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Effect of sodium bicarbonate supplementation on tennis

skill performance after a simulated match

Abstract

The accumulation of H+ is one of the major causes of
fatigue. It has been shown that NaHCO3; supplementation may
increase extracellular buffer capacity, reduce
exercise-induced H+ accumulation, and enhance exercise
performance. The aim of this study was to investigate the
effect of NaHCO; supplementation on skilled tennis
performance after a simulated tennis match. Nine male college
tennis players were recruited (mean age 21.8 years, height
1.73 m, weight 68 kg). Each subject completed a bicarbonate
trial (BIC) and a placebo trial (PLA) in a randomized order,
separated by one week. Subjects performed 2 tennis skill tests
before and after the simulated game in each trial. The skill
test evaluated the accuracy and consistency of service and
ground stroke to both sides of the court as previously
described (Davey et al, 2002). The simulated match consisted
of 12 games. Each game contained 36 hit balls, including
forehand and backhand ground strokes and volleys. The
subjects consumed NaHCO; (0.3 g/kg) or placebo (NaCl, 0.209
g/kg, equal amount of Na) 70 min before the first skill test.
Each subject also ingested 0.1g/kg NaHCO3; or 0.7g/kg NaCl

after the third game of the simulated match. Biochemical
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parameters in arterialized venous blood were measured by
autoanalyzers. There were significant time and trial x time
effects in plasma lactate concentration. Lactate
concentrations were significantly increased after both trials
with BIC showing higher increase (pre-match: 1.22+0.54,
post-match: 2.17+1.46 in PLA; pre-match: 1.23+0.41,
post-match: 3.21+1.89 mM in BIC). The significant trial, time,
and trial x time effects were present in bicarbonate
concentration. Bicarbonate concentration remained unchanged
after PLA but was significantly elevated after BIC (pre-match:
27.99+2.02, post-match: 26.37+3.50 in PLA; pre-match:
28.84+2.16, post-match: 37.98+£3.95 mM in BIC). Trial, time,
and trial x time effects were significant in OxyBE. OxyBE was
significantly lower after PLA (pre-match: 2.46+1.68,
post-match: 0.12+2.15 mM) but was significantly elevated
after BIC (pre-match: 3.08+1.47, post-match: 11.36+3.70 mM).
The trial, time, and trial x time effects were also significant
in blood pH. Blood pH remained unchanged after PLA but was
significantly elevated after BIC (pre-match: 7.37+0.32,
post-match: 7.37+0.14 in PLA; pre-match: 7.37£0.26,
post-match: 7.45+0.63 in BIC). In the skill test, significant
trial x time effect was present in service consistency. The
service consistency was significantly decreased after the
simulated match in PLA (pre-match: 8.56+2.83, post-match:
5.56+3.00), but remained unchanged in BIC (pre-match:
7.00+£2.78, post-match: 6.89+3.14). The results suggested that
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NaHCOj; supplementation could increase extracellular buffer
capacity and increase skilled tennis performance after a

simulated match.

Keyword: sodium bicarbonate, tennis performance, buffer

capacity
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Webster % (1993)3@%’%@?{ X o B d s o 105
A 4 JR* NaHCO;0.3 g/kg & % @4 - ta7 4 % 12
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o & fr R R PF e B 0 ((Hirche, 1975) o i &0 iE J
‘Fﬂ"a‘ﬂ v N i kg BV o T2 X A L NaHCO; s 2 5 > & 7
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George & Maclaren ( 1988) # 3t 10 & ¥ 4 JR *
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Roth & Brooks ( 1990) 45 41 » # 4c M ## ¢ 2 HCOs3 ik R
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EHF7 F fe Portington & (1998) & 7 f it o fh 4k B
FlEFWYR GEFRFEANDBEFH G LN 172 EPKRA

¢ 3 % 4p & Portington ¥ (1998) & ¥ %o R A
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=
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> Costill & (1984)eh# " % & » v F F & 7 |2 4
o2 FE R LR R DR AR
ARG A AN AN R S St O N AN
S P ke B4 BT F RGBS 0 Pl B T ST M 0.2 mMe &
LIRS F B2 R RAREPTR D TR IR B RS FR T
L T g 28 7 NaHCO; $ 7 f6 %5 4 08
Hoiow % £ 8

fe bk B 2 iF & (N B

kR B 4 B P E B % 4§ pF (Phosphofrutokinase,

PFK)# % # ( Dobson, Yamamoto, & Hochachka, 1986 ) » f &
B'E M S g P A B it fF b (Phosphorylase b)# %

o

h
-
N

S

j 38 e gk pt i f¥ a (Phosphorylase a) > & % & #& (& 3
BooORf ML 2 A (T o B % M g pF L pEfR T
PER R E >V R 6-B k% 8 (Frucose-6-phosphate)
v 2 1 6-F % # (Fructose-1,6-diphosphate) - & #i it
OEER R RE S 2 4B AR a-lo 4-gEiTE o X F O
1-#: f § % # (Glucose-1-phosphate)> & #f it % # jc i 2 i ik
SRCREE U I S T A L (IR
B A KA ATP R G v G £ kR 2 R fE Rl 7 i AL
SR B B B
P EET NEd PR o E R R E RS L
e

* i3 4 5 pt 8 b i 8 (Roth & Brooks, 1990) - & # 5 #

¥ 2k ¥ ok Fl12 - (Chasiotis, Hultman, & Sahlin, 1983 ) -
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% FHRYPFTRGF IR TR EP > SEREEN LN AL PR
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SRR F o E R
# (Loughborough Tennis Skill Test, ST) > % 3# F & % 2 =%

%k HE B E N 60

“ 2
N
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®F - o=k & ORR

7 A e i~ > 2w 5 NaHCO; 2 NaCl> & = 4 » B I 1

w3 PN FoTELF R 24 ) F

ST MR IR RNART AR P R S
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g

KRR I ER > F %A B - -
(-) L#FFAFATH
2GR PR e A 4 4 & (In Body 3.0 Composition

Analyzer, Biospace, Seoul, Korea) & §F % % % Bl £ X # —-ﬁ 8

A VR I M

(=) &2 RHFE B @

MR B Y S R L A v
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fiﬂ\ﬁg"?é’ﬁz—lmlé\%f"gﬁﬁNaF,\EE#L?,E%

gv;ri%@yﬁﬁ;é T OR-AEE RO B RV ’."liﬁﬁu_,ﬁi??;é?#%ﬁﬁo

13



P A Bk X2 TEE TR K E A AT

ERLBHAES AT R - L FRPREDGEES
£ - # %% % NaHCO; 2 % %L # 3 0.3 g/kg
ml k¢ > ¥ e LF 4 0.209 g/kg o

% % NaHCO; & % £ 4 o
B 5 20 A 4083 1.5g/kgm okt &4 kR &
PP R FFE Ak W R G A2 P E 100g: F5OF
19.4g~ % % 10.4g~ PE#F 92.5g5 % ¥ % 100g: v F 0.5g

NaHCO;: 3 » 250

2% 0.5g - PEAE 65.8g 5 'k 100 ml ¢ 7 & & 4 10% > & % %
2 > & k9 F 23.3g/kg~ "5% 28.1 g/kg~ pE 3 124.4g/kg > B
#2 i0 £ 175.8 kcal/kg > NaHCO; ‘= ¥ * g0 ¢ (% =
Bodd ) A % 0.1 g/kg NaHCO; & % # 4 2 & B & - & - =
Rl@FP o X RIF T P Bk Te L PR
FoSRRERE S X FHCIN PR EETEEDS L Dk

5 = & & F R

ﬁﬁ%/w;ﬁégSTE%%“%/E'}@%o
(- ) ST
HCE S F R R LA - IRBFA S F R AR % F

FRFELFE BT AF EHE R - K X205k AR F B
E5 ) e I
Competitor, Sports Tutor, Inc., Burbank, CA, USA)% i - # 1t

-3

LB 153k chik B 4 B IR 8 (Tennis Tower
B R i hA it E M=% (down the line) ~ & F +#+ % % & = ¥
(cross-court) > & 4p ~ F dp 3 3k & W F 3k &2 205k > & 7 105k

8k A 0 B FREEFTER AN S FIR205 1 dp P
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S IRRE IE LIS SRt SERNLIE [N L5 SRl SN I LI SR I s
A hRrE R o ABZ B A E1S5mx1.5me F ORARLDTF 45k oR
HMEE A FH 0 CDI %A H4.0mx0.6m: 3% kR FE
FE oA de B ER G R RBRET AR AN ERRER
2 @A 2 P ENER 2 X ko HF ki o B - (Davey,
Thorpe, & Williams, 2002 ) -

R R AL B A Rl (accuracy)® A - 1A 0 F
¥z 4] # B (consistency) ¥ & - 3 0.54 > &~ {7 p 2 #F F @{F
s Em - R RERLS R BFREELS S RAPRRE L L
FHARPHIFE L F S AR FE L
(=) & F

g A 121%:%¥%%‘E1’L% v 1 AT 6B H = B H = 63 >
oIk oo 10%,61ﬁm4£;'<fﬁ~lﬁ"xﬁ%ﬂ T Bk 6 3% 0 Bk
B (% 1~3~5~7~9~114k) 5B 2 - FRRRFE L &F1k >

Lk - sk AMRF L ko ook o R F k(R
?iﬁiéﬁﬁ%w%i”}éﬁ@@*ﬂifﬂ)’%% g LHE(CF 254>
6-8~10~12h ) RIF H % - k2 B p LR - 5k
BRI kA - HFR D ARE EER S - RS
rE R -k R Fke &5 6H 2 BFRFIRE 204 0 3

s £ =

HEFRLHRLAECEF - A2 DE 3572911 h)
FAh2BRLEFERFIZ 0FH

(z) &% E&
ok AR B P (NOV-GS40, Panasonic, Kadoma,
Osaka, Japan) 3p & » #5845 33> ST 2 8 & » & 11§ B 3+ v iR

Bt #® 204 & 5 R - =0 &R kR %R Y ST fr e 4
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WO R fe b v X 4k (EXEL SPORT, Cardiosport, West Sussex,
UK)# & @ g ST & | b v (Fk -2 288 2 KA

Mppk) BABEEEYFL A SELAELAF RPEZ £ o

T\

E - SR R LA
f] % p # & 47 &K (Beckman LX20 PRO, Beckman Coulter,
Inc, California, USA.)%4 +7 5* f& - (Synthesis 25,
Instrumentation Laboratory, Lexington, MA, USA) 4 17 Bk 4
& (pH)« § # B (p02)~ = § * # 4 B (pCO2)~ & & %
(Hb) ~ = ¥ 4 & B (%HDb Saturation)™” 2 BEB -
I8 FOR R
& * SPSS for Windows 14.0 " & 45 > #7 @ & 2 i+ ~ 4 312

2 @ f A R B T kLR % F (MeantSD)& 7 0 £
A E B P+ %R A T (ANOVA): & 5P B ~ B dk & ~ LR

2 1 ~-BEB fr pH i@ 2 ST 2 # A~ » = $H 4 * T ¥ & 74 F
WRZWERERY FVE L R SERDOLE AR GHEAM AN
LR E L R Faofp MY p E) 3 0.054R 5 %
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FERX 5%
oo XREHFASNTH
XFEFA AT H L2 AP T HEE 9L THER
21.8i2.4}§«"£/ B 5 173.1£7.1m- % € B 2 67.9%11.4 kg >
NaHCO; & 68+11.3 kg 4 % % % B 2 16.1+5 % - NaHCO;
P 15.5+4.8 % o

E I S - G

XRETHREFY B REES L 3 M 156 ml
B.o® 322ml T 35 2483 mle X § B &R 40 & 45 B M 24C 5 B
41C T 33 34C - 2 5§ BRE 4% 45 & % 30%H F 60%T 35
57% - & Bt F do Bl 30450 R FERERFE (RS Z A
B % 170bpm & & 202bpm T 35 183.6bpm- p £ & # 4 B 6 ~
T8 MHH Y FEGHFE (5L k) M 1I5EF 19T
¥ 16.9 o

i
3
B.
BN
&

£

( - ) lactatek B % i

¥R e ¥ NaHCO; &2 o & BF R > »n Tf: lactatek B 4 B 9 £
4 B E PR (p=0.006)3% ¥ xpE B 2 3 (t (p=0.033)z~’xf@; -
Fe % lactatek & Pre-match(1.22+0.54 mM) % ¥ ™
Post-match(2.17+1.46 mM)(p=0.023)> NaHCOs 2 & 3 ¥ ¥ £
£ (p=0.006) » Pre-match(1.23£0.41 mM)& ¥ ix 3
Post-match(3.21£1.89 mM) -
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( = ) Dbicarbonatek B % ft

¥R 2 ¥ NaHCOz; &2 o & PF R > o “ffc bicarbonatek B 4 B
10> & % B % A % (p<0.001)2 pF ¥ (p=0.003)% fie 8 xpF ¥ 2 3
it % (p<0.001)sc &z » ¥ B8 % bicarbonatek &
Pre-match(27.99+2.02 mM)% ¥ % *" Post-match 2 (26.37+£3.50
mM) (p=0.036) - NaHCO;& 2 F % % ¥ £ % (p<0.001) >
Pre-match(28.84+2.16 mM)% ¥ i " Post-match(37.98+3.95
mM) o

N\
n

) BEBiz % it

¥R e NaHCOz; 2w 6 & > BEBE Ww B 11> £ 3 8 ¥
Buk (p<0.001)~ PF B (p=0.001)% ALk xpE B % 3 iF * (p<0.001)
% Jb (p<0.001)° % B8 2 BEBE & Pre-match(2.46+1.68 mM)% ¥
% >t Post-match(0.12+2.15 mM) (p<0.001) - NaHCO; = 2. & &
¥ £ 2 (p<0.001) > Pre-match(3.08+1.47 mM)% ¥ i< >t
Post-match(11.36+3.70 mM) -

(=) pHE % ¢
# B e 2 NaHCOs2 % (5 B @ > pHE 4o B 120 £ § & ¥ &
B (p=0.003)2 B (p=0.010) % A% x@E @ 2 3 i+ * (p=0.011)
e s o ¥ B 2 pHk B Pre-match(7.37+0.32)#
Post-match(7.37+0.14)#& % ¥ £ % - NaHCOz; %2 2 & 3 ¥ ¥ £ 2
(p=0.007) » Pre-match(7.37+£0.26) & ¥ i< *t
Post-match(7.45+£0.63) -
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¥ow & iF P g A4
Loughborough Tennis Skill Test
R e s (42 B NaHCO;# 4 P B2t % 2% £ L % > 2
s r E s L odp RA N ASTIE ST2% 1 40 & 5 5 5f 4
FLr - -FRerorihrAaw ey RHFEFHILrET R
F R xR I T 2y (piE A B 5 p=0.004> p=0.033">
p=0.046)> F & g AR P T HFFHT AL BEFPFRF TR
(p=0.046) - ¥ *h $F BB 2 % 3 B #F 4 & 5 - F 3 % N7 LA F
Bl 8 A ST1™ * ST2:% 48 ¥ £ B o
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¥ L¥ 1w

£ & LRk
AT 7 B 7 f#E P NaHCO;» NaHCO; & % 7 & i & 15 =
" pH & ~ 5* & ~ Bt 3 R 3+ )k R & BEB> NaHCO; & 2 ¥
T E v RE - ¥ NaHCO; & & i # 15 % ¢ pH & ~ 7 f -
iRy + kAR Y BE-BE ¥F3 W HEFMMILI 2w o

Bl E B ow PR A 0 T O AR E
W E g B E BT LB Ak
Gaitanos % (1991 ) #% & ™ 35 % # & 10 =%

P
Eb 4 o

Wi
E

o

I B S

(o)

ICTE USRI
flo &8 % 2 B kA 304 2 % & i fhék &2 NaHCO; & %
7.43£0.02 & >t $# B & 7.38+£0.01 - 5+ f ;& & NaHCO; &
15.343.7 mM # ** $ B %2 13.6+3.0mM - Costill % ( 1984)
SR EE SEE L AS FRRE LA BN D T KE
# (125%VO0omay) % # % &% 5w pFr5 5 % B 5 L > NaHCO;

0 A Pt b Y ik E (pH)> HCO3 & B P B H 40 - i #
Py iE B (5 > NaHCO; &2 ¢ ¢ L p 2 HCO; kB~ & ¥ 3
R e o AT BT 0 3~ HCO; kB 4- BEB ~ & %
fe dk @ 1 # 15 NaHCOs %2 % 8 % 3 " $ B 2 » 72 > &3 %
B¥EFFEH 25 FEPL T NaHCO; ch i T » P A K 4 88
RE L A > TR RPN R T R o

ey #FI Moo ovvlm e A Rl 2 pH B R £ G I3 v im e p
FU PR fo & 4 3 2 jn 4 > Roth 2 Brooks ( 1990) 4t ] » & % ‘w

oW R L A TR 3 R B M o B 4w b2 B4

Wi+ kR ¢ o fd pHP AR L > Fa BiEw
R LR e d BT o2 n s AW L AT A ol w e

pHE ™ K> F g s @F L FPREARADRF a7 &
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v BB ochay 4 o F b A # om &P NaHCO; > @& & (4 & /& pH
s HCO; ™ 2 §* ik R 35 F > it e B 2 HCO; 7 % JR
PR M I RO E - 2T NaHCO; £ 7 & 8
fwore e R bk T O oo dE B TR Y Vo4 i B Pyt im e B pH
Bop-iE TE M LB K2 pH E ] e B pE R TR T

ForrE BEoe g ok F A 4 o TR EF HE R4 e

34

Bl Z e e g 2 B OB o d B DR R F R
B b Y (e AL A Rt o) F B R E o pE
#

BRLE B NP E e % N g ek A s M g

Sk Flut F e e ) pHE ch & o vup g i 4T B
L Z e e g R e popHIE 0% b RE MOk e iE B
I (Street, Nielsen, Bangsbo & Juel, 2005) -
Davey, Thorpe, & Williams (2002)# 3 ¢ % 7 > & & (&
o Bk R o K E U R RS @R o g
BB FRE S oL RS ERTE o R ER R 25%F
B % kR (9.6 mM)ZR 8 & B K 3R OR MRS
(volitional fatigue ) (7.3 mM) o % 7 L & Bt &k & >° B 3 1 %
.”:‘l@ﬁ%@@%ifﬁﬁé 15 » 48 % " Mo R aFifEae 3 8K
PR R B I E R R
A AR FHRFDRGREEFIRER - MG
e F LN B HEE T “+
4\#’5",% X G Vo MR RER PR F R
(Price, Moss, & Rance, 2003) > & fii v F ¢ B s & 1 K &

PR AR T o T g R AR F e fo b

B 2B (8 30 A dEed 3 A

TR AR I

(w

# 4% 53 p pr p& (Christmass, Dawson, & Arthur, 1999) - ¥ ¢
F i RPET HE XN 157 58 » &y F 27§33 %R

il
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R 4 B Py %% B 0 NaHCO; & o 7 5 3t & & (& 3 2
B 2 g E AR i R ARk R TR B

X5 4G M NaHCOs 4 % 2 A F - % A M i ehic 4 > @
BRI A e 3 W E T A AN R A E R (6 ke )
A km o LRER G e AT o T NaHCO; 4 % 3
Bl B MO HE TR L L R

AF G B 7 #EPNaHCO;» STA 5 3 & @ A « & - % 3% %
BE AR AMPR AT RHPREA L EF I v %
B F LB RAPRT RHFERE A L E

oy B or P NaHCO; * & 38 & 45 3] £ R+ &

m-k’g_
ke
=3
;:‘v
ot

= 7

e

- & > Costill & (1984) 2 10 2 § # ~1 &+ » £F 5 &
Lol Ak F BRI L AR E S BB E R (125%VO0imax)’

iig

NaHCO; & & &5 {2 » & % 5 o Wi 2 Bl & I % B9z 3
e pF R » NaHCOj; ‘E’.é(l608:ﬁ:l9fﬂ/)ﬁa }f%‘*é“ﬁgiﬂ
(113.5£12.4 #) ) George & Maclaren ( 1988 ) 4 3t & © H &

prR oAt 4 E R B % 10 £ F R NaHCO; ~ & 1t 4%

pd

S

(NH4Cl) ~ & © 4 (NaCl)z 0.2 g/kg; ™ 5 & & B 4mm/l 5 %
BT R M oE5H Rl % o NaHCO; &2 % B P B i & 1 46 8 40 17
e HE R ER LR

3 7% o Gaitanos & (1991)
M7 AR T M S % @ % > 4w %3 NaHCO;0.3 g/kg 2 %

X
R iad

REA - g h 310 6fchd x% 4 @rfl %3 %2 F i
4 3()1,;0@3%%\,1;;‘_1 » T s Bk o oF OB A 5]51,311'}:3\

A R XY EEE & R T

L3 B R A RA AR BERRR L R T R R
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AR F R 2 ER LA R FH RS ﬁ%lﬂiéi%ﬁ%‘**i% °
Stephens, Mckenna, Canny, Snow, & McConnell (2002)2 7 i~
FRA PR 60 & shehop TR PR 2] IR R P &
0.3 g/kg ¢ NaHCO;3 & % & & > 127 77£1% VOomax & & & & %
= oo Boor BB F R ALY NaHCO; &£ fo - BB 2 4p 2 T
B~ NaHCO; ¢ ¥ & /o p g v > & £ e p & 3F & X 8 2 B2
wh B4 @R ARG R

Davey, Thorpe, & Williams, (2002)4

T
o
>

N S NI L 5 |
Wt R #F R R LR EREF R o PR N R TR
2 IR TRATE 0 F T i Ak o E B o R
3 i FR BN DR AFLREETHET W

B BRI PSR BBk ¥ F%E KD

»
>

vild

3
|

&
=i}

» NaHCO; # v $ > & £ Jp R & b 3 2 - R >
TR A odp RGP IR R e R R e B3
B L 2- HaEg oo

fHEH S FY AR E LA Bk EFRF R %R
FRaOoFxE® > RLPFFRI VALY &) o EH
WA Y o W A 1] R

v

4
Ko FREFENRERELIAEFER LA KK

it

v & &

OB e

F e STR % ad k- 2 hAMPIRAD FH LR

ik o FRH R RN ARSI AR LRGN
$F g e

hAT Y 4 £ R F & 0 P NaHCO; 18 F 3% 7
A, BARE AN EPRELT AT &R R
kA ] PRI S 2 S b % F (Price

E (2003) ¥ st LB TH nd E 22— ENEHE LTS
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% B NaHCO;# 5 M 7 4 % 5 % 0.3-0.5 g/kg 2 NaHCO3>
i 4 ¥ % B % 3 (Douroudos

=

BF e FEH R LK H
T A A G M #FEP NaHCO; ¥ & # v &

e

%,2006)c A k hE g

AR A ER 2 FHITN A P oS
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A5 = PR SR + =X
* 2 F B iE R

o

425 5% A NS

- 7 B
AT R T Rk S S H R YRR
NaHCO3 0.3 g/kg > % % Loughborough Tennis Skill Test & #-
By F B 5 R

(- ) NaHCO; # % 7 » W % o v F 15 @ # 77 12 % 5% &

(- ) NaHCO3 i & # @ s b > ¥ & F 3 6> £ Flim e p 5

AR S

¥ - & ZF R

(- ) +=§ 8 x %3 R I N S TS

W ok
F_‘-
T
=

wWow R 203 B3 3V e A T A~ 1% % PO, & #icd =270 mm
Hg:» % 7 A = # 3§ B & "% {* # "% & ;& > Portington ¥ ( 1998)

B
R S I LI L S L A S

e

OB BB RO R L R 0 ¥ AR Bewm @ A B 2 b

oL 0 g o B R(65TC ) R (60 )i H EF FE OV O

SRR T -
= K e e iE 2 T F 3T e T o E
(Z) A RPFELRE? 55 % PHEHRFEH 0o 2 0 3

LR R G SR R S L A - ELh
PR R LRI RFE DRI RAEAHE RN T R
B R e A AR T AR R Y
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Z 1~ 4 % NaHCO; # & & % R 4p M = 3
£33y MR fmAm s B3 54 p
24 & % M 0.3 g/kg Wingate + # v & 35 (Douroudos, et
0.5 g/kg test i al., 2006)
16 &+ 1 0.2 g/lkg #* =% 2 & + % % & ® (Johann, et al.,
5 2 2 6 # g 2006)
To12 % i
=& ® w4 & R
B3R H e
10 # 9 # 0.2 g/kg S B kR + * B PERF (Georg &
4mm/l % #& CON % Maclaren,
% Bt R B o4 179% 1988)
v o A
R
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10 29 02g/kg52 % 144 + % B (Costill, et al.,
@

Mo~ 1 e W i B o5 4 1984)
= iE B
(125%VO02max)
9 z 9 0.1~ 1 » 4 & ~ & + Bt ( McNaughton,
0.2~ 3§ # 4 2% € fr& etal., 1992)
0.3~ 0.4 s & P ER S
0.5 g/kg ¥ A
4
9 ¢ % 74 0.3 g/kg 200 = = @ f] + W o ( Lindh , et al.,
i+ 200 = 2007)
< pod
;o &
o R
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= # & £ Ok e T AT & 2 % ’}%?‘}I%
8 % d 0.4 g/kg 1 » & &8 + B~ 4 ( McNaughto
B E q‘??ﬁv”ﬂi%] B ¥ M 4 n, etal., 1991)
a1
7 % ¥ 0.3 g/kg 8 HE 10 o R R ok (Gaitanos, et
% 6 fy ® 8 ¥ A al., 1991)
B~ % R 4y
B {1
15 &% 4 0.3 g/kg 5 & leg = ¢t % I ( Portington, et
press ' W o4e o 2 oal., 1998)
R A
B
7 i M 0.3 g/kg Hrp B iF B ¥ ' ®m (Stephens, et
w 77£1% k4 pFoe oal., 2002)
VOZmax3O ]}é H+ /%
2 R o i
469+21 kJ
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W 2 TR TRk B R %Z"-??‘/I%
10 &2 % # 0.3 g/kg % £F & 51 % 4% ¢ ( Forbes, et
B 0 S 4 > % B al., 2005)
#} 0.5 :‘@“?%‘éﬁ%
Hz, 2 9 R
& B fa v R
6 -9 1% 0.3 g/kg 5 & leg 6 4+ 7 5 4( Webster, et
press ' R A s 4T al., 1993)
PR B =
= (9 :
169% )
15 &% 4 0.3 g/lkg 5 & leg =~ ¢ % 3 ( Portington, et
press ¥ R B o4 o v oal., 1998)
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L2 AEF AT
W | =@ | g Wt (kg) W (%)
PLA-T BIC-T PLA-T BIC-T
1 21 177 85.7 84.6 21.5 18.9
2 25 179 79.3 80.6 16.2 14.9
3 25 174 79.4 80 24.9 25
4 19 176 68 67 13.1 11.4
5 21 172 65.7 66.3 14.2 14.3
6 19 185 60.4 60.4 10.7 11.1
7 20 166 62.4 63.2 20.3 19.7
24 162 50.7 51.3 13 13
22 167 59.5 59 11.1 11
Mean+ | 21.8+ | 173.1+ | 67.9+ |68+11.3 | 16.1+5 [15.5+4.8
SD 2.4 7.1 11.4

PLA-T: % & & =

BIC-T: NaHCO; =&
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3~

R FRIFFH T OHES 2 K

[S—

O o0 3 O n Bk~ W

%

K

A T s
£ (ml)
156.
237.
190.
322.
157.
192.
319.
269.
180.

0

2
0
2
2
2
4
8
6

P X #

whn L W WD

A L W

B E
(ml)
780.3
1186.2
950.2
1611.0
786.2
961.0
1277.7
1349.0
903.0
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4~ FHPTFERERR

I 35 I 158 B
subject PLA BIC PLA BIC
1 36.0 31.3 47.0 52.0
2 36.0 31.3 47.0 52.0
3 31.3 36.0 52.0 47.0
4 31.3 36.0 52.0 47.0
5 38.0 35.4 46.0 47.5
6 38.0 35.4 46.0 47.5
7 35.4 38.0 47.5 46.0
8 35.4 38.0 47.5 46.0
9 29.0 28.0 42.5 42.5

38



Z 5~ R 22 NaHCO; fewm {8 pF >t e 3k & BUP13# (Loughborough Tennis Skill Test, ST) » ¥ 3k ~ & £3p &2 F £ 35

@ ST1 22 ST2 eradg it

Placebo Bicarbonate Main effect (P-value)

After Before After Before Trial Time Interaction
Service-Total
Accuracy 3242.6 3.841.9 4.1+1.8 4.5+1.5 0.215 0.254 0.844
Consistency 7.0£2.7 6.843.1* 8.5+£2.8 5.543.0 0.909 0.057 0.004**
Service-Right
Accuracy 1.6+1.5 1.2+1.4 1.7+1.3 2.0+0.8 0.347 0.824 0.419
Consistency 32+1.3 3.6+2.0* 4.2+1.3 2.4+1.8 0.864 0.213 0.033*
Service-Left
Accuracy 1.5+1.4 2.240.9 2.3+1.1 2.5+1.5 0.073 0.249 0.578
Consistency 3.6£1.8 3.2+1.9 4.4+1.9 3.2+1.9 0.48 0.105 0.385

Gs-Total®
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Accuracy 6.0£3.1 53422 5.5+3.3 52425 0.758 0.446 0.694
Consistency 17.6+2.8 19.0+4.5 19.5+4.2 17.1+4.3 1 0.575 0.088
Gs-Forehand

Accuracy 3.7+£1.9 2.3+1.2 3.5+1.5 2.7£2.1 0.85 0.065 0.493
Consistency 8.0+1.6 9.3+2.6 10.5+2.8 9.1+£2.0 0.237 0.943 0.046*
Gs-Backhand

Accuracy 2.2+1.8 1.8£1.9 2.0+£2.1 2.3£1.0 0.868 1 0.464
Consistency 9.7+2.7 9.5+£3.0 9.4+2.7 8.0+2.5 0.391 0.046* 0.475
GS: & S 7%
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Fo06 >~ IR P 4 LA R AT M Rk
laca lach pHa pHD pta ptb

ST Pearson 15 .234 -.536 .345 1 -.199
A ip M

BoE 752 514 110 329 .582

(B &)

B % 9 9 9 9 9 9
ST Pearson -.332 -.612 -.107 -.078 -.199 1
B in B

A e .349 .060 .769 .830 .582

(B &)

[0S 9 9 9 9 9 9
ST-A: rk #7 £ RmE REe ST-B: 1 $#£ 7 4 7 NaHCO; &
laca: 5 fc % B % lacb: 5 f& NaHCO; &

pHa :

pHb : f # ®& NaHCO; =
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7~ % ¥ A~ 4 NaHCO; & &2 3 R 2 2

Pco, ~ Po,

subject Pco, Po,
Al A2 B1 B2 Al A2 B1 B2
1 55.8 40.4 55.7 61.9 33 68 26 31
2 44.1 47.9 55.4 52.6 44 35 46 54
3 41.0 36.4 42.2 41.2 57 76 45 65
4 52.7 41.7 59.3 59.8 31 76 29 38
5 45.5 45.2 49.5 48.7 58 70 47 70
6 49.3 46.2 44.0 60.4 38 50 73 30
7 41.8 44.3 43.9 44.7 58 49 76 79
8 53.3 40.4 47.6 47.3 35 87 91 80
9 49.9 44 .4 49.3 43.8 57 79 50 84
B @ :ommHg Al: # B o 5% A2 B o & F

Bl :

NaHCO; &= #& B =

B2 : NaHCO; & £ 4 * %
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Loactate (rnlvl)

byt

Lot

)

Tttal 0.121
Time 0.006
Tnteraction  0.033

3

placebo bicatbonate

O~ %P &2 NaHCO; % lactate }E & %
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Bicarbonate (il

N

0

07

A

0

]

Tral =().001
Interaction =0.001

10 ~

placebo

¥ R e 2 NaHCO; &
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hicarbonate

bicarbonate }k B % it



EEE

167

12t

Trial
bR ¥ T]IIIE

Interaction

A4d
placebo hicarbonate
B 11~ % @ 2 ¢ NaHCO; 2 BEB ik & %
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<.001
0.001
<0.001



rH

84 1

16T

[

6.8

Trtal 0.003
Titne 0.010
H Interaction 0.011

placebo

bicarbonate

B 12~ % B 2 2 NaHCO; &2 pH k B
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e 1~ ¥ B e 2 NaHCO; %2 lactate ¥ Bicarbonate & & %

jL

Trial
Lactate (mM) Bicarbonate (mM)

Pre-match Post-match Pre-match Post-match

Placebo
1.52+1.08 2.34+1.48 27.52+2.41 26.70+3.46

Bicarbonate
1.2840.42 3.16+0.79 28.26+2.75 37.31+4.30

Main effect (p value)?

Trial .
0.121 <0.001

Time e . n
0.006 0.003

Interaction . *
0.033 <0.001

"p<0.05; "Tp<0.01, TTp<0.001.
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4 2~ ¥ B e 22 NaHCO; %2 lactate ¥ Bicarbonate k& & %

i

Trial
BEB pH

Pre-match Post-match Pre-match Post-match

Placebo
2.0841.98 0.11+2.03 27.52+2.41 26.70+3.46

Bicarbonate
2.62+2.00 11.07+3.62 28.26+2.75 37.31+4.30

Main effect (p value)?

Treatment . . u
<0.001 0.003
0.001 0.010
Interaction . .
<0.001 0.011
U p<0.05; "Tp<0.01, TTp<0.001.
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