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Comparing the effect of creatine malate, betaine and beta-alanine supplements
on buffering capacity and fatigue of boxers
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; Taking sports supplements helps to improve sports performance in different
0;516%671087881\1 ways. The purpose of this research was to compare the effect of creatine malate,

betaine and beta-alanine supplements on buffering capacity and fatigue of boxing
athletes.
AmirHosein Rahmanpour
Department of Sports Physiology, | Methods:
Faculty of Educational Sciences | This was a quasi-experimental and applied study in which 15 boxers (with a
and Psychology, University of | mean + SD of weight 75.15 + 7.30 kg, height 174.46 £+ 7.21 cm, and age 25.69 £+

Mohaghegh Ardabili, Ardabil, | 2.75 years) were tested with available samples in a crossover manner in 4 phases
Iran. (control, beta-alanine (4 g), creatine malate (4 g) and betaine (2.5 g)) in ten-day

Roghayyeh Afroundeh periods with a 2-week washout period. Blood samples were collected at the end
Department of Sports Physiology, of each loading period. Data were analyzed using the repeated measures analysis

Faculty of Educational Sciences and
Psychology, University of
Mohaghegh Ardabili, Ardabil, Iran.

of variance statistical method.

Nima Moloudi Results:
Department of Sports Physiology, ANOVA with repeated measures analysis showed that creatine kinase levels
Faculty of Educational Sciences and | were significantly lower following creatine malate intake compared to control
Psychology, University of (p=0.001), beta-alanine (p=0.01) and betaine (p=0.025). Plasma carnosine levels

Mohaghegh Ardabili, Ardabil, Iran.
Ali Nasri Asl
Department of Sports Physiology,

were significantly higher following beta-alanine intake compared to control,
creatine malate and betaine groups (p=0.001). Plasma bicarbonate levels were
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. Conclusion:
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concentrations (fatigue) compared to other supplements, and is likely to lead to
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Extended Abstract
Introduction:

Supplementation is a common strategy employed by athletes to achieve performance goals and
enhance athletic capabilities. One of the primary objectives of supplement consumption among
athletes is the reduction of muscle damage (1). Exercise-induced muscle damage leads to
decreased muscle force, increased soreness, and impaired muscle function (2). Beyond structural
muscle damage resulting from overstretching of muscle fibers, muscle acidosis is another
significant contributor to fatigue development during intense exercise (3). The body intelligently
activates mechanisms to reduce hydrogen ion levels. One such mechanism involves intracellular
and extracellular buffering systems. Hydrogen ions produced are neutralized by intracellular
buffers (carnosine, phosphate) and extracellular buffers (bicarbonate) (5). Creatine malate is a
highly popular supplement among athletes. Creatine itself is an organic compound synthesized
from three amino acids: methionine, arginine, and glycine. Beta-alanine is a non-essential amino
acid synthesized in the liver through the reduction of nitrogenous organic bases, uracil and
thymine. It serves as a crucial precursor to carnosine, a dipeptide formed by combining beta-
alanine with the amino acid histidine (7). The bicarbonate system, as the most important
extracellular buffer, also plays a significant role in mitigating hydrogen ion accumulation during
exercise (8). Betaine, a neutral zwitterionic compound derived from glycine, is gaining increasing
popularity as a supplement. Betaine is synthesized in the body through the oxidation of choline-
containing compounds (11). One of betaine's key physiological functions is osmoprotection,
safeguarding cells against dehydration. It acts as an osmolyte, promoting increased cellular water
retention. A review of the existing literature reveals no studies have directly compared the effects
of creatine malate, betaine, and beta-alanine supplements to determine which might offer superior
benefits for athletic performance. Therefore, the present study aimed to investigate the impact of
these supplementation on buffering capacity and fatigue in boxers.

Methodology:

The target population for this research comprised boxers residing in Tonekabon County. A total
of 15 athletes participated in the research. Each participant signed an informed consent form.
Throughout the study period, participants were instructed to maintain their usual dietary habits
without making any changes to their diet. Initially, dependent variables were measured in all
participants at baseline (i.e., before any supplement consumption), serving as the control
condition. Starting the next day, participants consumed one of the randomly assigned supplements
for ten days. After this initial supplementation period, dependent variables were measured again.
A two-week washout period was then implemented to eliminate any residual effects of the
consumed supplement, during which participants abstained from all supplements. Following the
two-week washout, participants consumed a second randomly selected supplement for ten days.
Dependent variables were re-measured at the end of this second supplementation period. Another
two-week washout period followed to clear the effects of the second supplement. Finally, after
the second washout, participants consumed the third supplement for ten days, with dependent
variables measured once more at the end of this final supplementation phase. The order of
supplement administration was randomized for each participant. The supplements administered
were as follows: Beta-alanine: 4 grams daily, divided into two 2-gram doses with breakfast and
lunch. Creatine Malate: 4 grams daily, Betaine: 2.5 grams daily. ANOV A with repeated measures
was utilized for data analysis, followed by Tukey's post-hoc test for pairwise comparisons. A
statistical significance level of P<(0.05 was set for all statistical analyses.
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Results:

Repeated measures ANOVA revealed significant differences in plasma levels of creatine kinase
(CK) (F=7.27, P=0.004), carnosine (F=49.29, P=0.001), lactate (F=20.83, P=0.001), and
bicarbonate (F=4.62, P=0.024) across the different supplement conditions. Further Tukey's post-
hoc test indicated that plasma CK levels were significantly lower after creatine malate
consumption compared to beta-alanine (P=0.01), betaine (P=0.025), and the control condition
(P=0.001). However, no significant differences in plasma CK levels were observed among the
beta-alanine, betaine, and control groups. Plasma carnosine levels were significantly higher
following beta-alanine supplementation compared to creatine malate (P=0.001), betaine
(P=0.001), and the control condition (P=0.001). Conversely, there were no significant differences
in plasma carnosine levels among the creatine malate, betaine, and control groups. Plasma lactate
levels were significantly lower with beta-alanine supplementation compared to creatine malate
(P=0.001), betaine (P=0.001), and the control condition (P=0.001). However, no significant
differences in plasma lactate levels were observed among the creatine malate, betaine, and control
groups. Tukey's post-hoc test results showed that plasma bicarbonate levels were significantly
higher following beta-alanine supplementation compared to creatine malate (P=0.001) and the
control condition (P=0.008). However, there was no significant difference compared to betaine.
Furthermore, no significant differences in plasma bicarbonate levels were found among the
creatine malate, betaine, and control groups.

Discusion:

In conclusion, the findings of the present study suggest that beta-alanine supplementation
increases plasma carnosine and bicarbonate levels in boxers. Furthermore, this improved
buffering capacity appears to have contributed to a reduction in acidosis and lactate production.
However, this supplement did not show an effect on blood creatine kinase levels, an indicator of
muscle damage. Conversely, creatine malate supplementation led to a decrease in blood creatine
kinase concentration. One of the primary mechanisms which creatine is thought to reduce CK
release is by regulating calcium homeostasis. Disruption of calcium homeostasis, often due to
sarcoplasmic reticulum damage, leads to increased cytosolic calcium concentration, which is a
known initiator of muscle damage. Creatine aids the function of the sarcoplasmic reticulum
calcium pump by maintaining ATP production (18). Carnosine and bicarbonate are endogenous
buffers that can neutralize hydrogen ion accumulation and delay the onset of fatigue. It appears
that following beta-alanine ingestion, blood beta-alanine levels rise, which is then taken up by
muscles, leading to increased carnosine synthesis (21). Carnosine plays a crucial role in
excitation-contraction coupling in skeletal muscle by regulating enzymes involved in ATPase
activation. Increased carnosine levels can enhance calcium sensitivity in muscle fibers (23).
Moreover, carnosine has been shown to increase calcium sensitivity in contractile elements, which
can lead to increased muscle power and reduced fatigue. Muscle fatigue is a primary factor in
reduced muscle power and force. Lactate accumulation in the blood reflects muscle lactate
production. Furthermore, increased hydrogen ion production is associated with a decrease in pH
and acidosis, both contributing to muscle fatigue and potentially inhibiting energy production via
glycolysis (24). Increased hydrogen ions can displace calcium from the active site of troponin C,
thereby inhibiting contraction and calcium reuptake into the sarcoplasmic reticulum. The present
study observed a reduction in blood lactate with beta-alanine supplementation and no effect from
other supplements.



0Pl loog)S (5559 (Gl 4yl

Y oylowi ¥ 0,98 Y E4E oo

(S § S 5 b b g1 T Ly g opadlis (Vo i1, (5l JoSo 53 dany i

oS g ohhB-))9

DS

G S oSS (55559 3, 8as g & (Ao sloel) | (035)9 (sloJoSe By td0dlo
5 Sl cdb p VT by g ol VL 3l ladae 13U anlis s g |
D9 S92 HBB)ye (Kiws

5 03k b) S5 55500 ] )3 & 39 (93,8 9 (228 Aoy alllas () 1 8aST (b
VOIS £ YIVD (yo g ol WE/ES £ VIYY 35 (o SohS VAN £ VIY+ 559 5 lnbl ool
DA 05 ) VI JS) o ¥ 33 35 oS oty o sirs 5 (638 2ignd  ( Jlo
3 Gialel 3)90 (65lwiSL 0,93 axan ¥ L ojg500 (slmoygs y ((p,5 Y/0) oplo ¢ (2,5 ¥) &Yl
olal gy 5 ookl b s o3l .as (g ylxen (635 ,b 0)9d o (sl 3 o> (cladiges 4B S
Wl Jelos S 655 0jI L uilly Jolos

4 5 S allo ol LS 5K (5S o3l L anly Sy (dlgl g0l elowigan 2w b aidly
(D=+1-70) 55t 5 (P=+1+1) Ty =+ +1) 55 bl > <L 51,5 e L
09,5 b Aulie 1> VI by Byme JUid 4 (390)l8 (plowsdly polio 392 yiaS (53l im0 soboty
Sl S tlowrdly ol (e ) 33 il (65 ine ot 55 5 Lo (1 S5 sl
ot (D=+1-F) SYla 5318 5 (D=l +A) S5 | dunlio 13 V1 by e JUis
Jbos & GlSY polie .l (gyly xe ©glas (P=+/VFY) 1l 09,5 b Lol 09y jiiin (o)l sixe
(P = 11+ Y) 33 28 (5 foinm ot (551 5 Sl (515 S by gl 5 VT, G e
0ishlS e (I3l 52 10 sl oo b duglie ) VI 56 sy oo 105 2 3 5 ol
S 4 sty Vlaio) ol it ((S5u) SSY Sl 2015 5 (Sl €4 8) S 5
D9 e S OhKS559 3 (b)y9 2 Mes

Yl 518 (ot YTl iy S cj)lS 35S 51

) s,
V¥ ¥
o pdy G,
VE¥ oYY -
Sl LLa
Y.5e-Y-YA
295905 Ly y20l
pole 0uSiily ¢ B3y9 (53909348 09,5
Giaze o8l ¢ pmwliislyy 5 sy
ol eons) el
0uig 8l aud
pole 0uSiily ¢ B3y9 (53909348 09,5
Gize o8l ¢ pmwliislyy 5 sy
ol eods) el
wla ©3990 bow
0 a3l (55559 (SFo)5n 38 09,5
oSS« qunnsliily) 5 (3 pole
Ol eded)l o Jod)l 3>
Jol g pai Je
pole oS> (B39 (STl 348 09,5
Bixo o8l ¢ pmuoliiily) o sy
ol edons) el
(gt ol g
05g,0] 4.,

: o)

afroundeh@gmail.com
https://orcid.org/0000-0002-
1592-7330



https://portal.issn.org/resource/ISSN/%E2%80%AA%DB%B3%DB%B0%DB%B4%DB%B1-%DB%B8%DB%B6%DB%B6%DB%B6
mailto:afroundeh@gmail.com
https://orcid.org/0000-0002-1592-7330
https://orcid.org/0000-0002-1592-7330

0B ooy S D559 (S59gr 5 i

Ao

Spae Bl jae (Sl ()59 3 3,8ee dg0 9 Shial 4 oliws bS5l (S JoSe B s
Al oy SinlS & s s 5 3l aadoln) caml (1) ol SMie celaeu] LtnlS L5500 5 JeSe
Sy a3l (288 (36 (e Lo ol oMo (1) 3500 ot (e 3Slas Gl g (SibsS 3l
shl P& () 3980 108 (23559 Cllid I (3L (Stud dawg el o sl (alge I (S 30 aliae jornl alas
g il (Silo b oo BRI SIS e 2 ST (5lsa mudgilie Cud)l Sl e ©ad b (1355 cullid
O lE D95 00 b (ks (g 9 OLSY o SVl asbdl )3 395 00 e yid SVl Mg5 4 JSIS
Ssho0isyd G ges Gl (F) Wl S 4 VIV 5 PH g sl Gaali8l e Ve 5500 b col % (35000
b sB5yg s plSin 3 1) 5 Slas ey o d9d 0 0ye Slaly B2 g redS Sidais (gl Jlasl ol sl
crl 3 (S S o JUd Faen (g Oliee GRS (6l (alapuslSe Madgr g0t (i (V) S (0 gae Vb
(i9)8) Jskwiny ol b il eadads igres (e sl Joke )b g Jsheigy cla KBl dapuslSe
(0) Sgde (25 (D) Jobw )l 8L 5 (lansd

Ogsie dizal il dus 3l oS 5 1S )l GBS 5g i > (90L) Cgeme oS sl plaJoSe I (S @Yo 51,8
clablore (piSuil g Ghjog Jood sl 3l (60t (5)90y @ Slas 1S oo Sl il S g )]
¥ 28l ol oL (Ve +R) GhlSen 5 S'sS(F) ol 0ad 1135 603k 9 ilon 5 (Sl acuner (s s
592 05 L9 S 5S o il arpsS /N Sl 0y53 5 (595 50 )5 0) joy ¥ e 9y 50 (b (1js PSS o Slil 4 p)S
(V) 15 (CK) 5L 0518 1ol 5 S 095l )38 29 sy pllas fs50 13 59, VF Do

Dgdige 3t oo g9 Jamlygl o 059555 JI slojl slol 5108 )3 &l (g9 ditsel slasnl (S YT
dliae b a3 S1.(A) 15 o 5 Sla] Cpttamt dial Spnsl b S 35 53 &l 0595, ol i 1 (S6 YT
Ol & i) 0isl s cnlple )8 1 g ol J il ey QUls Jg 3l |y onj)lS s Ul
(Jlo ol sl ords jasule a@a 3 ,Slas 30 53 (2593, )BT o)l (St 53 ) st Sl g YT ke b
M Gl 4 oS 39800 S (92 G Comlus Gl Cel (o) sl (sl g S8l S8 ogdle
dorhe el g 3y sdpe o1y Ko,8L cud )b duoyd Vo (59,5 a8 Canl oddiodly s L(A) el o (Sid ialS g 940
Bl 4 (h)yg b (b )3 oS Cunl Jol (9 Bl Cn Fake Glpisd Slu S s D9800 (58559 Cullad 2)Sloe
oMo (VI by JoSo Bpimo atin Ve Jlid & 128 ()18 oLSam 5 7 e () Ao S8 fg)kee slagy oo
Bl Gl aops Ve 5l Gt 48 290 (3505 53 (Slely 4 (peesy o ol e dhde > 0l olie il
ST B (3 s S okS il @ pyS ks 80 Loy Jolas) 5 #1¥ B ¥IY li; e ol s aslllan S ol (3

Al Yo 5l o55y9 oyges] dgme el g ol Liolidl il ol el ) o Mo )3 SO ) 5958 (Glgime azan F B Y oo 4

I Coke
2 Hil



oo Lghzso”f )19 5)919)).“\5 4yl Y oylowi ¥ 0,98 Y E4E oo

3,31 ol b duolie )3 03,8 oy yes L805559 55 (o ¥Ils B pae Canl sddodly i S5 clalllas j5 (Vo) b adds Vo 4
(V) 3yl (5208 3l

S ) e (5 S5 oS 5 o ol el Q1B B 3 o] Brae &l (alaJeSs 515503 (S b
@, Guo e g Log) bt paiS ales | o138 Slge (B ] o Cowd 4 B s 0,0 | anb O g0 a5
IS (Sgeul cdabloe (VY) 35800 jis 3 13 s (g1 dlge (ygmslinnsT 55l 1 (il 5l (3l (g0b ylade
A8 o Jos Codgand Sy plgisas by A8 o cliblone O 39108 il p3 1) Jshes oS sl (5l S5l 308 sl Slas
laodl laelal ool (Ko oty JuSo &5 sl s ldllas Sy 5 e sk T olin] Liglial el
el ogde L(AYAF) 355 Bgje lh slagslon s Jloinl Jhals el g am (ol ) Ol g (pttunmgon
Colox b 5l 095 (odpg 2,8es Ll 38l) (S53s5)) Leled sl (o)l JoSo a5 315 352 4nd )8 (nl «Suglg 58
iy 3ySlas (g5 g ©)a8 lolidl dbawga b V0) Lo)S )3 (8555 Cullabd plin plod jliwgen b (Bgye (ol 5 Slos
%) 8 Jlacl ilSool e o], ]38

2oVl g ol @Ylo (33l (sln JoSo (I8 51 5)90 ) Sl gulis 4 sy oo 5o 4 gy disdi aslllaely
Sbisn o9 2yNNae dgate rge yidy SoplsS ASul g oS () e ;5T dslie gy Canl (aBlite 559 3,Sla
2 YT g ol Vo ()8 (slaJoSo 18l ooy Baal ol imgl coyenlil scusl oriiplonl (sladllas gua
A ploml Sy )SS5)9 (Kiwd 9 Sy 8L o)l

B %9,

oo (5bdiged

OShe S LS55 1) Gigss cnl (o)lel dnale 2351 )80 (6 ySojluil 25k b (0225 dasi 5 2008 €55 5 gy )
Oygods & S g JHB559 5l g 8 aslie (plS5 Gl e (o859 sloolRil 4y Lol oly JSuis (plSS i o
ol 0 Aldbgly ©yaods bled Cyaw 0 U b Cunlgd ) 0040 03,5 €8 i oyl sladalyy 3 18] Jlo 93 40 pylie
oo & 0 5l g Vo (il )S (pVI-Ly ola JoSo 53,55 Gpuan Jolis addllas 4 39,5 (cliylne 0S8 &8 4 g
33 9 Songi)l slasslon g 59408 08 slacslon 4 Mol pae (SIPLT clasdgpl g gyl oLy pae rsiS
W30)S S b aslllas pd 0559 VO dliw L ) adllas 1 050 )5 (s95m JeSo Loy duwgy il aldlie 0y9d Jobo 40 aS
o293 12T ()

9 A5 LI p imgs lal g Ll oo b olusl ol ands G alllas > eS8y clp balyd anlg o3l s 5l e
a1y Slows (Solol § oM ¢ oyl 4 bgryo (ladolidiny b S53905] (s s &1 byl & 23Y (cla a5
093 Job 53 .155,S Laal Iy dulllas ;> 8 i abicglsy b Ll 53903l 5l a8 o dalsl 13 .055,S JuoS5 img ,d Sy
SleMbl s 2085 s |y U 238 125y 9 A o3latl 3¢5 Jgame (o13e Aol I b s atwlgd b 53ge5] 5l aslllas

W8 65503l (g 9 98 (o Jold (oges



29)5) A5 (65031l (13352 03,55 e (LaSlo i 4 (Hindg) aly Cundy > o iogefl plod 5 dinly (slo e 2
s 25 By 1y 39 0ub bl ol oy &S ol JaSe | (S g 03 e s laogesl ams g, 51 (U558
4 (gl lg) (s3lacSly 0)93 o il -4 (55011 gl ondiolsus] JoSia By 09 pladl | das dtunly (sl yuite
Gpas JoSo b la g3g0] o ol )3 0d 48,5 L5 )5 —oudbibyms JoSeo Sl gl iy oy 5l (ol aén 93 S
Gpas |y Solal yogy 4 eddolbesl pgd JoSh 59, 03 e 4 I 5390j] ¢ 5locSly (clazangd 0y9d b ;1 s 133,55

iLoSL 0553 <Ky 093 paljliny D (65505l Ay (sl yusiie Ioame pod JaSo B puan 0y53 bl 43 Ly 53,8
59503 Sodo &y W 5390l g (5lucSy Al o bl Sl ey b 4B L5 )3 pod JaSo Sl 3y e Sl (sl glazimgd
e W (5503l ity sl yuia 13200 cpgus (65 JoSo 0)9 Gbl J) g 50,5 Bpme | paw Juo
b ol Solal Oygod b eSe

205 ¥ ligy Syp0t ol Gpas olise 5 45 4y JguS 51 53 (135) olion) 5o candl 353l oriags ¥l
olall =S gl 2532 (V) Yo (5l oo £33 F o ingojl izam 351 Jlal g ailones ol o (A) (0)5 Y jgo 90
23,8 <l yd (V) cpslo p)5 Y/ ailjgy a 339050 053,56 puas

TS Y

o Ve A Colo g g S diged plod) 15 yglaer (sd sladiged JUS T 2059 5l o JaSo (551 pladl 3l ams 5o 50
JUST 2259 51 55 oo & g 9 260,8 Col ol olKitlogl o aido ¥ e 4y o 3903l 655 i 51 5 (a5 plox
Can s 5 bl sy g ase, EDTA g4l cladly )5 s cladises olinil j| cpSals (gl 0 a S
W Soaaty yle 4dBD )d 590 Vere Casyu b 0l S Bl ax 0 ¥ glod 0 ddBd Ve Gde 4y diges (93 puw (2905 i
S adld oris lp B as Jate oS lo a2 )3 —Ae 558 4 caledyd 5 a8 03l JL8 mle (1595 (9p e e
b 5les 0l polie b plxl lusy (daee )5 5 ighs cCugb) dod 13 baigpSojlul don 89 ()l (olosdan
3olamal b cpjenlS «Soytagi o I mzl hg) b (NOVIN BIO KIT)euSsn (ny cu ) oslisl
DiaSys cuS jl eslaiwl b wlo S dY1 5e, o LifeSpan BioSciences, Inc., LS-F25706, Seattle, USAc.S
yiagdgiSawl 5l oalisnl b Slou 3l 39, 4 OUSY g (6 ytegidg iSiml g, 9 Diagnostic System, GmbH, Germany
WLad g S ojlul (MyBioSource, MBS756195, Germany) cuS 4

aoliyp b ad Cunlgd > la S3gejl 5l opldgngl sl 393 addllas 3 oaiSeS s o8l plod olie aeby obj)) oKl
Sad sl L3 slajey millas |y ol slie

S slol o

o A oalisl g 903l Sl o uilly (Kam (gl izman 5 Shiggpld ysel il bosly w55 (1391 b e g
0923] 9 255 SlasySoilul b uilyly BT (ol 51 Wmesly Jeloigay o gl dmodly i o2 Jloyi 3l lizabo!

3 Wash out



oo Lghzso”f )19 5)919)).“\5 4yl Y oylowi ¥ 0,98 Y E4E oo

A ad S a5y olel sla o P < efe0 (olol pdan s odlitnl (S5 oudind

b a8l
ol 0B o )35V Jgas ) xio cla S3g0 ] lastie

5 luiliw! 8120l g (pSilio e 3 B 53903l (6358 Claduuie .Y Jgus

eSSl sl byl laeio
Yo/5A £ Y/Vo (JL») o
YARe £ Viv (+5545) 035
VWE/ES £ VIV ()‘"“’wl"’) %
Y¥/50 £ VYA (CJ)*")“’ /P)§91:5) s 035 el

0995 s (PZ+1+0) Canl b ios dtanly (sl yiito 4 bgsye (slaodly o5 48 ol (i Shiggmls 9051 ol
02598 (F=YIYY g P = ofo o) 5l 01,8 alawdly joolie p ()l sine BT ¢S (55503100 b il ly Jelos
o doSe oy (F= ¥/5Y o P =o/o¥¥) S 5 (F= Yo/AY 5 P =o/0)) clisY (F= ¥a/ya 4 P =./..\)
b b awslie > Vb il Bras loj 5o LS (S olewdly polis ol lis Se Os.aﬂ D LS 0B puao
5 s sne SN 45 Jloys 333 oS i fssine oty (P = /2] U5 3 (P = +/+70) 5ty P = +/-1) ]

e o3BG Y g 3 bt (o s S5 )55 5 0 oY1 S S (plowdl ol

6 9 N6 lo (15 oo s s 1 s 1S3t 0 {5335 35 U/ S8 1 s i g

P 3 skl (slas Sl M
o/ FA/AY —\YA/SA osYT -y oYl oyl
-/-Yo FO/NY -VFY/vE ool
ofeeN \ai/al =Y-Y1\A Jys
NASK ov/-¥ ya/ay ol oYl -
-ISYY FY/AE AN Jys
- [oAY o-/\0 FaTAR) Jyus ol

J)zzf9(P: o[oe)) ool :(P: ~/~~\)Q\flp&;l)flgwlﬁ.ap&\ﬂ—tgg_éﬁmJLn@Lﬁjy)K&W)Qﬁa&a
(7 o) cudlis g2 JyuS



0B ooy S D559 (S59gr 5 i

O 9 YUy o (391, JoSKo s By jfsns (1891 0805509 (o9 (MMONT) (32593 8 b dvmglln ' Jgon

P 5 lxikel ollos Sk 33
oo v/ o0/ Yl oyl Y-k
ey AN oV/+Y ol
ofeen M¥A £Y/A s
IAYS Yoy ¥/ ol &Yl 1,8
VAL YIvs /¥y Jys
[o¥Y \TAN] VW/YA Jyus ol

ol (P =e/eeN) &Vl (031 )S L dulio p3 VT Lo 13 SLSY slewdl polie conl dgpuin ¥ Jgan 55 4 job o
SLSY olewdl polie )3 (g)ls dme W] &S Jbs )3 Dg a8 (6l gxe joboas (P = +/o2)) JyuS o (P = +/44))

bl dgg S g ol «oYle 1,8
iz 3 ¥ 1Ly ¥lo (5l JaSio dus B o 3l s (15’52 (13140559 95 (MMON/]) LY edans i F oo

P 5 it glas el NS
[+4) 5§ Ry Y S oYLy
[+ “IOA- -YNY ol
[+ B -¥/%5 Jys
“[3A- NI [-YY ol Y Gl S
Y50 IYE SV Jyus
I15%2 “IYAQ - IAD Jes ol

JyiS g (P=2/+V) &Vl 15,8 b dunlio ) VT —lo 0 @l Ko plewdl pdlie by (Uis  So5 s y90) ol
3 (&) me glis ogMeds sl 33y il b (gl dme BMiS] &S Jls )3 g yiiy (g3 dxe yoboas (P = +/44A)
(0 Jgi) cudls sg2g S8 9 0l Vo (451,87 oy Sl S (plowsdly polie

ot 9 B o 15 oo s s 1 (1 55529 o9 (MMOVI) by S s i .0 Sy

P 3 bl (slas Sl B
ofexy AT y/oy Yo oyl oYk
Niral VY YIvY ol
QERYA V/AY /- s
VAR AL =V/¥ oo Vo ol S
- I¥AR VA VIsD s
-/YaA VY YIY s ol




oo Lgbao9)§ )19 5)919)).“\5 4yl Y oylowi ¥ 0,98 Y E4E oo

duglie 3 SV (331" JoSo B puae 09y 1+ )93 o Sl 4 (alewdly LS (ST ol Ol (L pSls gy gl
bl (g )lasne alS 3l g YT~y JaSo ¢ ]S Il L

039 £S5k il & p)S o IY) S 59y 0 Bpas dioly Gl (Ve oR) e o TS5 ol imgh @l b Lslyen
ol duds 5l s olewdl CK oline (g2l el (3 39 p)5 kS Glil 0 lhamgs S p )8 V/0 ol o 4y (o
oeals el oy B Sde 4y ()8 p)5 Ve il Loy lis (VOY) el 8 5 ;500 (sladllas ,5 (V) A5 5550
b gueal Lools Sldlls L5 Jocpll (W) 15 wll e 53 (o] Ellsd o ¥ 5l dny ol CK plis
Y Sode dy (35,8 2,5 Ve Gpuan a5 10,8 pMel (Yo oR) o)) e 57 gy Jlie (glp -850 y] Cawd 4 yols imgh oS
€9 M yiso 15 4 (VA) 255 3929 4 s lsye CK (plowdly jodlie 1> (pif (53559 Collab andl> Sy Jlid 4 59,
59 sl ageil )3 sl pre Jloms CK sl )3 o idgesl (Solol Cumsy 9 il )S Brae JUd 4 (o359 cllad
s ) 5 6 5a8 Gl iy e Sy Jlid 4 wlazil (455 L )15 (roglie (slocnpo3 &5 b iogesl ofgey
331 L dunlie j (gl yn) 03,8 59 31,81 3 CK ialey gl o)lie 48 sl srosls lis cogMeds ] oo 3939 4
ol 423135 CK oMy j3lio 2 (6,85 c5lle 02393 (5185559 53 (1S e g (V) sl iaS s 03,55 (205
0055 oy Sl onlS lgen wlas )3 ady) CK (tle) (ialS p (1lS 1l lapudlSe o5 ol 51 (S0 (V)
ol 2L Gy o5 353m Sy aelS CHIE IS el (oDl 860 ) pplS pus
A8 (oo SaS oMy s oS elS oy 0)Skes 4 ATP wgs b 503l 1 )87 05800 a3l 33 (Mae
5 51 2YL Sl Cllad 03,5 (o3 S8 b dulie ) glad s )IK555 53 (e DhgS s Al mplS oy (V)
bl 1 (o S92 (12) Ml oS Sl OhIS559 53 (B)ye Clld Sl Joigien maelS zeaS cnlplu
Ol 35,1 03 21y 5,Sae 5 635> oyt IT (e (gloyi Bisas 9 3,15 35 p03 ooy 5 €38 3 5 sl (359
(V) ol i T g sloyl b avglio o IT g5 (sla)l po ]S ol

5 oPNS lawdly polie Ll el S, Ve e 4y VI £ )5 F Gpas oy Lt ol imgh @l cizen
39 )8) Kiz Bl bl (g loisine b il 5 VLo (51,8 e o o3 (St B i o lgier) iy S
2 By e dgme sly bl dleal (Glo)Se g (2595)l) KBl cudsl Gl cusly (SlySe
liys sl i 3l e lis S 5 (32555518 sl SoSlS (50 ol88md 1 455 b g Vb ki b b slactadled
Oleien 3356 (Ve A) oyl 5V So,08 ks 8 4 1) (St g9 9 43S 530 1) (559,000 e Al oo o8 ikt
GHas &8 5 (Mae (555 plie p toglie o yed olyen 4 VIl (05 A e JguS A diligy Byuo atin V-

b (e i)l ol Gl el aglie e olyes 4 VI Bpae 3l (L5 b @ls 535 (o

. Cooke
. Veggi
. Rosene
. Kendrick

ESIENC NV NN



aljgy Bpae 13l (Vo) e) oy Son g "cSol S0 (clasllas 13 (YY) cusly (6,8l )] 1K55,9 3, Slas g cyd6 y3 a5 sy
JU> @ glBg> aliae 395,18 poolie ol Lis bl zuls 53,8 Ly |y a5 )3 aian V s 4 VIl JoSo p,5 0
e b Uha 5 Slee cpo wdly Lis )] ogMeas .l il aoyd ¥ 51 i oYl JoKo G pne aan ¥
aS oly s N ey g ol (YY) 295 0 (295,838l el g D9 o cudls p e bgs uw 45 ML o
0 J 31 ol Ty Jaio i3 53,5 55 g 39 3 (iS5
025555 35 bl ATPaSE a5 JU 4 o (gou 3T s b 03555 (YF) 35550 (5lodg, —sloses (sl oo

reeelS” Sl (38l el Ml oo 005958 ol (Al 01> (Sl alide )3 (BLBCS, o5 9> 5 (ore i
o] (gl 13 S o ol i3l el 5e5slS 48 ol 05 00l s by 51 (YD) 395 Sae (sl 5
Do (S idlS g SMac @)yu8 (ili8l el Llg o pendS & Cumlus il 381 0645 0

dlie > SUSY g5 iwe SLi5 95 3 SUSY 155 sl e g5 g 5 nlS ol | Ko e Stus
o Mae (Sid 3 blid ol sl olan Soacl bulys s PH (2l b g0e og adgs Glaliél (b 1l
C osissy Jlb ol ) Wlsiee 3soa 02 ORI (YF) 35 slae |y oSl joms 1 (65531 g Wlgioe 5 )10
2B gl il 3 9 owdygS )l b &) anlS Sl g HELEI e el (plplis 5 9,5 51,5 el sl
" Sy ol s s b gupal A salie g5 Y i 50 slaeSe i pis 5 VTl JoSe pinls
miras (s plals g (SHae 508 (Ll el dljg) ©jgo (5 £SO Bpas 13,8 SIS (VW) ol
Cely ol jg) W0 By oy (L5 (VoY) oem 5 pedle (izmen (YY) 5 Wlo g (sl ogel > (Mas
5 Mgl (slaallan 33 Jlo il (FA) ol 05 03,555 iypo3 o g (3lape y3 (oSt LinlS 5 e 0,5 ]33
DRl 5 (5 pmte SR ABL yle Sh 8L Cud )b jainym (VI ) YA Gpas Jlod 4 200l oLt (Y- V) e
MF Ol ere 8 S Bl Cdbo Il o 5l 4 plply ((VR) 3,1 SUSY g (fgyken g @ead Oliee
o sl e (g3l 95 Ao dgeil 95 4 ol 1y LA Y el o)l s s ol olen 4 g SV
@l (585 JyuS pae Gomen (ol Cadgiome b adlllas cpl )8 o)Ll Bpas 0)9d Jsb g (Span j93 (e 2)Sles
b it slo Ghagly bl g ol jen Jlo e Sy S8 slo (a3l (665 o)1 1S5 pse 5 o 09l oS ol
29 0 o o dgeil 35 38> 58 5 o JoSe (Bpan (gla 93 s

8 . Baguet

° . Dunnett & Harris
10 wang

11" Hoffman

12 Stout



oo Lgbao9)§ )19 5)919)).“\5 4yl Y oylowi ¥ 0,98 Y E4E oo

S5 doms
lowdly yolis yl38l el (S )I85550 kg VIl Gjas &S 58 (S a Gy e pobs imgh gl
Gl oals GLSY 0Jor g jeduml LialS el K ,8L cudyls damy duwy o (ol a4y 0gMedy g 0 OluySs 5 (pje)S
Gpas (o385 5300 (Lt G (e ol (a3l &8 53 S 518 e 2 6588 Jao ol Bpme Jo il

A e S ol S clale ials coge YL ilS oS

K8l slas
Dyl 3939 (g0las dlde pl jo Baciws bl sl

b o
sl 48 Fplonl Lol e olKiils o culon b a8 il o 03] ool S 4l 5l 4,5 5 alie o)

‘_é,b).}é 9 MA“

oled oo (10,48 5 S5 )5 ()b Ty Lo Limgds onl sl ) a8 Sl g o dge )] dan I dluwgipas

Xl

1.Rojano-Ortega D, Pefia-Amaro J, Berral-Aguilar AJ, Berral-de la Rosa FJ. Quercetin

supplementation promotes recovery after exercise-induced muscle damage: a systematic review
and meta-analysis of randomized controlled trials. Biol Sport. 2023;40(3):813-825.

2.Leite CDFC, Zovico PVC, Rica RL, Barros BM, Machado AF, Evangelista AL, et al. Exercise-
Induced Muscle Damage after a High-Intensity Interval Exercise Session: Systematic Review. Int
J Environ Res Public Health. 2023; 20(22):7082.

3 Zhou K, Liu M, Wang Y, Liu H, Manor B, Bao D, et al. Effects of molecular hydrogen
supplementation on fatigue and aerobic capacity in healthy adults: A systematic review and meta-
analysis. Front Nutr. 2023;10:1094767.

4 Brooks GA. Lactate as a fulcrum of metabolism. Redox Biol. 2020; 35:101454.

5Shaw I, Gregory K. Acid-base balance: a review of normal physiology. BJA Educ. 2022

Oct;22(10):396-401.6.

6.Antonio, J., Candow, D.G., Forbes, S.C. et al. Common questions and misconceptions about
creatine supplementation: what does the scientific evidence really show?. J Int Soc Sports Nutr 18,
13 (2021).

7.Cooke MB, Rybalka E, Williams AD, Cribb PJ, Hayes A. Creatine supplementation enhances
muscle force recovery after eccentrically-induced muscle damage in healthy individuals. J Int Soc
Sports Nutr. 2009; 6:13.

8.Cesak O, Vostalova J, Vidlar A, Bastlova P, Student V Jr. Carnosine and Beta-Alanine
Supplementation in Human Medicine: Narrative Review and Critical Assessment. Nutrients.



2023;15(7):1770.

9.Hill CA, Harris RC, Kim HJ, Harris BD, Sale C, Boobis LH, et al. Influence of beta-alanine
supplementation on skeletal muscle carnosine concentrations and high intensity cycling capacity.
Amino Acids. 2007;32(2):225-33.

10.Saunders B, Elliott-Sale K, Artioli GG, Swinton PA, Dolan E, Roschel H, et al. B-alanine
supplementation to improve exercise capacity and performance: a systematic review and meta-
analysis. Br J Sports Med. 2017;51(8):658-669.

11.Bellinger PM. B-Alanine supplementation for athletic performance: an update. J Strength Cond
Res. 2014;28(6):1751-70.

12.Dobrijevi¢ D, Pastor K, Nasti¢ N, Ozogul F, Krulj J, Koki¢ B, et al. Betaine as a Functional
Ingredient: Metabolism, Health-Promoting Attributes, Food Sources, Applications and Analysis
Methods. Molecules. 2023; 28(12):4824.

13.Detopoulou P, Panagiotakos DB, Antonopoulou S, Pitsavos C, Stefanadis C. Dietary choline and
betaine intakes in relation to concentrations of inflammatory markers in healthy adults: the
ATTICA study. Am J Clin Nutr. 2008; 87(2):424-30.

14. Lu XT, Wang YN, Mo QW, Huang BX, Wang YF, Huang ZH, et al. Effects of low-dose B

vitamins plus betaine supplementation on lowering homocysteine concentrations among Chinese
adults with hyperhomocysteinemia: a randomized, double-blind, controlled preliminary clinical
trial. Eur J Nutr. 2023; 62(4):1599-1610.

15.Willingham BD, Ragland TJ, Ormsbee MJ. Betaine Supplementation May Improve Heat
Tolerance: Potential Mechanisms in Humans. Nutrients. 2020;12(10):2939.

16. Cholewa JM, Hudson A, Cicholski T, Cervenka A, Barreno K, Broom K, Barch M, Craig SAS.
The effects of chronic betaine supplementation on body composition and performance in collegiate
females: a double-blind, randomized, placebo controlled trial. J Int Soc Sports Nutr. 2018 Jul
31;15(1):37.

17.Veggi KFT, Machado M, Koch AJ, Santana SC, Oliveira SS, Stec MJ. Oral Creatine
Supplementation Augments the Repeated Bout Effect. International Journal of Sport Nutrition and
Exercise Metabolism. 2013; 23(4):378-387.

18.Rosene J, Matthews T, Ryan C, Belmore K, Bergsten A, Blaisdell J, et al. Short and longer-term
effects of creatine supplementation on exercise induced muscle damage. J Sports Sci Med. 2009;
8(1):89-96.

19.Kim J, Lee J, Kim S, Yoon D, Kim J, Sung DJ. Role of Creatine supplementation in exercise-
induced muscle damage: A mini review. J Exerc Rehabil. 2015; 11(5):244-50.

20. Jiaming Y, Rahimi MH. Creatine supplementation effect on recovery following exercise-induced
muscle damage: A systematic review and meta-analysis of randomized controlled trials. J Food
Biochem. 2021; 45(10):e13916.

21.Kendrick IP, Harris RC, Kim HJ, Kim CK, Dang VH, Lam TQ, et al. The effects of 10 weeks of
resistance training combined with beta-alanine supplementation on whole body strength, force
production, muscular endurance and body composition. Amino Acids. 2008; 34(4):547-54.

22.Baguet A, Bourgois J, Vanhee L, Achten E, Derave W. Important role of muscle carnosine in
rowing performance. J Appl Physiol (1985). 2010; 109(4):1096-101.

23.Blancquaert L, Everaert I, Missinne M, Baguet A, Stegen S, Volkaert A, et al. Effects of Histidine




oo LSLQOB)f )19 5)919)).“\5 4yl Y oylowi ¥ 0,98 Y E4E oo

and B-alanine Supplementation on Human Muscle Carnosine Storage. Med Sci Sports Exerc. 2017
Mar;49(3):602-609.

24 .Dunnett M, Harris RC. Influence of oral beta-alanine and L-histidine supplementation on the
carnosine content of the gluteus medius. Equine Vet J Suppl. 1999;(30):499-504.

25.Creighton JV, de Souza Gongalves L, Artioli GG, Tan D, Elliott-Sale KJ, Turner MD, et al.
Physiological Roles of Carnosine in Myocardial Function and Health. Adv Nutr. 2022;13(5):1914-
1929.

26.Schirinzi E, Ricci G, Torri F, Mancuso M, Siciliano G. Biomolecules of Muscle Fatigue in
Metabolic Myopathies. Biomolecules. 2024; 14(1):50.

27. Wang CC, Lin SC, Hsu SC, Yang MT, Chan KH. Effects of Creatine Supplementation on Muscle
Strength and Optimal Individual Post-Activation Potentiation Time of the Upper Body in
Canoeists. Nutrients. 2017; 9(11):1169.

28. Hoffman JR, Ratamess NA, Kang J, Gonzalez AM, Beller NA, Craig SA. Effect of 15 days of
betaine ingestion on concentric and eccentric force outputs during isokinetic exercise. J Strength
Cond Res. 2011; 25(8):2235-41.

29.Stout JR, Cramer JT, Zocller RF, Torok D, Costa P, Hoffman JR, et al. Effects of beta-alanine
supplementation on the onset of neuromuscular fatigue and ventilatory threshold in women.
Amino Acids. 2007; 32(3):381-6.



