NRF) "l a5 Jole olo JyuS L PGC-1la

pedgtlie (Lol Sl 0alS ol G lyis & (TFAM)
NO73 JoSo (b0 F3) 25 0 Jos (6388 50 Fom 9 555
5 bt 09 o7 o & NO w5 s sl s ol S
Mo e Caenl Sloj ggdge cnl sl (5euST am 3
g Sl e SO 4 e (ob sk (b)) 45 WS (e
peedplie SalS o] 0 & Ll g8 ol SeuSsle
ool (0Y) w3 e il 1) NO Sl i el NO73
>Skas > e (St g9pd 53 y3b el iy (5]
FATP US4 (o551 g Galjil & oo 5 29800 (o559
9 D iy 2 dediee il Sdglie lajue G5k
4 e il Splie Gy goypd 3 3L (SYsb
3 2090 ATP sy (el o 3500 (5T o S5
Biy9 2)Shas w1y o NO3 1 oolieol o )3 .(BY) conl
0381 9215 (Bgye 3)8Mes )3 (ke Wi 1) i dgue
Iy ol8l Bypas iemSt Sl ey o Oae & (6w
Sl 1y 55y Job > ST Bpas g o Sl
OS] amd e als ) ATP agie s)lse ol o o
 GMas (Saud g9y g w300 (Il ) ©Mae 4 Sl
ol g ST Bpae Jial a3 jlul oo 36 @
OY 0Y) 305 o SY Wy b cel ATP ayjn
wornt |y RPE) Jlib Sy 5 iy o oo b clillas
W aslllas b (Y1) oyl 5 506,8 Jlie (s (OF) 5 03,8
Jgecsee £0) BRJ G e 3l 5155 toliiw] ass os593
Jid Sy el el ey V0 Gte 4 (i) e V-NO3™
BRI 5t ol Sow a5 Jlois! (sbopuuilSo (VA) 395 o0
e 2 09> ol GRIB Jels s s |, RPE (g 5
b ) GpSpread 5 (S S &l jhe (8
3,Skas Ylainl g &S o SaS (3 D S)d &y 5 A5

! - peroxisome proliferator-activated receptor
gamma coactivator-1 alpha

2 - nuclear respiratory factor

3 - mitochondrial transcription factor
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