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Effect of Sodium Bicarbonate Supplementation On

Skill Performance and Blood Acid-Base Balance

After A Simulated Game in Collegiate Volleyball
Players

Abstract

The accumulation of hydrogen ion is one of the major
causes for fatigue in high intensity exercise. Fatigue may |lead
to the decrease in volleyball performance as it may result in
lower jumping ability, missed timing in spike and block, and
failure to reach the suitable place to receive the ball. It has
been shown that sodium bicarbonate supplementation may
increase extracellular buffer capacity, reduce
exercise-induced hydrogen ion accumulation, and delay the
onset of fatigue and enhance exercise performance. The aim of
this study was to investigate the effect of sodium bicarbonate
supplementation on volleyball skill performance in male and
female university players after a simulated match. The
preliminary study involved 32 male (16 first level, 16 second
level) and 18 female (12 second level, 6 fifth level) to
develop volleyball skill test (VST) which evaluates the skill
of spike, set and dig. The VST scores from 2 separate test
were significantly correlated (r=0.501 in first level male,
r=0.807 in second level female), indicating the reliability of

VST. The study recruited 17 male and 10 female collegiate



volleyball players (male: mean age 20.47+ 1.50 years, height
181.82 + 5.58 cm, weight 79.14 + 12.88 kg ; female: mean age
19.70+ 0.67 years, height 167.00 £ 5.62 cm, weight 58.84 +
6.26 kg). Each subject completed a placebo trial (control) and
bicarbonate trial (bicarbonate) in a randomized order,
separated by one week. Subjects performed 2 volleyball skill
tests before and after the simulated match in each trial.
Volleyball skill test evaluated the skill of accuracy and
consistency with spike, set and dig. The simulated match
included continuously spike, personal defend, blocking both
sides and 3 m closed promenade. Female subjects also
completed ear-hand and eye-hand response, and blocking
height tests after each VST. The subjects consumed 0.3 g/kg
NaHCO3z; (NaHCOgs trial, BIC) or 0.21 g/kg NaCl (control trial,
CON) 60 minutes before the first VST. Venous blood samples
collected before exercise and after simulated match.
Biochemical parameters of pH, base excess of blood, HCO3;",
potassium ion and lactate were measured by autoanalyzers.
The results showed that post-match pH was significantly
lower than pre-match in both trials in male and female (male:
pre-match in CON 7.39 + 0.03, post-match 7.21 + 0.05 ;
pre-match in BIC 7.44 £ 0.02, post-match 7.28 £+ 0.03. female:
pre-match in CON 7.34 £ 0.03, post-match 7.16 + 0.04 ;
pre-match in BIC 7.44 £ 0.08, post-match 7.25 £ 0.08). The
concentrations of base excess of blood (BEB) in both

post-match were significantly lower than pre-match in male



and female. The change in BIC was significantly higher than
that in CON. The concentration of HCO3 in post-match was
also significantly lower than pre-match. The change in lactate
in BIC was significantly higher than that in CON (male:
pre-match in CON 3.25 £ 0.79 mM, post-match 17.63 £ 3.07
mM ; pre-match in BIC 3.68 + 0.67 mM, post-match 20.60 *
2.51 mM. female: pre-match in CON 2.71 + 1.08 mM,
post-match 14.55 + 2.48 mM ; pre-match in BIC 3.17 £ 1.45
mM, post-match 17.42 £ 2.85 mM). The accuracy score in VST
was significantly higher in pre-match than post-match in
males (pre-match of control trial 21.73 + 12.15%, post-match
17.21 £ 9.01% ; pre-match of bicarbonate trial 22.93 + 11.35%,
post-match 18.75 + 8.42%). The consistency scores were

similar in both trials (pre-match in CON 56.02 + 19.72%,

+

post-match 51.71 £ 18.80% ; pre-match in BIC 58.21 + 20.80%,
post-match 59.42 £ 19.27%). The accuracy scores were similar
between the 2 trials in females (pre-match in BIC 18.33 %
9.53%, post-match 23.31 + 13.39%), while the consistency
score was higher in pre-match than post-match (pre-match in
CON 41.94 + 14.74%, post-match 32.83 £ 7.32% ; pre-match
in BIC 41.14 + 8.92%, post-match 34.12 £+ 12.97%). The
changes in two trials were not significant. The ear-hand and
eye-hand response time was similar between the two trials.
The response time in 4-quadrant eye-hand test was
significantly longer in pre-match than post-match in BIC. The

results suggested that sodium bicarbonate supplementation

VI



could increase extracellular buffer capacity, but could not
maintain volleyball skill performance, response time, and

blocking height.

Keyword: sodium bicarbonate, lactate, pH, volleyball skill
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+ % B o7 NaHCOj3 & e 3 # ¥ fo # 3<$§]:h,d§f_—g3§<§:§;g%§gﬂ
@ (Bishop, Edge, Davis, & Goodman, 2004) -

mo15 - 8 Hie 8 & A MR ;f:ﬂiﬂ" 7 10% 10 4) 48 % K 2
=gl & B KRL S0FH 2 F R F G RF 33X FAE
( NaCl > 8g) # 3= NaHCO; & (0.3g/kg) 2 F =% ° Bl #F ¥
Fader 400m FR P2 R EAPR IR BT 8HF 24
FF 22k %% T NaHCOs &2 355 5 gy & fo 5 5 %
B ﬁg,] R OF % | A & (Lavender & Bird, 1989) -

1l g A e FaER R 2 4L EH YR 2 ER R
T % %P % A 5 NaHCOs; 2 (0.3g/kg)- ® # i 4 2 (0.3
g/’kg)~ % B # 2 (& # kool-aid & # ) fefr 4l & (& # L iz

o3 A & ) 15 ‘é%é'%“%i’gﬁj wow 2 600 & % g H
Bl FE > % % B ot NaHCOsz; & -~ ® ¥ pt 4 &= sodium citrate -
T A 2 AE R LM T &k F LR (Tiryaki & Atterbom,
1995) -

FHEFMN 6T BLREELEEVRY ZFLHE TR
% g Al 2% NaHCOs = (0.3g/kg) ® # 4 % 2% 4% 12 ¢

M ¥ 5 & 2 Pk ¥ R4 (leg press) Bl oo 4
Hho x4 a5 70% & X B L FRL OO EEETAS B

B add &2 R+ a kg ¥ v x B (Webster, Webster, Crawford,

15 ¢ 9 ']&_%&%ii;%_éJ".éﬁ‘ﬁéf? 5x& 12 & 4 ch R
4 % (leg press) il # » 14 ¥ 85% 1 RM» & = B [§g k &
90 ) > ¥ % A~ X B =H (9 faH > 0.3 g/kg) i+ NaHCOg;
e (0.3g/kg) > # % F RS & F AF LR G BFDL



2 (Portington et al., 1998) -

Awm AT 6 3 B AEPRZIMEFAESZFETH
% > F % A~ 5 7w 2 ! NaHCOj; %2 ( 0.3g/kg )~ w5 2 (1 6.2£0.3
mg/kg)~ ® & 2 ( NaHCO3: 0.3 g/kg ¥ w2 % 6.2+£0.3 mg/kg
M) F A e e XRFHEREFA S 200 = 2 F AR R
A X Bl @ R 304 4 - & NaHCO; & time trial 2 & % i %
time trial 1 ; v 25 2 « % g & & p] & time trial 1 i * time
trial 2, R & » 5 F L - #H ¢

e AP B 20 T OB IR o v e T o2t % B ¥ 3 Y NaHCOj3 & 2 R &

peul
R

NaHCOj3 &= ~ ere e 5 2 ~

N

2 > ® NaHCOsz = i» 3 = ¥ % ¥ 2 » % (Pruscino, Ross,

Gregory, Savage, & Flanagan, 2008) -

- # P NaHCO3 & § § # & 4 R
10 & T %4 W E &Y aﬁﬁ;ﬁﬁ&aﬁ%iis&fié\?%

¥ % > » 5% NaHCO;3 & ( 0.3g/kg)~ = & # 2 ( NaCl- 0.1 g/kg
fr CaCOg3- 0.2 g/kg)~ %2 -4l e (@4 2 T @ 8 4 & ) & &

'

£ 3 % % % 6 1500 2 ¢ v F o B % H A NaHCO; & %
FRNIRFAME: e L BA LS 2l B iR

%ﬁ%é;ﬂl » B o+ NaHCOsz ¥ it 7 ™ #f & 1500 = ¢ 5 2 # R
(Bird, Wiles, & Robbins, 1995) -

FH 109y 207 L5 H 2 2/ 1] FF %A
YR B RIE O R HRA e A (RERS)) I
NaHCO; 2 ( 0.3 g/kg)° % % % 3 NaHCO;3 &= T 35 % & kg ¥ 3

*» #H ¥ 3 %2 (McNaughton, Dalton, & Palmer, 1999) -

o]

LB EHEY 6 LY RG R R E S E LR
# o @ % A4 = :(1)NaHCOs & ;(2) % @ # 2 ( CaCO3);

B !



(3) ##le (4 2@ @4 &) &F 8002 < gaHh » %
% % W > NaHCO; = il pF B i > ¥ 8 Rl 2 & J* & 2 w %
e g B OEREEFR T EA A A e T iR
NaHCO; & » M 2 ¢ o 4 M e o TR G OB O E F o

o )N pH B e R K i ¥ R & h

;’Sﬁ:-f\

e BT SR L BT 1A R 114

(&

# % (Wilkes, Gledhill, & Smyth, 1983) -

LRA PR p TR A AT BEL LT
% 0 F % A L ¥4 %2 (CaCOz 0.3 g/kg) 2 NaHCO3z = (0.3
g/kg) > & 7 30 A & T7%V Oopeak % B & B 3% > 2 15 3 P =
= 469KJ (% 30 ~» 48 > 80% VOgpeak)’ % % %% 3 NaHCO; &
2oyl ez B % & time trial o pF B & ¢ ¥ £ B (Stephens,
McKenna, Canny, Snow, & McConell, 2002) -

% & 5 (2008)7 9 - F R A R EE LT HRES
fozk R F o F %A~ L #HRE (NaCl» 0.209 g/kg) 2
NaHCO3z = ( 0.3 g/kg)’ # & § % i€ (7 60 » & - & F >
ot B
2R OF R

4

kel

It

=
©
R

27 - R ALRPBOoILINEFES D T0 L 4
A AP %A % %% B NaHCO;
B2 R EF TS S - PR
B g RAR YR FRCHEHRE
A b égk v % 5 B 7 K v #% P NaHCOs;

N
Rl
=

—_
P

R -

IR

B ¥ o ¥ O
# 2 E 3 R~ BREAF BEAE @S EFER LR
= ~ & ¥ &P NaHCOj; $ 8 & £ I 2. »c i
#NaHCOs ¢ 1 A #2872 &2 5 % % 3§ 7 i 2 W % >
Flot 5 AL G5 T P NaHCO:; i@ & B ¢ & 24 "L g 2 F % o>

Fl P4 Ay E EEP 5 % b NaHCO3 11 5 i & pF 57 % 4



LA B ST

Awm T8I LA THE BT RS A
® ¥ #& > NaHCO; = ( 0.59g/kg) = & # # » NaHCO; 2 ( 0.5
g/lkg): & #H #FEB 2R * 6 % 7 NaHCO3 {4 » » & 7 % & (7 &
iR S U -+ S SR | I - S NN S A SR S - (- S S -
NaHCO3’.§§%%§m,ﬁ:@_iﬁé%%ﬁ‘ui?'l’éﬁiﬂﬁ“ﬁ%]:':i'a%ﬁ%‘*r“s
*v?#?;?r"l.é_a’n”v&&.%gﬂ&iﬁﬁéimiﬁ'lééix4i?"#i%]:’:%"”é‘%iﬂ(L.
McNaughton & Thompson, 2001) -

B2 FE P HEABFE R B S D #EP NaHCO; i« % &
B OER MR EEEL A TR AHE ERFT A4 E R LR
e 16 F A HERE AT H R TR S &

& (VOzmax) > 5 #& B ® ( Lactate threshold, LT) 2 j ¥

BRI ME IR AR R ER A RY 0 F R A T
% fed GAl e F AW 8 % F@ 3% AREHRE D
140-170%pF & 7 6-12 % » & < B If 2 A s cn il 8 @8 & o &

Bl w 90 A 4 fr 30 4 40 F % w2 % B 0.2 g/kg ¢ NaHCOs;
B & # P 0.1g/kg ¢h NaCl o % @ % i¢ 7 & 5 & & il 3
4

AY

v

SR - R AAEPE N A E R R R 2

S

B oFE B o

(LTI

3o

e S A

e B2 B R 14 4k LR e R I A

% B4 L L S50W, g F 440 K 4 256 Wy B OF| %

FHEZBEE R L 60rpme RIAR G F B HZ G AR
DRYF R LRRE ERFREF AL BA L EPERE L
TE S -MHEREZEEREFERED RS RE BE G P
% 80 rpm - ¥ # & M 3 60 rpm RB| % Pfﬁﬁ/ﬁvé%%ﬁ—?
DR EH Z m oAU E a4 B FH 0 e AN ¥ L

53
P oo i M E - PHEE RS PERF ARG BE FH



Fodow fs e g poe B g & ( Phosphocreatine ) 2 v
(Creatine) > wm®» p B E R ~ 2 & chmwe 0 pH & P &
RO FAXEVROELFEF RS BEREYR R G
= B4 v NaHCO3z > # 72 B e pg & fra 4 o v > 3R
Boeh o o B ep ¥ Bra 4 hic L £ & (Edge, Bishop,

& Goodman, 2006) -

o0& pmEeaE kR

PR ER LR LS

Bk A Jpd # kS Bk~ F 2 Bk dek o~ dF R
B E A A - AR LER G LT K ANER D~ B H
BRI HFU IR o A M EFHEFERLY FRE D E
LSEE I S B MR 2w B g FERERfrE R R R

“+ 2 F ( McArdle, Katch & Katch, 2001) - * %8 3

[
_
=
&=
oo

A
f
T AR E RPN TE 20 2 0 ATP-PC 6 5~ U B2 & v~ 5 %

L L
2%
wbL  ©

- ~ ATP-PC & %
ATP-PC s % Z R e m P 3 % A & FTF 2 0 &8
dov g F A RS G R ok 4 P = B B ( Adenosine

Triphosphates: ATP) & s»vp: gi ¢ ( Creatine Phosphate> CP)

<

BRER R AEEEG U L FTREUEE 54 LA

# % (Smith & Hill, 1991) -

- w A % 5L
SO A S

FH AW 0 FF k2 E D R fos Y g o A

10



4 & F oppfa it (Anaerobic Glycolysis) & 2 ATP & %
B YA d PR R w R ES L P 104 2 180 F ok

McArdle, Katch & Katch, 2001) -

B
g
fren
e
i
<
N\

=~ F F xR
EhE R RS R A e g TR i B AR kR LR
d 03§ R E e d P F e LR E P
Fop e it o - a4 A E R R TF o2 n R op R
BTt ks o
<% BE R Y I B B o g 1%&{‘;%.&:’15%5‘2:&‘_,]‘%

B BT P aiE oA G R N SRS S A LS
Rk E R i B OR RN o F B kw3 i H 4
PR ovumt 4 R B A fdF 0 F R o SRR Rt R E R o2 o B
s ApE LR o RA o FRETALE L) LI EE 3

Eﬁ’?i,ﬁi.@‘b# Bhw E R h k4 o

o=

*
ey
%?3\

=5
/

EERE IR S SEE AN A L

11 ¢ B o § M P RELRGFTIXZTFF R FXF %

=3

A SN Aok AR F - R R EE - kxR E R

m

D AR PR 1350 ML PR FH S (FF
2.

7 % 1.36 mmol/L~1 ~ 4& % 1.86 mmol/L~ 3 » & 4 10
mmol/L ~ 5 4 4 % 1.95 mmol/L); % = =x B F & 7 6 =x & =
T3 PP F X ERFRRL 20 B EFRICK L E N F

w4
“

$ (F & % 9 1.69 mmol/L~ 14 4 % 1.63 mmol/L ~ 3 4
4 % 1.65 mmol/L~5 4 4 % 1.65 mmol/L); % = = Bl & & {7
6 =t @ § L E prE - %

— 22

S A Y 3 54w LA YA

i

11



bven (EH w0 1.52 mmol/L ~ 1 A~ 4 9 1.68 mmol/L ~ 3 »
4 9 2.16 mmol/L~5 4 4 % 2.17mmol/L)> & 7 & &= &8 p+ &
R ae Rk R T H ¥ H 4 (Chamari et al., 2001) -

AHF LR ELFR T BERERELRER KRS =
(1) B ab * 23 ppE(F R RE KL 208 )5(2)
6 x B HxerpE (FZXFmRKEL 204 ):(3) £ 4 6 = 9 =
B (F X FREL20 ) %3 RLEPHEIARYE
¥R BB ERARE - Ar PR R o PEENEY RS
E P fort s (1.7120.48 mmol/L vs. 0.44+0.42 mmol/L 4=
0.91+0.2 mmol/L ) (Hertogh et al., 2005) -

M9y PR E LT - & E 10%- 30% 80%% £

hde fi h W OB @ & o 4p &3 baseline ok T o f £ 10 %A ¢

2 pH E & & & & 2.5 F I @ %oy B 30% §

SN
®
58

» e 2.5 ) B R Y R B 2 pH E 4p & 3t baseline gk T ¢
WOR M 4 (P RRE® 40 £ 1.9 mmol/L vs.2.4 + 0.8
mmol/L ; pH & 6.21 + 0.2 vs.5.96 £ 0.12); § &£ 80%m - Jt
PRk @ 2 pH E 4p & 2% baseline ok T & = T 4 (8 2.5
o PE B 4 (P R ® @ 3.6 £ 2.1 mmol/L vs.8.8 = 2.8
mmol/L ; pH & 5.98 £ 0.21 vs.6.74 + 0.17) (Moriguchi et al.,
2002) -

FH 7107 Bk E S 2F 6 pRERMNF > i 1
6 = i 7Tk < LR L E OB A% 23 % 5 BB AR E K
LY T (8-14-174 204 ) & 7 30 = & * £ 7k 5c F & ¥
F 1= p ki 84 & % 1575 30% & @ F 2 o
FRER - BEFRY 151 30X L PEERT HF DH
¢ (3.37 = 0.17 mmol/L 3 4.94 + 1.49 mmol/L ) 5] & » A

12



&

Co

b

ot FHRRLR

g B2
AR R E LR

i

(&
T
=B

E
[
E
3
1%
é
=

s
=t

ek WO E R o B
ﬁ;‘i
et fe & (2.33

T

'IIJ" S

4
m&\'
<l

I+

ok

SERE R

]
SR E T F IR G o d S K R R

o5tpe € b E B

H )k B £ » & @ H 4 9v g p SEE N SRR T

B m e N Y 3

2

14 3] 17 45 > > £ 1% 7 F 9 R

S

e

2k
Z=

it # (Pereira et al., 2008) -

AL R A
# 2

K w g

H 9r i@ & )3 0 &~ B 4 Rl -
ook A4 ORIFEHR PRI AR
80 rpm 2 120 N v fe 4 B 45 Bl 3
ﬁ’-’ﬁr’%?ﬂfé@ﬁ%’ﬂfﬁﬂiﬁlﬂiﬁ 73.5

R R R R A O I U

& Ah o F ORI AR FRF R
%‘;rl ‘zﬁ Mro, M ?‘:)xl éﬁ L7 ;}L ij/; f_‘é,; r’g 3 zh ?‘:)ll

0.07 vs.1.97 £ 0.21 mmol/L ) » & %r & &

e
=0

7
~

E’U]}ﬁ

E1

% B (Pilegaard et al., 1999) -

¥

bo

2 A

hopH s g B e o

e i
I Sl I (TR BN LR

# # o 4 (Roth & Brooks, 1990) -

13



Z o~ e B8 E B P
P o R ¥ O B O¥ OB R OY B o
( Phosphofructokinase » PFK ) z /# + (Dobson, Yamamoto, &
Hochachka, 1986) - pH @& " ™ » ¢ & g © pr 9 & i
( Phosphorylase) & % pH & % & > B ¢ B & )t g% % 2 & it
T o P R M ps A pEE T Y OH LS 1 6-F R S B
( Fructose-1,6-diphosphate) > @ gk pk i~ & R B v % & & f& -
iR B om o hoa -l A4 dowr o BN L-BEEF B
( Glucose-1-phosphate)> % # s % # Jcfir 2 Fi f2 I e a0 5 |2
AP AP 0 FEfRIT Y i v g ] 0 Fl et &2 AR 2 R4
D ATP G 5 v o £ KRR BBl 27 it 8 2 3 % B & &

Fogk ¥ R %] 2 - (Chasiotis, Hultman, & Sahlin, 1983) -

14



1
N
il

PR BEF T

¥ - & VST & »% R # %
16 p § R R P E L > 16 £ F B - 18 b p
PR B TR E S L 4 o £ 2
ST N

-k
Pt

A F R e A 3-1-10 ¥

7R TR R R

e
T
S
b X
I
)
(%

( Volleyball Skill Test) - & =i £ & (7 & = # #=pl 2 » £+
VST ehig B » & F A & % % £ i 4 o

RH KT IVRL <~ B PERBF I LS DFRE P

FoOAB PR OBE PR CREDERET S R RE S

B 84 2 RS W Bt @gE T RE Y

E 0 B RER G RELE S AR R EEE 208N

SR NI T - BRI N i SR A
A

RN S S IRl

B
<l
T

(\x

-8 W HF %

P oE i B R 3 NaHCOsz & feen @ B » 12 1§ 3 % i
%%i?‘]—*ﬁﬁd‘ “* 0.3 g/kg: %k B 0.15M s NaHCO3:' % & 0~
30~60~~90 & 4 chw R & F A 4718 B 408 (78 & Pl » & &
#l 3 5 Bruce protocol @ 3 A4 85 A R P> E 3 X B HF ® B o
O P % A2 A B 3-2-1-

15



FzE FmR
A7 L9 BB R s 10 & A PR OA B3R £ L
T H % FRFREPE R R
g oL A4 o~ > & w5 ¢ NaHCO3 ( 0.3 g/kg » bicarbonate trial)

<)

VOO REREELA A R oD

-3:;

2 NaCl (0.21 g/kg > control trial ) = & trial & 4 3 & # >
E R o ARl 60 » 4P NaHCO;3 & » B 4o i (7 - =
VST il » £ & 3 A ik (6 27 B A = & i@ 4 5%
F B mFRIoRE KRS F 0 FBEE G A 20 =

o EE R RRAL LSS R FELL REFF X
‘:”f—JVST‘/‘E'J?{zJ’S‘or’:&:’(/Y)‘i""%%&ﬁ§b7%-“1_’: a'rl';bbjx:.;_’?‘_ﬂ/[]}_l—
B HART LB E RAME - 5 & E ] A%

B o F B on A2 4c B 3-2-2 fo 3-2-3:

(- ) 2% +F#
o4 = 3 e 2 ( Inbody 3.0 Composition Analyzer,

Biospace, Seoul, Korea) & f &% § * #l £ X # § 2 £ & ¥

e o g—gﬁééig&ﬂ\?ﬁi&r’%l 3-2-1-

(=) = HEF &R

I o* &5 F 5% heparin ik g B8 B #F % g 10 ml >
BoooA B BLRET OF KL HRESY FE R RE AR
Beid oo #Aml E A F Y TR R F M s o BB E

* % 3 heparinz 2 3 F ¢ > #% R %3 EFAN

16



dF L AR REREIPM RSSO REY SR
527 0.5g/kg b 0.1g/kg 2 K 5mi/kg: + i % 4

5 % 5P 1g/kg~ 4 0.2g/kg~ 2 % 5milkg> # & % 3
3F 11 g eh @ F 2 600ml chid & &AL > & % 4p i e 4 5 -
X Ty 2. @ P o k- X BB kR &P o FoB% oW 60
4% #P 0.39g/kgr kB 5 0.15M ¢ NaHCO3z & -k R & R
T o Control trial p] & #& > % v 4( 0.21 g/kg) % »* bicarbonate
trial e % £ 4 & kR EJRT o X R K EF %R VA H &
koEE KRR EEREFEE R X RE X R
& IR T AR e PR OBL B P ® O ok o

¥ r & i B P
ORI FE Y A AR N KB Bk PR E VST) &
PO ECRE O FOR R o X RE S R H YA L L E
A~ pd B = & o

SR R

—_

WAF TR ORI F k2 w7 - X8R A R
fe B F R T M OZ R B B & X 4 ( Newtest, Powertimers
300-series,) Bl #F % B B £ p* ( squat jump, SJ) ~ # & & & @B
( counter movement jump, CMJ) 2 3 B %2 50537 & 8 ( 4 B
3-4-1)- SJ & CMJ & B 3% » 50547k 88 = + %rig & &2 p 2

X 0 T B &% %X g 2 I

[
BN

s
B o

17



710 AR BFEIAFTHI EEERETREE T 0%

S E M BEFRSFEE RS F R P
(- ) ®&“*

A4 RFLLILALAmBEA F B I+ CATSYS 2000 System
(Snekkersten, Denmark)it 7 & 4 4 Bl 2E - F % F H 4
B 3-4-2 -

(=) P4

e 4 Bl R A L A Moy md AR T E P o ESD

(w
=3

o AR 0 W IBM g 3 2 £ Al R F - 5 H £ oA

A
e

#] 3 (visual vigilance) » & % + & (7 @l » F ¥ F 2 4 m
BLpF o 72 TR T L NG w0 B 3-4-3 %7 5 - Fow
F

T H £

balS

I

& B 3 (4-choice visual reaction time) » % 4 ;% #

X FE A S B R ¥ F N Roe B R R %

o2 T s uETE NS Qs W A S 4 e B 3-4-4 47
Moo A BRIEY FEFTEAM EHEITBE BEFET 0 L2
0 H L F RRELIRESF  F RBBEITALETETFRE M
S I N R

~ B ook B Bl F Volleyball Skill Test

Jir

R F T B LR SR RHREES DL R

TRl GE e S w2 XY BB R E Ao R gy T
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B ERA EZLLFY > BHRFEREEEREAEBERE D

i#ﬁir'g fi‘fr%@ o B TR MM

mo10 ¢ 9 BT A A

3-4-6) & 2% = (@ 3-4-7)

B L = % 4 B 3-4-5-

Fr e hooq ke b 45

I oo st LA AR F

B H o 3L AT N gk > Rxkdoidy L2 G R wR B R
(i

ENL £
% = ¥ Z (consistency) » & ¢t

(accuracy) > # & » A p % (¢ 3 3 2% % ¥ ) R

AL 04 o LTy 4

oz s B F ISP BGF T - TR H o 8 kA

ook LW B D 2% - % &
£ R - % A & 28 = F o

£t g 83k kL 154
£ 32 1% o

Accuracy score = (accuracy =t # )/32X100%

Consistency score = (Consistency =X # )/32X100%

(=) B B =

o4 w1l R
Poxk TR LB R 1S e fo R
HE R o R E e R 32
B Bt Poxpf§ ¥w
AL - eI . L PRl - S S 1)

AR o @ R 10 7k 2

&
W5 303 % AP B R R B s R

LR % BRRwREw X
c B B M =3Ikt B
ot o Bow R % B R OE R
BTk LB R 2 3 % e o B 3R
B EeBRR L4253 Eow
L 5k ts o k4 15 ) 0 B I

% (accuracy); ¥ A T 3 1 2 2ok Pl i o #

(consistency) ; # &4 Bl 5 0 &

19
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"

3.5 o L Tk Tk oo BTk B 4 4 B 3-4-8 1 7 o P 3%
FEEH ARG 15 2t s RN RHERME S Mk

oo B R R B R 2.5 8 30 R LS o

Accuracy score = (accuracy =t # )/30X100%

Consistency score = (consistency =t # )/30X100%
(=z ) pd 3 i =

232 2B FIHRE S LFFATARS

Fooopd ADPRRLS »2F o 5 EEE 2N
ok H ok agr S > pd R F R RAF RS T HL G F
PR RS REPN LG B fArZ By AR T
B #0222 % TR AR 20 % g P R
L oopd R MR TR ER 6K F - B

A 3 #x 18 ko Bk frde 3 3 e 3 T 20 F F O d B
poo Bl e A B gr X (accuracy) A B R AR R GO & A A
24 BB PN > Pl i 2 # F (consistency); H &4 pl i 0 & -
fod st BB E b o B 3-4-9 7 R o ded ¥ BE MR 2 2 ¢
REFTARE S EF . FRBEELHMR 15 2 3 2k

T HE R L o o
Accuracy score = (accuracy =t #)/18X100%

Consistency score = (consistency =t # )/18X100%

L R =

T6 Lk A7 % o % Newtest Bl @ % ( H 3-4-10)

20



B L F By ES X RF 10K R RGBS I
Newtest | :# & il £ < 2 § B # 2 8 & -

j\fi%‘ikb%
(- ) &4 p =

Boeo BRI E R (92T X 9 a ) oy

FiP] e sk e 4 A sk o Fop R 203k 0 F R B2 R4 0 e

R

3-4-11 #7 7% o#e:vz#—ﬁ':éﬁ_c’ o @ 1;}%;5@,;:7}3%3_;*
6 2 % Ry oo

=3

(=) @& ¥ = ¥

d oIk F AR =t Bk - @O s 20% 0 % o5
FIRhhRALAE RPN RR s L F Lo LR
Pl 2 8 o e B 3-4-12#%7 7 o

(=) B =

B R EF LB PR Fd 20K oK H e
B LR REABLATR oW 3-4-13 47 o

(=) B &%

LAY M 32 M (PRERE) EE T RE N D
B T F 20 % o 4o B 3-4-14 t 5 o

OB R H O BB 29 15-20 A 4
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A RER

P % > A2 #k = 4p % Canon IXUS 870 1S) & ¥ 4 # -
Baopd A 47 VST 2 @ A > iR B fr iR R s b 2§ kR ¥
[ F RPE & £ -

¥ I & 4004

op # & 7 R A~ 7 54 & Hitachi 7020, Ibaraki, Japan) -

os & F % A~ 47 & ( Osmetech OPTI4, Emergo, Europe) 4 47

pH & ~ 3 » B (pOz2)> = 5 M » B (pCO2) & X

( Hemoglobin) ~ = /% % % (base excess of blood - BEB) - 4

g3+ (K') s~ wmw s jp 5 o d A & ( BEecf )~ & # @ 9
(HCO3 ) -

o ke LA E 5 37C 0 PCOz 5 40 mmHg pF > jF %

B

- o d g o @ B pas B 7.40 4 F hak BN ek 2 T X

BEB = {pH - [7.40 - ( PCO, - 40) + 200]} X100

* 4 P BEB & # & 5 -2.3 ~ 2.3 mmol/L -

22



¥ a8 T AR

# PNaHCO; & NaCl & » #r ] & f & v F 5 8 > 2 v
4 1@ 2 L e fdie 1 £ 4 £ #ik two-way ANOVA i 7 &

F % ":;’L

¥ » 1 SPSS for Windows 15.0 5% & 47 » p & -] ** 0.05 i
BOY kR o i r TR E L ER o R ®F A (%
e T A 7

change) 3 & = 8 4o ™ » & I % 4p & %k & T & T &

% change= ( # & - = ) X100/ % =
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R

it

5

$ - & VST & »% & 2 %
j&l;ga‘né_}?\ #,*;,%@Lg;é’i#l6€,’#“%A&g

MiE L 16 2 > R OA &S HPEI 122 DB nLBEL B
oo % B £ VST % gF 5 % 14 B 4o B 4-1-1- 2 & VST # m
FoEhofs Rl v Rde i 4-1-1e B R BT FELE DX RBERE
FRYPR AT FE LS - X R R (p=0.042) PR A &
4 3 4

N

s%i?ﬁ—:'z;ﬂ;#’ﬁ&g’*“;g%?'zﬂ?fa#ésgia:—:’:;‘E'Jg‘ﬁ
g 3 F =

41 4% % ( p=0.055) - T ® 4o B 4-1-2> % 3
R s E L e B 4-1-3’%7%%;?“—;{%—:': VST & s & 5
0.14 £+ 0.09 % = = % 0.16 = 0.10 4p B % % r=0.62 ( 4= M
4-1-4)> % L B FAp M > fr 2 ¥ 4L B - k& u LRS-
P A E S VST R mP o 5 pl@2y ap i Lid) 2B sF
L VST #miis s Pl g ¥F L3 (p=0.028)-

Y-8 wEF %
4 ¢ %4 T E W 234 0 L § T 5 1665 2 4 A £
T 35 64.1 2 7 ; pH @& 4o B 4-2-1 %7 7 o BEB £ B 4 B 4-2-2
“ 5 o HCOg ik B 4o Bl 4-2-3 %57 o o p % % % % % = > BEB
kA ~HCOz kR » & #5 (5 30 A& B4t 2 » & 60 A &

5B % FF I 904 4 0 tx NaHCO; & # 2 30-60 ~ 48 1
TG o R ot o F] gt T AT F 0 protocol A & iE & w60

L ods B o4 B 74 % NaHCOgj o
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F2 8 R H%RER
TR FFNFHRY DX FRERE S RAEWE 4-3-10
control trial § # & T % 5 33.0 + 2.4C (range 27-387C )
bicarbonate trial & ™ 27°C ; &= % 38C ; T #= 52 33.0 + 2.7

C >» B §fEXAEAK¥FLE - RBA control trial & i 27% ;

# B 55% ; T 35 5 42 + 9.5% - Bicarbonate trial & & 27% ;
BB 60%; T3 i 43.0+ 10.3% & 2 R AE 2 8 ¥ £ 8 o
Ehop FE & 40 % 4-3-25 control trial # B & 1 6; & F 11
T3 L 8.0x1.70 i Bl & ™M 145 & 3% 20; T 5 17.0+ 1.5-

Bicarbonate trial = P/ & X 6> & % 11> L 25 5 8 = 1.8 {
Bl B 14> B ® 200 T35 17.0+x1.9> F B FEH pF R
# & @ oot B ( p<0.001) > & 2 Pre-match % % ¥ K *
Post-match (control trial : 7.88 + 1.80 vs. 17.12 + 1.54;
bicarbonate trial : 8.41 + 1.81 vs. 16.77 + 1.99) - 4 |+ £
FRREY N5 R A - R A 4 4-3-3° control trial § &
& T 33 4 25.2 + 2.6 C (range 22-30°C ) bicarbonate trial
B ™ 25C 5 & % 30C ;5 ¥ 5 26.7+£20C » » & B 5 F *

!

£ % ¥ £ 3 o & & control trial & < 40%; # & 83% ; T 5
% 49.9+ 12.3% - Bicarbonate trial & i 41% ; # 3

325 53.2 £ 11.4% > & =% B A &2 ¥ F LR -3k p FE 2
40 & 4-3-4 > control trial = Bl & ® 7; & 3 11; T 5 5 9.3 %
1.1 65 ) & ™ 9; % 3 18; T ¥ % 15.1 + 2.6° Bicarbonate trial
OB B M 60 kB 11> T L 9.4+£1.95 & R &M 11 & B
19, T3 % 16.1 £ 2.4, & 2 F F & p £ £ & & F F 22
( p<0.001):> & = Pre-match % % ¥ i * Post-match (control

trial : 9.30+ 1.16 vs. 15.10 + 2.64 ; bicarbonate trial : 9.40 +
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1.95 vs. 16.10 + 2.42) -

¥or & FH o A

7 M % ;éiﬂ’f control trial % {5 4 #%& » NaHCO; % {5 & &
ES IR = - S O - N %lﬂia‘r%#ﬁ TH ~FE v P ETE S KA
# B poeh VST Bk 1 2 VST # g 5 2 9 % i 4o & 3o
e A R r AP R (e Fh LR ) ERE R ES PR
T (M Az ), pd i Baffrdg e T % (7 7 X4
iR F R R ) VST &% F 1 2 VST
o F 25 deg s 4 VST ¥ 52 5 pre-match ¥ ¥ 3 *°
post-match ( p=0.048 > 4~ B 4-4-1) > VST = # % pre-match
2 post-match & % ¥ £ B2 ( 4 B 4-4-2) 4 M £ & ¥ 1 control
trial % % 4o #& B~ NaHCOg3 = & PF B % % £ 5t £ | p| 2 - ¥ i
deordp T H o FE e P EH KA BFEFRP o VST w5 1
2 OVST B pE & 2eh & 1 do b & So e # £ 3 o » B P R( ¢
A LR )RR R ES PR (ki) pd R
Merk frde g e TR (¢ 7 R dp LERPE BRI R R
T FE P )VST =2 F 12 VST = # F 20 % i e i & 6o
VST # s % pre-match £ post-match & % ¥ £ £ ( 4 B
4-4-3 ) » VST = # X pre-match % ¥ 3 * post-match
( p=0.003 + 4 B 4-4-4) -

¥ I8 F kR
(- ) K+ F &
L R Jﬂz Control trial ¥ bicarbonate trial = {5 ] pBF &

A F R R F A B 4-5-10 & u] g R 2 e w XERF L3 0F
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* % @ B ¥ £ B - Control trial 2 Dbicarbonate trial & ‘e

A

pre-match % post-match z. & = & ¢ ¥ 0 X & o

) B4R
e —‘ﬁ Control trial & bicarbonate trial = {3 | pF &
B £ R4 B R PR B 4-5-20 w2 pE R OZ o ou XPFRF R
3 iF % % & kg ¥ £ £ o Control trial ¥ bicarbonate trial # %
pre-match 2 post-match 2. & 7~ & ¥ ¥ v £ £ - Control trial
22 bicarbonate trial # & B F F e % LR 4 F R P P 4 B
4-5-3 > e W & @ F 2 e W XEFRF LI EF Y g N F LR
( p=0.052) - Control trial # pre-match 2 post-match 2 F &

¥ ¥ oo 4L % > @ bicarbonate trial  pre-match % ¥ 3 >

post-match ( p=0.007) -

FoAOE 4Rl
~ 2 3% 4 Control trial & bicarbonate trial % & il pF &
IF R R R oA 4-6-1 %2 B 4-6-1 e w & @R oaE K F LR o
wou] XPFER X3 F % & OB ¥ ok s (p=0.713) - Control trial
bicarbonate trial # % pre-match 2 post-match z F ¥ & ¥ ¥

£ & 20 A4
(- ) pH & % ©
g X R —‘ﬁ Control trial & bicarbonate trial = {3 | P& &
o pH B O M 4 B 4-7-1> &= oW~ EFR Y R R F LR
( p<0.001) - Control trial % pH & Pre-match (7.39 = 0.03)
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¥  Post-match (7.21 + 0.05) 7 % ¥ £ £ (p<0.001) -
Bicarbonate trial 2 & 7 % ¥ £ £ (p<0.001) - Pre-match (7.44
+ 0.02)™ ¥ ¥ & * Post-match (7.28 £ 0.03) - * £ = @
Control trial & bicarbonate trial = & | pF & 0 pH & % ©* 4r
B 4-7-2> %2 9 ~pFF ¥ 5 R E ¥ L B (p<0.001)-Control trial
¢ pH & Pre-match (7.34 £ 0.03)2 Post-match (7.16 = 0.04)
+ & ¥ % R (p<0.001) - Bicarbonate trial 2 B 1 % % £ 2
(p<0.001) » Pre-match (7.44 £ 0.08)7 % ¥ % > Post-match

(7.25 + 0.08)

(- ) BEB k & # i

g X R —‘ﬁ Control trial & bicarbonate trial = {3 | pF &
7 BEB B B % v 4 B 4-7-3 > & u ~ g RF ¥ i B ¥ LB
( p<0.001)- Control trial &5 BEB }k # Pre-match (4.01 £ 1.29
mM) £  Post-match (-11.31 * 2.74 mM) 7 ¥ ¥ £ 2
(p<0.001) - Bicarbonate trial z & 3 % ¥ £ £ (p<0.001) >
Pre-match (8.48 £+ 2.41 mM)% ¥ % * Post-match (-7.77
3.13 mM) o & H % & —“Ff Control trial ¥ bicarbonate trial = i
B PR 9 BEB Bk B # i v B 4-7-4> 2 u ~ BFF % E 8 ¥ L
£ ( p<0.001)- Control trial < BEB j& B Pre-match (2.85 + 0.81
mM) £  Post-match (-11.65 * 2.37 mM) 7 % ¥ £ 2
(p<0.001) - Bicarbonate trial z & 7 % ¥ £ £ (p<0.001) >
Pre-match (9.47 £+ 3.71 mM)% ¥ % * Post-match (-6.79
2.89 mM) -
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(=z ) HCOszs &k B ® 1

g M X R ﬁ Control trial & bicarbonate trial = {3 | pF &
# HCO3z B B % 4 B 4-7-5> & u ~ pr [ i & ¥ £ B
( p<0.001) - Control trial ¢ HCO3 ;8 & Pre-match (30.64 *
2.55 mM) £ Post-match (15.86 + 2.66 mM) 7 % % % 2
(p<0.001) - Bicarbonate trial z & 3 % ¥ £ % (p<0.001) >
Pre-match (33.92 + 2.60 mM)% ¥ % *° Post-match (18.44 =
3.48 mM) o & [ X ﬁ Control trial 2 bicarbonate trial = {&
BPEFR 9 HCOz )k B B i v B 4-7-6> 2w - F B £ & ¥ £ 8
( p<0.001) - Control trial » HCO3 k B Pre-match (29.56+
1.70 mM) ¥ Post-match (16.72 + 2.25 mM) 3 % ¥ % 2
(p<0.001) - Bicarbonate trial z & 3 % ¥ £ % (p<0.001) -
Pre-match (35.55 + 3.68 mM)% ¥ % *° Post-match (20.33 =
2.51 mM) -

(e ) KNig

g X R —‘ﬁ Control trial & bicarbonate trial = {s | P& &
KT % i 4o B 4-7-7> 26 A2 B ¥oc k0 BFEFIERE
% »c i ( p=0.011)- Control trial ¢» K"} B Pre-match (3.82 *
0.26 mM)# Post-match (3.66 + 0.36 mM) % £ 5| & ¥ £ £ -
Bicarbonate trial 2 # 3 % ¥ £ £ (p=0.031) - Pre-match (3.70
+ 0.20 mM) % ¥ % ** Post-match (3.51 + 0.34 mM) - * & % #
;F'k Control trial ¥ bicarbonate trial # 5 # pF B o K" & % 1
e B 4-7-8 > ® ou A i M OF ok 5 o PR OB R OR N F %R
( p<0.001 ) - Control trial =z F K"k B 3 ¥ ¥ £ 2
(p=0.011) > Pre-match (3.96 + 0.42 mM)% ¥ % * Post-match
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(3.46 £ 0.36 mM) - Bicarbonate trial 2z & 37 % ¥ £ 2
(p=0.001) > Pre-match (3.79 * 0.32 mM) = ¥ ¥ 3
Post-match (3.27 =+ 0.23 mM) -

( ¥ ) Lactate & % i

g X R —‘ﬁ Control trial & bicarbonate trial = {s B P& &
1 lactate & % © 4r B 4-7-9 & w] @2 g F 2 e ou XpF LS
T * ¥ i & ¥ »z B( p=0.005> p<0.001> p=0.007)- Control trial
¢ lactate )k B Post-match (17.63 £ 3.07 mM) % ¥ 5
Pre-match (3.25 £ 0.79 mM) » = ﬁ 7 B ¥ 41 B (p<0.001) -
Bicarbonate trial =z & ~ 3 ¥ ¥ & £ R (p<0.001) -
Post-match(20.60 £ 2.51 mM)% ¥ % ** Pre-match (3.68 £ 0.67
mM) o & 4 X R dﬂz Control trial ¥ bicarbonate trial = & p| p*
0 lactate & % v 4o B 4-7-10> & &) & pF F 2 % u] X P R
3 e & E B ¥ 2 g (p=0.008> p<0.001:> p=0.002)- Control
trial # lactate Jk 2 Post-match (14.55 + 2.48 mM) % ¥ 3
Pre-match (2.71 £ 1.08 mM) » = —*‘Ff 7 B F 4L B (p<0.001) -
Bicarbonate trial =z & ~ 3 ¥ ¥ & % R (p<0.001) -
Post-match(17.42 £ 2.85 mM) % ¥ % * Pre-match (3.17 = 1.45
mM) o

(= ) : % | » b %

#-4r 3 4 it &~ 45 5 P 0 control trail ¥ bicarbonate trial
EFRBgE AP E R AR TR pH kA
O F A R 4o B 4-7-115 BEB R B xR F A W % L 40 R
4-7-12; HCO3 ik B #x % F A 4 Bl 4-7-13; K 'k B sc % F A
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oo B 4-7-14; Lactate )k B X ¥ F A 0 4o B 4-7-15; VST #
FE X T % P A v Ao Bl 4-7-16; VST = ## X 2 7 4~ ¢ de B
4-7-17 - BEB kB & =% trial & eh:x & F & v control trial &
¥ 4 % bicarbonate trial (control trial : -139.78 + 23.47% vs.
bicarbonate trial : -263.61 + 184.66% > p=0.009) - H & # k
Bad eRBagF s gy Fitai g o~ Eg pH
kR R R P A% 4o B 4-7-18; BEB E R iz g F A %I
4o Bl 4-7-19; HCOz ik & =x % 7 » ' 4o B 4-7-20; Kk & &
$ F A v 4o B 4-7-21; Lactate Jk & = % F A WV 4o B 4-7-22;
VST # e F iz % g » W 4o B 4-7-23; VST = # F s % 7 » v
4v B 4-7-24-BEB jk B & = trial @ vz % 7 4 + control trial
B % ™ » bicarbonate trial (control trial : -580.32 + 316.83%
vs. bicarbonate trial : -224.31+ 75.69% > p=0.008) - # 4 # Kk

BAd By s v g Fiadid o

1
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¥ L E HHb

dot P IR RN AR M OB T 3 5 A § % 3 4 Volleyball
Skill Test it  »c % 41 3 X Rl FF hip M BH > 2 &2 % 52 B
KR HKeh i B o Fdow 60 A 44 L NaHCO3 ¥ H# 4 &
B 4 o L HERY R VSTRAEF R L

P 3 M NaHCO3 2 # 2 chFP § » * % % B3 M a > &

= »
o
.
_j
T
~m
B %

TP A R e KA o M A R R
oA H F oA T A E R e AL o TR
NaHCO3 * Ho# £ 16 » ¥ B HE L 4 S p E o

M op oM 7 #ENRHCO3 & & & 7 F i B f8
»c o Artioli % (2007) A ®] 2 9 &40 14 % 3 i i
wA 3 F R R RE 4w L L P R E > NaHCO; 2 #%
Pris o BRI EHE - = w bR oM ARy £ o3P

2 vww &£ h T e kP R4 e o a Bird %

—=\

Rl

1995)m 10 ¢ ¥ M ¢ L EH E £ £ 7 6 & 1500 = = §& ¥ >
o NaHCOz &2 e pr B 9 B ¥ fn 4 2 2 % F & & B -

-

4 R R OB TR T R e ¥ i 40 & o$

i

& LY & kg ¥ P o Webster ¥ (1993) # 3t 6 & 7 |4
7 4 =% 12 # 4F <1 leg press pl # - & M B R A I th T3 E

e
L > & NaHCO3; &2 3 4 = & % 5 =S & & % m ¥

LakgF i &
F AR 4 e o m Portington & (1998) » 15 £ 9§ H F
# i 7 5= 12 & 4 # leg press #l 3 » % 3 NaHCO;3 = « pH

@ - HCO3 )k A "BEB )k B ~ F* B ER * H F 33 & =2
e 3@ 6 £ 4@ kg ¥ £ B - Stephens & (2002) 4l * 6 % ¥
BB R R e F D B R R BEARS E oA E TR
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¥ (NaHCOjz & : 274 £ 13 W ; 4 4] & : 274 £ 16W ) - y+ ¢

Bishop & (2004) # 3t 6 &£ ~ M4 & & R &2 (F 5 X 6 f) e 4w
# jpl % > NaHCO; &= ¢ pH & ~ HCO3 )k B ~ f e ik R % &

2 & B ¥ £ P > NaHCOsz & éh i it » & ¥ & > £ 4 4

(16.5+ 3.1 vs. 15.7 £ 3.0 KJ) > NaHCO3 & % = ~ = ~ 7
LEFI T4l e-F F 0 16 ¢
EEC AN SR GAPANR N R A UGB ST - A S 2
B E EiEa 4 ok : £
Bz ARG £ 3 5
Fofr 4 ke 3 # & g £ (Bishop et al., 2004) -

~F 7 R ot %P> NaHCOS ¢ :x ® # & o » g ¥ pH &
HCO; k2 ~BEB kB & S B % 7 8 ¥ 3 4l 2o i $

CEUE LTS S

i

BN AU O | NS T B G A

=
Ay

PR E E 2 R Y PR NaHCO;3 &

B
"

-k

<

o

B e B E R e Y pHE ~HCO3z3k A ~BEB kB & ¥ & ¥ <

B LB oA PR LEFR N E R LB o P e hE
B & P~ NaHCO3 - s 43 # 4 v 0 ¥ fray 4 o

FE L0 F B R (7T 28R 3 840 §FY

¥ % > # > 0.3 g/kg @7 NaHCO3 & CaCO3 3 ** 400 mL <

kP2 t8 o B 180 4~ 4 p 0 B OFR 30 4 s on TS o B

% 30~ 60~ 90~ 120 » 48 NaHCO3z & & # + k & ¥ ¥

3
aCOz &= » & £ F & % 30 » & # > NaHCO; it } »
e vu o 4 R i 4 (Renfree, 2007) - @ Siegler & ( 2009)
PoRE 4y 4 4 i & W 60 A 45 # P~ 0.3 g/kg 7 NaHCO; &% #

d % NaHCO3 v g 7 i » & @ ¥ 5 &% #l @ % > § @
NaHCO3 & 7 F r vk 0 % i % % & @ =
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EOP OB oo B AR B % Lk ¥ NaHCO3 %
ck FoRE e g oo & 2% 5 NaHCOz 3 ok
4 B g E AT  HCO3z &+ 2 & COy

% @ ¢ pH @& -~ HCOz ik B -
2

BEB ik B ¥ i2 3 W X eh £ B % 48 5 NaHCO3 % i¢ € 0.3

g/kg 0 NaHCO3 # % i3 * -k ¢ » # @ % 0.15 M ik B -
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gz s 9 R R VST RIS

control bicarbonate
NO. pretest posttest pretest posttest

1 21.875 25.000 15.625 21.875
2 31.250 12.500 34.375 25.000
3 25.000 34.375 21.875 15.625
4 25.000 25.000 12.500 28.125
5 6.250 12.500 6.250 15.625
6 9.375 9.375 25.000 12.500
7 40.625 18.750 40.625 28.125
8 21.875 12.500 31.250 18.750
9 37.500 1.875 21.875 31.250
10 6.250 9.375 9.375 3.125
11 16.667 20.000 10.000 16.667
12 3.333 10.000 26.667 16.667
13 16.667 23.333 33.333 26.667
14 13.333 0.000 6.667 3.333
15 33.333 16.667 27.778 33.333
16 38.889 27.778 22.222 11111
17 44.444 16.667 22.222 11111
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CE TN REE = AV SR

control bicarbonate
NO. pretest posttest pretest posttest
1 65625 56.250  68.750 71.875
2  50.000 56.250 84.375 78.125
3  65.625 68.750  62.500 65.625
4 71875 81.250 62.500 87.500
5 53125 65.625  62.500 62.500
6  75.000 71.875  87.500 87.500
7 81.250 59.375  87.500 78.125
8 78125 56.250  68.750 65.625
9 78125 75.000 71.875 75.000
10 62.500 56.250 65.625 59.375
11  46.667 46.667  16.667 30.000
12 6.667 33.333  46.667 46.667
13 36.667 33.333  43.333 46.667
14  36.667 30.000 33.333 33.333
15 61111 38.889  50.000 33.333
16  44.444 44.444  38.889 11.111

=
\‘

66.667 44444  27.778 27.778
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T s AR R VST RIS

control bicarbonate

NO. pretest posttest pretest posttest
15.625 21.875 9.370 25.000
21.875 31.250 21.875 12.500
15.625 34.375 9.375 15.625
21.875 18.750 21.875 18.750
25.000 15625 12.500 15.625
18.750 15625 18.750 18.750

3.125 9.375 6.250 12.500
27.770 16.660  33.330 55.550
33.330 27.770  16.660 22.220
13.330 26.660  33.330 36.660

O© 00 N O O A W DN P

=
o
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e s RO VST R A #

control bicarbonate

NO. pretest  posttest  pretest  posttest

40.781 31469  53.219 37.750
65.844 31.563  40.844 40.750
50.156 34.719  46.969 34.531
43.969 28.313  47.156 37.688
40.875 37.656  46.969 47.031
34.563 28.281  47.063 28.313
62.531 50.094  40.688 56.375
16.944 33500 33.611 11.667
33.667 22500 27.944 22.444
30.133 30.267  27.000 23.700
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Z— ~ AT u NaHCOs $13i& # £ ILAP B A7 7

e £ E 5 P S % 55 %k
, . A
24 + 5 1+ 03g/kg 304 wingate plz& v 0 Douroudos et d., 2006
At
0.5 g/kg
9 ¢ : o #£ % 7t * McNaughtonet al.
N\ / > B2 \/ ) 1
" 0.1g/kg 14 48 wingate ip| & B 5 4 1902
0.2 g/kg
0.3 g/kg
0.4 g/kg
0.5 g/kg

10 45 ~ 30 #5 ~ 120
32 %1 03gkg #2400 %8 Bl Vv
73R

E# % I McNaughton et al.,
BT A 40 1992
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e ik E e 5 kL B 54 2 Rk
23 ¢ 4= £ 3B piE 4 OIR .
y 39k o .., Artiol ., 2007
apas O39ag p e T g A0S 20
<z
13"“("‘:5" [N s =k li;jl:éj?:
T}; Tk 0.3 g/kg 30 #; wingate ip|:# B 5 e Inbar et a., 1983
Bt o
10 24 42 0.3 g/kg 5X6 £} %rky # i b PPN Bighop et ., 2004
v = U.o0/kg ) = 2 e ]E&E-%‘r P g
H e
10:-%% B v s FBH ¥ Segler & Hirscher,
. 03gkg 4= 3w & % %l oy 010
Ry B
15 &9 4 10 = 10 4 #%rigs & NS _
8 okt 0.3 g/kg ~ #i%]ﬂzdé " Lavernder & Bird, 1989
*‘%Ef?i‘éﬁ 4r
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11 &+ @
- 3 XX
SREh o | =L Tiryeki
N g o ope ey TITyaKi & Atterbom,
4 2o 030Kkg 6002 < ks BMFL O
AIE R *
6 ¢ S 12 £ R P
g O3g/kg PJFé # 8 ¥ £ Webster et al., 1993
2
, - Ef A IR
5= 12 £4 =
15 7 1 030Ky oo | N # 5 % £ Portington et al., 1998
' 2
Eh 4R
691 2% 200 2 & ¥ 2
sz ¢ 030k T i
Sriiig £ o’kg Rl g ¥ Pruscino et al., 2008
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% 321~ VST Rl 34 A T4 4

B P
£ 7 (n=16) 7 (n=16) + (n=18)
B 20.50 £ 150 1968084 2008+ 0.92
2 181.68 + 5.5 17687+387  16381+522
W 79.58 + 12.75 734121 53.88 + 4.17
s 9.18+ 2.57 533+ 2.95 571+ 2.55
St?ff f}”)mp 4340+ 5,62 43464627  2085+411
Counter
Movement
T 55.86 +6.87 5820+562 3906+ 6.02
(= %)
5052 ) 257+0.18 267+0.21 289+ 0.27
505(+) 251+ 0.16 265+ 0.24 293+0.23
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2ALL SR FAATHA

7354 L 3L
WoBL  E# L g MWE R KR E#& L3 HE
1 283 185 70.9 7 18 21 165 574 11
2 22 185 102.2 9 19 19 172 724 6
3 23 192 76.8 5 20 20 164 58.0 75
4 21 186 921 12 21 19 168 52.0 4
5 19 182 634 4 2 20 174 59.5 4
6 19 184 721 9 23 19 176 64.5 3
7 20 183 824 12 24 19 168 62.5 6
8 20 186 823 10 25 20 160 554 7
9 20 184 720 8 26 20 163 52.7 5
10 18 180 75.0 7 21 20 160 54.0 8
11 19 180 106.5 11
12 20 178 63.0 11
13 23 183 852 13
14 20 183 65.6 7
15 20 169 748 10
16 20 170 69.5 8
17 21 181 916 12
= 20.47 181.82 79.14 9.12 T iz 19.70 167.00 58.84 6.15

w®Z 150

5.58 12.88 2.60 #+# £

0.67

562 6.26 2.36
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4 431 & %ou) VST EAEfRE L

g

B S F- =% EHE #F piE &
gl
t# 4 120 1719+947 21.09+1215 313-37.50 0323 0.312
53 2 667+943 10.00+4.71 0-13.33

fj: ; 2 3056+11.79 36.11+393  22.22-38.89

E 16 17.54+10.93 21.58+ 12.53 0-0.38.89 0.048 0.501*

PR

A &
It £ 13 1274+7.38 12.02+4.92 3.13-2813 0397 0.246
B R 2 008+0.02 1333+4.71 6.67-16.67

P 1 22.22 27.78 22.22-27.78

R

{0 16 12.78+7.25 13.17+6.02 3.13-2813 0149 0.378

.

oy Ade ¥- = ¥- = #H pi i

P H

A &
t#+ 9 1493+867 1424+8.99 3.13-2813  0.061 0.644
53 2 0 1.67+2.36 0-3.33

f . ’ 1 27.78 33.33 27.78-33.33

R

E 12 11.84+9.17 13.63+10.03 0-33.33 0.002 0.807*
A
¥+ 6 677+415 11.98+801 0-28.13 0.158  0.655
Bt R

pd

Ik A

g 6 677+415 11.98+8.01 0-28.13 0.158  0.655

*UEBE S VST it A E AR M
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1431 THEREEXARYTAFRR EA A

wE R

NO. control  bicarbonate control bicarbonate
1 32 31 28 27
2 31 32 27 40
3 32 34 40 40
4 34 32 40 28
5 34 38 55 27
6 38 34 27 55
7 32 29 50 60
8 33 30 50 50
9 30 33 50 55
10 33 33 55 43
11 36 27 35 50
12 27 36 50 35
13 32 34 35 35
14 34 32 35 35
15 33 36 43 50
16 34 33 50 43
17 35 36 40 50
T a#c 329 329 41.8 425
Rz 2.451 2.785 9.562 10.357
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Control Bicarbonate
NO. pretest  posttest  pretest  posttest

1 8 16 6 18

2 11 18 9 14

3 8 18 6 16

4 6 15 7 16

5 9 17 9 17

6 11 18 11 14

7 9 14 7 15

8 6 17 8 19

9 6 18 6 15

10 6 19 9 18

11 9 16 11 19

12 7 17 9 16

13 6 17 6 15

14 10 15 10 15

15 6 18 11 19

16 7 18 9 19

17 9 20 9 20

T gk 7.9 17.1 8.4 16.8

2 1.799 1.536 1.805 1.985
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2433 A PIFLRRYETXFERCER A

B AR

NO. control bicarbonate control bicarbonate
18 30 29 83 56
19 25 30 51 83
20 26 29 50 56
21 25 25 50 53
22 25 26 41 50
23 25 25 51 50
24 22 28 44 47
25 29 25 40 45
26 22 25 44 51
27 23 25 45 41

T gk 25.2 26.7 499 53.2

LS 2.658 2058 12.333 11.468
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2434 AL ER L E

S

Control Bicarbonate

NO. pretest  posttest  pretest  posttest
18 9 17 11 19
19 9 13 11 17
20 9 15 10 13
21 10 17 11 18
22 9 17 6 16
23 9 18 10 17
24 9 15 9 16
25 11 14 9 16
26 11 16 11 18
27 7 9 6 11

E=E S 9.3 15.1 9.4 16.1

S 1.160 2.644 1.955 2.424
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5461 4R EE R A A

Control Bicarbonate

NO. pretest  posttest  pretest  posttest
18 4091 39.87 39.32 37.36
19 29.72 30.22 30.94 30.31
24 32.14 30.94 31.75 32.48
25 4455 44.25 51.84 52.62
26 34.04 33.71 37.21 35.94
27 38.13 38.73 39.24 41.12

T gk 36.58 36.29 38.38 38.31

L 5.62 5.55 7.53 7.96
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Ingestion NaHCO; or NaCl
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Volleyball Skill Test 1
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Simulation Game
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r=0517
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pH

7.5

7.45

7.4

7.35

7.3

pretest 0 30 60 90 posttest
P

Bl 4-2-1 ~ NaHCOs; & 4~ #+ + 5 50 #9 2% pH & (N=4)
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BEB ( mmol/L)
o 5 &

o

)
pretest 0 30 60 90 p&\est

i

B 4-2-2~ NaHCOz; # 46+ + 5+ %9 % BEB k& (N=4)
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40

35

30

25

HCO3 (mmol/L)

20

pretet 0 30 60 90 postest
P

B 4-2-3~ NaHCOz; # 4%+ + § = %9 % HCOs k& (N=4)
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40

30

20

VST A % (%)

10

control bicarbonate

B] 4-4-1 ~ § % control trial £2 bicarbonate trial 5% +“ %’a"
(O) t (M) VST Fxm

Trial effect » p=0.527

Time effect » p=0.048

Trial X time effect - p=0.919
* - tid By REFLR
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60 |-

VST # ¥ (%)
5

2 -

control bicarbonate

B 4-4-2 ~ 3 % control trial & bicarbonate trial #-#5t v+ o

Trial effect » p=0.180
Time effect > p=0.489
Trial X time effect > p=0.124
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20

VST# /& (%)

10

control bicarbonate
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