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The Effect Dietary Nitrate on Anaerobic Exercise Capacity in Elite Female
University Canoe-Sprint Paddler

Yui TANIGUCHI", Kai FUKUDA?, Yukimi FUKUDA?, Yuta YAMASAKI*,
Sumiko MATSUNAGA® and Satoshi MATSUNAGA® "

Dietary inorganic nitrate has profound effects on health and physiological responses to
exercise. Recent studies have shown that nitrate (NO;™ ) supplementation via NO;- rich
beetroot juice (BR) preferentially improves vascular conductance and O, delivery to
contracting skeletal muscles. It is unclear, however, whether nitrate supplementation
would enhance anaerobic exercise capacity. We examined the effects dietary nitrate on
race performance and anaerobic power in the elite female university paddler specializing
in kayak single 200m. Kayak paddler and track and field athlete as a control subject were
administered BR ( ~ 6.4mmol of NO;™ per 70 ml) for 21 days. Regrettably, it was much
difficult to make a fair judgment on the performance between pre and post race time, as
the environmental conditions of the race are greatly different. In kayak paddler, though
maximum and mean power during Wingate anaerobic test (WANT) could be impaired by
the repeated WANT, BR supplementation for 21days could keep them at a constant level
to the second WANT. Though the heart rates at starting point of each WANT in kayak
paddler could be increased by the repeated ergometer exercise, BR could keep it
constant from second to forth WANT. These data therefore provide a putative finding for
the dietary inorganic nitrate for 21days induced improvements in anaerobic exercise
capacity during WANT in kayak paddler.
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HAXR—RTYUMIEKEIZIEARF2HX— 9 BEA—FICRE2—IL, BRRETICHELNTT —ILE
TOEIEEFSIHETHD, G TEAIVEVIIBED—DTHAHY VI )L 200m (. B>
K[BZEOEHIZKVAALIZERLSD, BRERAOKRRIZETARELFNDS A LIX. EF 42 ~
45 REBRETITHON TS (VA TIOryRAB-FYVEVILEE AR
A& 39.864 # ) COHNVYIL VT IILEF 200m FIRILF—HBRN DA -GS . EEE Bt
BELABFHEHOE S, 7:3 LS TS 9, Tz, AX—RATYURDFHEE KX £TIK. F:&
DORBETOL—AMN 1 BDSLIZITHBIENSL FHEFFEHDER 12T —LTL
HIENDL BE 1 H3 ~6ARDL—RICHETEHIEELD, 2FY, BEMTRAENG D%
WELTHL—RE, —EORBEBHZIESAEREITIAX—R TUYUIRETIE. SaEEEIC
BITEHIEFDER 2 TEIDRYBERL. ZRIERL—R LLEHRBFICEVNT. RED/N\T+—TY
REHRETEIMYRADBELEINTINS,

BEHROHEMIEE. EFBEMGEEEZESIATERICEETHY. IIF5SNAE] TLAER]
TE—RIGEWEBENEEICEAINTUOSHRETEID 60 ~ 80%IFERMINATL 5 ¥, #OE
IMENT-TEHERIED 2L, OFENTHEBEEAAY (NO. ~) [TEIEL 29, ZD&., SHIT—BRIEER
(NO) ITETEALT S 250, ZOKSIZEESNT NO (TMEZIRSE O, R TOHRAK R
FIILHELI-RBIERESEDSIENMENTING 8, 2NDIE Mo, BEMHHEBRIENEE/N
TH—IVRERETDINTADI=VIIARYTYAVLD —DELTHIFSNA TS 1629,

EARDE—YDERTHAIE —FIL—MIIIWERRIENZCEEN TS, COE—FL— +EER
FAICMILEZIE—ML—FtDa—X (BR) JlE. HEIEZZ<(EHEL. RN TE <HHRShTLY
%, LOMDEITHAETIE.BR #EMLETR—LOABRFEHEENS RLTEHIEARES
nTWp 57, —3 BR{ERMNEMREBEMHEENICRIEITEZEICIDON TUESBORECPEHE
Wo=7arIILDEWNNSNTHF—IVRDOFE LTS 2, QM LEL %Ly 20 G ERGEST-8EMN
#Hoh, BR EEMEEMRMNEESEENEDERICDOVTIERER SMEShTIELEN, -, Th
SHDHETH BR DEMEIMIE 4 ~ 6 BREEWL>-LEM EHMOLOTHY .. REIHA BR {E
WO RBEREESRENICRIFZTHEODVTLRALEFE EoTLV5,

E|EEMDEEFEENEZMNFEIZEETEDTAMD 1 DI, 94U —MEREERMET A (Wingate

anaerobic test, LT WANT) BZ(f5nd 19, WANT (&, BELFRE 400m FEAOH k O 200 ~
400m kD &57% ., ERE CTRFEMNLGLNT—ZLBELTIHREDOEBRRETRIL X—1IGEENZET
M9 5AEELTRLDLNATING, CRIEBEET LT A—4FRAV: 30 RERAZHTTORSY
YO BEDLEREIN, Bon-RE/N\T—([LEBRE/ T —%,
TN —TEBREUEREEZRMLTOSESN TS 1 LHLENS, EHETERN /S
J—EpELTHL—RE, —EDKRBERMZESHAEHEITIAXR—RTIULHREO REBM@EIC
A, AT RRDWX—FREBIZEIRME WANT AL [ REERTIUL G2H (Repeated
sprint ability: RSA)] 2", KA DIEERIREIAEEH DR FTHEEE. 7100 bEHD/NT—HiERE
HZRIFTHEIIODVLTORFEIThh TV,

ZETABRTE, TV—~AX—RTY ML FREFERFER]RIC, 21 BHREOHE
232 BB R NERA R FREAE T~ R—RF O RBRFEED RN ICRETHE

EOROERAHY YIS IL 200m . BT WANT 2RAN-EREMNEEREHICRITT 2L
[ZDWNWTHRETLT=, £-FEIC. SR TREMNGZ/NT—E2RELIImBEEEHREITS &hb,
HIRFERFICANEREER T MENIZEDSSLBEEEZEZ HMIZDNT HEREZMA T -,
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23 BLUT (2019 &£F ) OBARKREFTOUYIL 200m #EMELTVIEFAEE 1 4
(Kayak paddler: LL'F KAY) (Age: 22 years, Height: 161.0 cm, Weight: 60.2 Kg, BMI: 23.2
kg/m?) &, AEBELLTELREOARRIFHEEETHLILFAELE 1 4 (Track & Field Athlete
:LLF TF) (Age: 21 years, Height: 171.3 cm, Weight: 62.3 Kg, BMI: 21.2 kg/m?) /&0 L=,
BR EIHMPIFEBREDA T - D=8, AAh#FEENELI-EBZHRETS L3IERL
e ARDBELEFEEINSBRELRELSHNBREICT2(CERAL, XE TR E%B-LTH
RE(ToT=. GEARRF. BRAELREEZTARBEZEROERRBDLET bht,

2. E—hFJL—HMER

TEESIEEER D 1= . BR M 1 DTS Beet it (James White Drinks Ltd & ) % 21 BfEl. £ TH
Bzl (18R ) (21 BHEYIAEROERSE (70ml AY FEERIE 284mg &8 ) > 1729, 11
H.ATEBOAAERA 2.5 BEAINC BR ZERSE- 2, #REFICIEBERIA. RUAIER
FHEBRIEOEFENBVEY ( FINAE. 6 BX./MIELGE ) . RUHT (-7 )La—
JVERZEEITDESITIERLz, £ MBEMO®XROR / MEEMRUVER SWMYDFEAE.BRE
BOFT#R 1 BELARIXITHAEOEIITHERLEZ Y,

3. BEAHE

(1) 200 mAY9HIRTYLREL LRSAT L

BR {EEAT (pre). 1% 21 BRI BR {EE (post) [Z. 200m Lo LAY IR TILRD B4
LSATIVETo12, 30 DEDEMD+—I T 7y TE{To1z%.5 SEDOKREFEER ELiz. X
A—RBFEZED /AR ILEKFIZDFDELSIERL. AF—FERNSENTDIA LNSATILELT
i, T, TAMFDOFRRE. M. [UBZ R L=,

BIEEB L. 200 mEDRA L ERE, RUDMBHKEL., RE. RTMBHIT/N—F—F £~
H— (H—3 4t & HRM-Run TM) ZAWNEIELT =,

(2) REMRTIUREDTAE

pre. XU post [CHEZE T )L A—4 (Ergomedic823E, MONARK %124 ) ZFLY, 4 [ WANT
MoEHEND RSA #1701z, TAMIZ 5 REDVA—IL T TvTDHR. £5H RFVTEHIR
EDHRED 7.5% OERT. 30 HETHEHE. 2 HEDOEMKER ( BHE 3.5 km OU+—F>
J) EBIEHLT 2 NEIDEFHMKE (FFEGIKE ) D&, BU 30 EE£AHNR
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TV T EBWBREDERED T5%N AR T, 30 BETLEHE . 2 FEDOBEIKRR (FHE 3.5 km

DIA—FT) EBIEH T 2 DD FHMARE GEELIAE) D%k, BU 30 S ARSTY 41
VI ETEDER, CORKREYUTEBEIE 4 HEDKEE 1 wyheL, ThE 4 U0 %2T4HD
B, CORARRE) VT EBEIE 4 HEDIKEE 1 EykélL,. ThE 4 Yk

'y 727z (Fig.1), BH. BIEZTIRIZHEREIIHL T, DY RILOESERERY ) 1701
(Fig.1)o BE. BIRZITIRNBERE ICHLT. OV FILDOEIEZRIRFZYTLO VT LHOT
MBIty 3L QEBEFDITYRILMSEZLEITHNE,. @4 BHD TLMIBIZEYNT BT
L. QEBHDIIHRILMSEZE LTI E, Q4 [ElHSD WANT [ZH WANT [2ENVT, R—RESF
29 1 EE® WANT OEEIBIREEAD 4 BIHO WANT #£7T
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Fig.1 Schematic of experimental procedures of the pedaling and rest during
repeated sprint ability test
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Fig.2 An example of a heart rate or an oxygen uptake during repeated sprint ability
test
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BET. RABHATRIYU T I BH5IELEERLZ,

RSA FILiDE# (HR). BRERE (V*O,). /37— (Power) Z&HBILT-, EEH D HR D
ZALIZIDEET (LX-7120, 795 BFHE ) &, VO, [FHEIFRH AR ITEE (AE-310S, 35 FE
BEgd ) ZHVTRAELz, £, TILTA—2ZANTHREBEIN// ST —IX 5 #48F (Z5E8RL
f=o RSA HDBIEIEIZEDHEIREZE Fig.2 IZ7RLT=,
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1. 200 mAXR—RTY UL LNSATIL

KY @ 200 mANYIRTIUNEA LLSATILDFERLIRIEE A% Table 1 [IZRLT=, pre TH
ALlE 44.2 ¥ xKDIBE (HRmax) 169 8 / 5. x&mAE—F 278.3 m/ K THAHD 3L,
post MAA Ll 46.3 ¥, HRmax 166 8 / 3. & AE—F 306.7 m/ 3 T&H 1=,

2. REHRT)UMEATRE
(1) RMIFEIE/ND—

REERT)NENTACEDRIFIE/ AT —% Table 2 [ZRLT=, KAY DERK/NT—IL, TEEE
BROEREITIE 1 2yrBbotybciEERSTE 561 W Mo 487 W LIETLR-OD IZxL
(100 — 94.1 — 92.0 — 86.8 %). 21 BHEDHEIEZEOERKRTIE. 1.2 £ybE (100, 98.5%)
ELIZEENK, 3 BB UBEXRECHAD LT (- 79.4 — 70.4%), —A . TF [FERAETHRE
HITEYMIZEERSTLZDEFFBAOLTOE BOBERICKDIZELIEH onih Tz, KAY
JTF &3, FHRENT—(2DOWTH, JRA/NT—EREIC, ERIET (ZEybaEmIcEOE
DHLIE-DIZXL (425 — 348 W/min), FEERIBIERZR (L 2 B E TIE—EDEERLI-—A.3
yh B UBEIERECH DLz, KAY OF/NT—3I5 LMY REIZOWTH, ERFTIE Y IDE
MIZFHEVEDLEZDIZHL ., BEERIEERE (X 2 2yt BETIX—EDEERLIZA. 3 yhB LU
FREHV T RELDELDIERAHDNT=,

(2) A%

REMERT)UMEATACEDILEE%E Table 3 IZ5RLT=, KAY, TF &£(2, HRmax [2DUL\T
(FREBRERICHLTH. REER TV MEAT ROy EMIZH L THEILL  [EHL LGN
Tzo KAY DFEHLAEIE pre D 1 £yFEDEHIMEEZRLIZA., TDHIZ DLVTIE HRmax &
B TH>Tzo —A.TF OFHMEHIE. BEIERICEAbLL Tyl OEmIcHEOEmL -,
HRmax 5 EMYRETIE, KAY, TF 412, HEIBEIETERE £I2, By MIOBMIZHEOED
Lt=. &V bEREED DAL, KAY (X pre TlX 1 &y FENSEYNIEERDTE 95 A/ &
M5 141 38 / FEEMULIZDIZRL. post TlE. 1 yBEIXPAEE (105 85 ) ZRLIEZAY. 2
TybELREIE 127,131,130 0 / DE—FED BEZ KLz, —A. TF FHEBRERICEHLLST b
HOEMIZHEWE Y ERFEFOD IS (XML,
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Table 1 Kayak single 200m time trial race

pre post
Time SEr 44.2 46.3
Wild =peed m/see 3.0 3.0
Wild direction SO West-southwest MNorth -northwest
Flow speed m/ses 0.8 0.7
Flow direction BB North-northeast MNorth-west
Blaximum Heart rate beatafmin 169 166
Maximum Speed mfsec 4.6 5.1

Table 2 Power during repeated sprint test



Maximum power (W)  1st
EAY pre 561

(100%)
¢ 567
PO (100%)
TF 516
PTE  (100%)
497
Post  (1009)

Mean power (W/min)
I 425
RAY - p (100%)
post 444
(100%)
TF pre 379
(100%:)
post 221
(100%)

2nd

528
(94.1%)

559
(08.5%)

463
(89, 7%)

430
(86.5%)

395
(92.9%)

428
(96.4%)

324
(85.5%)
212
(96.0%)

Rate of power development (W/min®)

KAY pre 701
(100%)

t 0
post  Shith)
TF  pre (160

710
post  (1000%)

KAY : Kayak paddler, TF: Track and Field athlete

66.0

73.7
(64.2%) (105.1%)

Jrd

516
(92.0%)
450
(79.4%)
397
(76.9%)

410
(82.5%)

363
(85.4%)
360
(81.1%)
285
(75.2%)
202
(91.4%)

(1151%) (@3 5%)

92.6 99.3
(125.6%) (122.5%)

86.0 82.0
(121.1%) (115.5%)
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Table 3 Heart rate during repeated sprint test

4th
487
(86.8%)
300
{70.4%)
389
(75.4%)

383
{77.1%)

(81 9%)

324
(73.0%)
79
(73.6%)

206
(93.2%)

60.9
(86.9%)

{4%.53%1

55.6
(75.4%)

63.8
(89.9%)



HE max (beats/min) 1=t Frad Jrd ith
EAY  pre 164 | L2H] 168 67
post 167 168 164 161
TF pre 173 177 178 182
post 174 176 178 179
Mean HE (beats'min)

EAY  pre 134 154 157 159
post 146 LAG 154 148
TF pre 145 154 160 172
post 140 152 16 163

HE at a start point (beats/min)
EAY  pre a5 127 128 141
post 105 127 191 130
T pre 101 124 143 156
post 112 Las 140 152
Rate ofl HR dnvﬂ]uplllenl [heaa Hmj]]z}
KAY  pre 752 49,2 s0.8 389
post G685 516 446 431
TF pre T8.0 G5 4.1 38.7
post  GBE.9 458.4 48,4 404

KAY : Kayak paddler, TF: Track and Field athlete
HR : Heart rate

Table 4 Oxygen uptake during repeated sprint test

";"ﬂlz max (mlkg/mind 1st  2nd  3rd  4th
EAY  pre 308 417 386 450
post 381 0 441 402 405
TF pre 414 328 348 358
post 288 306 316 316
Mean VO, (mlkg/min)
EAY  pre 2065 23.2 236 249
post 216 2B8 268 48
TF pre 178 235 219 244
post 182 219 215 226
Rate of ":fl:h development (mlkg/min)
KAY pre 602 447 473 502
pest 499 0 BH16 531 564
TF pre 837 475 836 372
post 531 4485 864 550

KAY : Kayak paddler, TF: Track and Field athlete

\% Oxygen
Oz2: uptake
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2. EYMIEREDTEITEML, BB BICHEVERRROIRILF—HBERIZY
ThLTL - F=ZEREEEINT- (39.9 — 41.7 — 39.6 — 45.0 ml/kg/min), 21 BEIDHELIE {EER
[ZkY. ZDEYIERDTEITEML Tz V0, 1% 2 EyrBZEE—YICZDIE [EiflEh -
(38.1 — 44.1 — 40.2 — 40.5 ml/kg/min), —7# . TF @ V*O,max [SHHEEERIZE Hod yb
DIEMIZFHELMEML =, KAY O VO, D 1 ZRETFEIL. FHEIRIERGETT. £ v DEMmIZfFE L
LT ot HHEIGIERED V'O, D 1 NETFHEIE. 2.3 ybE T—EDEZEZRLIZA. 4
TyrETREEMLIz, —A.TF ® VO, D 1 HETFHEIL. HEERICEHLST 2 #ybBIC
E—0%&0Z. TORIIFEFZOEDEFHBLI-.

ANV VORT)URER O 200m BB I, EROM TREITH TR ELFOFHFEFER N 1 9
LIRIZIR T THBHEMENT—RIEBEL D OABRNLEIRILY—RIGZVLELTHE L FIE
HEORED®R. L—REEHERYIRT ENZNER THLHZEAHMONTLY 5, KHRIE. A
Y PRTYh 200m ZEMEELTIRZEXFI—MEFEXRRE LT HEBIENEENR
E—RIL—t2a—XD 21 BEIOKZEOERLHYYS 200m DFA L, WANT ZRV-EERRMN
BHEEN. RURERFERFICAN:REERTIUMEATAN TEDLSLBEELXEZ 50 ER
stLf=,

AT )L 200 mAA LA T7IVIE, HEISEROFIE 2 BOBIEICKRL. BE. &M,
TR, RAIFEDL—RADEHEINRECERLY (Table 1) | FBEEZETIEH LM, 24 LSATILD
R (pre:442 B, BAKAE—KR:46 m/#.21 BEH:46.3 % , RKAE—K: 5.1m/ # ) B
ICLEETHEIIREBTH =, TN, SERIIF LIEEDTEOCEZED LB RIFFKIZIEL, B
IS TEBYEHWNRIEZHE RS T —CLIZR TR LIS ATIL ZT5LEREREL TN,

21 HEOWBEERIZETEIREERTIVMEATAMNIENT.KAY  ORIFRERK/S
J—. RUEHREBE/NND—IL. TF LD LEIZHE T, BEIEROERGITIE WANT 1 &y FEH
Ly IEERDTEITETLEZOIZRL. 21 BEDOHEBRIEFOERKRTE. 2 2y FEETIE 1
tyhB OHEELZHIEFL. 3 TybBE LEIZKECR L=, KAY Off/AT—

M5 EAYREIZONTIE, BEETE WANT Oty EIEMIZH#EVECIzDICR L., HERE EE
X 2 BB ETIE—EDEZERLIZA. 3 BB UBIERECHEDLI-ZEEZEHR Lz, REMEX
TYUREAT AR LMEZIZ DLV TIE, WANT O tvhBAtRRED I EEIX. KAY (X pre TIX 1
yrEMNSEYMNIEERDZEITEMLIZDIZRL., post TlX.1 £ YFBIXHOOEEEZRLT:
M2 EyrBUEIE—EEEZ#BLIZ. BR ERICKE/\T—F OBRMRT)UMEADR L
(. HNOEMMEREFEZICLDBEREEGEHRBITEICK 2FRFNGTEEZMEIGER
FTHIENRESINTNNDS @2 TNEDIELEEZED €5 KRR THELNTZ WANT D 1
yREMD 2 EYRBIZHNFTONT—ETOHEN L. ThThOy REFEOLMARER D
BRI, B TIEH L. HERIEENBEXOH
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KREDITEISERT IIMEFICHRATHSEETELT=,

Kristin et al.™? (&, ZHKEFFEEDO T —MEFER]RIZ/INT—ROBRURTYUMTR M
17o71=h BR ERICKHERRIERRENICHEELGELEAONLENSF-ZELRLTLY 5, KB
RCHRONFERIE. WANT Oy MUEMICHESHERG/NT—RIBRENDET DB
bifz, Kristin et al.’? O FE THL LNz KEGEFHNAHE THUL A —E
FRYBEEDL B OTNDIENHMOTNDS ( KEGEFS>HX—FEF ) ., INLDILEE 26D
HHE EMLEHEBRIEENRLTHAI LML, KEL-YICHREL-IZEDMHEEKRIE IENLKH
TDHABNEN=CENEAREDHREDEVZRBLTOSDOMNELNEL, &  #®ESHSKE
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