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Physiological functions of organic acids and the applications in sports
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ABSTRACT: With the energy consumption in the process of exercise, the good state of movement of the body could
be hindered, and sometimes the health of the body could be also affected. Only by adjusting motion state in time, the
pressure of motion organism of the body could reduce and maintain the healthy state. Therefore, how to improve
sport lovers' sporting ability becomes a public concern over the sport enthusiasts. The types and quantities of organic
acids in our body can affect the motion state. This paper summarized the physiological functions of 4 kinds of organic

acids (theanine, creatine, pyruvate and lactic acid) and their application effects on sports, in order to provide

references for improving the motion state of the body and maintaining efficient athletic ability.

KEY WORDS: x motor ability; organic acids; application; suggestion

1 51 5§

WA ARG 0 H O e, ORI I AR A Bz 3l
Zw, AW F RGBT A B2 BE Tk . AHLIR
TENMRAE A i Bl ke %+ R AAE A, 4 —Se AT LR
REME I A R I . AR B . WINMUAYURRE . P
SFo B, XA LRI LA B IR LA BT R A R A
BAUMACIE 3 G T, AT e ) ke A A FRR B8 BV T
L, A LIRS AR VE IR 2 /NG B4 AR 2,
AT AU DR G A By 5 811 4 T T 4 32 32 3 AT 35
Bk AHLERBEREME S AR A B G AL, f i A A E SR A

AT, AT HURRTE AR A RS —E i fEAY ., I,
ARSCIERCT 4 PRSI A PR, 258 T X LEA HLIR 1 A= 3
NREVA KAz S AR, LAY Blyiz s 2% 4 5 R0 A7 LR
Xt E SRR AL SR, MR E T A B A LRI S
R LR B (e RN R A 38 SRS

2 BHNBREEHTHNA

21 FREBRMNEBEDIGAREAESHFHNA
WA FRIAIME 1950 45 R H AR EW P g —HEEN R 7%
ZOHAY Ay AR R H i A o SR KB T AT TP Rk

“EIWER: A, FEMR I MiEdE SR, E-mail: u56245@163.com
*Corresponding author: WANG Mei-Shu, Department of Physical Education, Qingdao Agricultural University, Qingdao 266109, China. E-mail:

u56245@163.com



5030 B dn 2 4 R R I A 4R

F10 &

FIAEER AR . FRE R RS AR il oL A A R i 2
W B, I B T35 228084 . 2R A BRI 5 3 T K,
BN, KXEABREAREZAHEIRE, ARG R
REARK LS . A9 ) A R LA A 453 475 B B BRI o 2% R i
REME A RO IRPTIE o7 . (RHEIEAR . AR AR . 32
R0 A, ANk, HEER BE X A A BH ik
FAVER |« Wl oo BRRN AR BB S8R 1 | 358 s J 20078 2%
BRI ) — R LIS BRI 41, HAT AT S D RE
R AR AN T3 517 5 0 45 22 P A LT R, B AR 38, 3 2ok 3
o J2 A0 R - 1 43 W O B nB LR G e RO, AR AR T A
FEMWAT 12 sRE 1K %507 T KA — 2 iR P,

Peng VRN L-ASE MR RERS IR SO ARG T
5-¥ 0 (S-hydroxytryptamine, S-HT)A97K -, ] Bt GEFEAG
FEF bR R . R Bl (corticosterone, CORT) A2 H i I
IR Ko Wen ZEUSIRESE & B, 764K b a8 in 4 &
400 mg/(kg-d)FEREINZS B FIFT IFN-a I35 7 IgA B4 7K
ARSI L-AS 2R 0T G A A R BRGS0 4t 5
T AN BRI —FhRARBUEALT, K& R
A2 VE ARG, Tamano Z5EHFFE KB, 4
TS 3 G4 T &4 03% L-EERIIK, T4t KIZN
¥ 30 min J5, L-ZXZRACIRA KM CORT KPR T4 ]
WA, BMETENRER, YR ERATHH 03%
LZRERRIKIE, 113 CORT /KA R AK, L-25E iRtk
U B SR AGH TR FUSL, BT R, RO A R R TE
AT AT DA SR 253800 22 B e B il e, D/ PR Bl s
eSS T AT RS R B R TT LR AT A S A
THRE, dERRzshE ™, AR A RO = AR
B, BRRIE 8 R B R LR, WMRRE s R ik E 2
ShRE S, FEO AN AR T . LR R B V2 R BRI fE,
Mesa Z VL IR EARAS T, Hop UM ROVER . 15 5e
BN RS — BT IETR, DR R MR 25 (1) NSRBI TS 701 i,
YA KR T LR T SERirprseRi, A ARERERL
L5 2/ LGE i 2 PO FEIRIALTIAE 30~40 min Pk
AR . B2, EAEE a-waves AR e RN R, B
—AOBRB A FIGRBE AU SR A FAR . HOR, el T
il B 2832 B 0 A& e, Angin 423 T 88 (p-aminobutyric  acid,
GABA), GABA 2540 Ah 2 i F, 422 B e i i
%, I AR, LR s B Z R 2y
MG ER .. ZREmR 5 a4 Ik RE A R = 4 e
KA, TR, AR AR e RE . A
e R s s 2 fE, AN AR AR, #E
SRR A SRR AN PE, TR bR i AMAHLREYIZ BhAE T,
DA RN FERATT 12 SBE TR P, S i TR RS
ISFTY, RIS R RUR TR A R R R P AR R 2 S5 R 5 9 57
TiEUK B RIS . 3 33k — A A FT LAIE A 2 R BR e 22 it iz 3
P>

XTIZ B G R UL, fETCAEGE XA R 2 s RS T,
TRES 5 K B [ PR — Bl T A AR, DT 3 A B (R RS
PSSR JETT RAAS SisshZ R bR g:, Fkin
AT R B fifaz MR B 932 57 IR G2, o X 38 AR g 55 D1 3k S
A= T R P eAh, 38 8l 5L A0 B T R A,
A EIRITR A, R — MR AR AR SOk
TSR A T FE R AE R IR ), W RBIAR IS B SR i 9% 55
B, WREIR S SR e ). I, SRS YA
AR SO I SR, B TR 57 12
22 PAEBMEBINEREAEIIPRINA

R ERT ERANE AR, ARt S
SEHR R BRACH, SRR . T RAMHE 3
A VLRI BETENLIA B B 0 RS r=E

LR fh 2R K =R AR R 3 VA R N AR A,
FA RSN A Gs, AN Es. AN H AT
A 1~2 g FIALR, H 95%MIMRERFEAE RN . DLER
B MR LT E IR B EHARN T AESL, IR RE LT
PG ARA, Il A AAE H AL 1~2 g LI, ik
B PR 77 2B A HILIR AN B P A B ILIRAR B T AR —
H IR & 1, Stk 2~4 g,

iz B B 0 R AU RE AT B AR AT HILIR 1 #b 3R R b
B, St ZAEMIGIRIESE, WU R —Fh 52 0l iz 3h 8
FERMA SR BUB MU AR e, AT N R ATREA 3 g
WUBRAS K 0] BE 5 [ 2 4x 1), e AN LI 40 L BT
EFSA SE120222720 5o sof— K 4 LR B A H A I X 5 LR
AT T AAVERAE DGR, Rehl RN IR LB . FraiR
WUBREF . SERBALR . A-BERALIR . BEIRILER . BEIRALIR |
BERRIER .6 . A AR . 045 hHER LR s & ILER
BE, RUMCZ2HIEA IR, BIikiseERI R KR
HI AR AR 2 8, IF 232 B R LA 8 5724 o A5 i
WAL A YRR FURPY, A 0F5e R, Hhse WUER o fifi L
A R A LR & BB N2 20%~40%, 3% WL LR 7 &5
A o WL PR ALIR 5 25 R 3 o el A3 3 g R AR B 20 g AL
FRIL 4~5 d, SRR RIEHL 3 g WIRRIFHFEE 1 RS, &
T, LR A LR B84 i ) R B A AR R MR 22 5, A 0 )
40% RZEC2 R L2 H6a 3 5yl LRV R —Fh s b 78
DL e a4

R B fih %442 J5) (European food safety authority, EFSA)
TPAL T 5 F WUER F B AR BLRE B 1042 D) B 1) 25 il e JE 75 B
B335 RN ZE B1 ot T FLBR AIFE s ) . Wi .
38 Z P B R R B e BT gk Ab, KR
WARE W53 Fr (Australian institute of sport)al 3% ¥z 3l & 2F
24P (American college of sports medicine)Z JLF iLZA I [E
B & HLA 5 LR 51 — FidR =328 sh sl B i iE e b 72
Ho WERE 2R ez W s shg R iz —, 58



%5 15 3]

F AT AR AE BT BE K AR IE 3 rp 4 ] 5031

PR LR A AR o bECS 0 e, LR T AR s
— PR B AN A, EREGIREANRA, —BA
SN BRI = A T A B R
23 AEREEMEIRIEE R EESEI PRI A

PIERRR R N T B WA VLR, HRERS., 1
WA ESRAAET, DNERR A TG CIRiA, RIS Rk . S
Foko BREAREBRABRERIN, i E5A o-BBRAPER,
eI BA Y - FRIR Y. INERRTRANEE, W 2R, )
HPRERH COyo TR, FE A AL T AR R AR . N
B AR A B AR A v S B ) B AR =4, A AR T b
fI RS —2  JLREHE O, FREEMISR I N, e ALRRilA, &
1 =IRERAEIR, el ATP, HEZA-EaENURIH . AR,
A= A PR D FE— R S G DR R R K 4 DR = R R I A R R,
ECATP A R AFI N, 578 PR R FT R AR B I
WA, A BT IE SR T AR . oAk, BRSOk,
AN D AR AT AR TN SR A B A A R T
T AT REXF SR Sl AR S AU, fE 1 d
Z 12 HN, AT A 0.5~30 g ERRRILERIF/E J RE R4 h
Fe RN 2SRRI £ 5224 SR (BEFSA)FTAL T TR BRR 4TS 55 N B2
BEFE MBS BN TER 0 B AR, FRES IR R R 7E 45 H
WAL 5.2 g MBI TSNS ShHL A filt R A
Wil o ZE—I RS R, 7 H R AR IR ER 1k 46 g 1 A 14
BeA LRI B mIAE 74,

£ b, TR DR R T AE — o R IR GR IS s AL A
RE RIS B, NPz SpLIAR e AR R
12 SAILA N AU DG 2 Tl R 8 2R /KO-, L o i R o
BEKF T R, DT i FCAR D At R4 R R
RAEFARCRY B R, TRERERA 7T fE 2 i — R iy BAE 1)
fEEEFRTMN. mH, WREEEhETHE, ERH
RS L,
24 FERANEBINGEREEESTHINA

TENRI LA, FLER AT LALE JC S 45 1 Rl ok
At R A0 BRI AR R R AR 4 BB, LR
A LT BB AOER 4 DB BE. Zadix— & 2R RN R TE AR
RIFLIRACE =1, AT EELIAR T AR o5 I8k, FSEH8 H, 57
FEA AL AR LA 2%, RERCRT 43y S B 55 0 rpoRiK 1 9
95, T 7L HE AR FH 5 9% 95 J8 TN E 8 07 . FLIR 2
FE YTz —, RiE il FRIZERA, ARAi
FLBRR A WA &, sl i FLR R, Al £
A 8 SRS 22 B 0P R AR AR Sy et AR, R 20 A ) I
R385, DT 52 i 200 A TE 3 S BN, AL Ak, HERURLIR
MINLIA &5 % AR s, BPIRImES, A5 A, &l
B . RV, SR SKEREERER . 1P 28 8l R 1 i
FE AR 2 R R H A RO AL AR =8, HALRIZ BB
TH, RIS A RIS, Wik, A A5

AW, FEICAEI N ZRrp, —Jr T 5853 B st sl LA o i
BEBEARAE S1, 73— J7 A /N RN 208 20 K J AR I 5l
LAY A S AERE ST, 2 ORI, BEARUbIESE
LR BLRY . R AEGEIE S i FL R AR R A
ROrik, WS, A B TR R sh LR 10,
Wutk, A 1T IERI A i is SgOR, wT RUREHT B3R 5 vk
O HE T FLIR AR S SR O 9 55 S

3 ZRSRE

BB R IEEERER . RERTNAER, HXACARIZE
BN 5 AT o FL, b SE R RE TR, S BRI 57
SEARR I B ASSUNA HURR Y 1 B2 30 A s 12 3z sy ik
PR 2, BN R RS A HLRR X 12 S LA A2 2 i 7
M A PSR, ANTE SN 28 . VLR A DA i R 11 48
AN, [RI EEYERFALIAR N FURR 5 AR AROK - i LA
A HURR AR, L2 B TR A BOR . 7R 25 BIAR R
WFFE R, e B 22 Rt 7800 Ul WA LR 114 A [
VEFIBLH R, I LASE S s R B FR b 7E

SECHE

[1] Ren XY. Advances in the research progress on the improvement of sports
ability and its detection techniques of organic acids in sports nutrition [J].
J Food Saf Qual, 2018, 9(18): 4906—-4910.

[2] Ma QZ, Li ZY, Guo LF, et al. Isolation and characterization of lignin
extracted from corn stalk rind with organic acids [J]. J Bioresour Bioprod,
2018, 3(3): 112-117.

3] &7, BHs. AHLRRABEIF BT BE R[], s EA e ek,
2003, 11(4): 6-8.

Qian N, Yang YL. Progress in the study of metabolic disorders of organic
acids [J]. Chin J Birth Health Hered, 2003. 11(4): 6-8.

[4] W7 EARNEARRMAE 26 KBS RED]. IR LR, 2010, 28
(2): 197-200.

Ye J. Progress in the diagnosis and treatment of hyperphenylalaninemia [J].
J Clin Pediatr, 2010, 28(2): 197-200.

[S] Canete-Rodriguez AM, Santos-Duenas IM, Jimenez-Hornero JE, et al.
Gluconic acid: Properties, production methods and applications-an
excellent opportunity for agro-industrial by-products and waste
bio-valorization [J]. Process Biochem, 2016, 51(12): 1891-1903.

[6] Williams J, Sergi D, McKune AJ, ef al. The beneficial health effects of
green tea amino acid I-theanine in animal models: Promises and prospects
for human trials [J]. Phytother Res, 2019, 33(3): 571-583.

[7] Kimura K, Ozeki M, Juneja LR, ef al. L-theanine reduces psychological
and physiological stress responses [J]. Biol Psychol, 2007, 74(1): 39-45.

[8] Takagi Y, Kurihara S, Higashi N, et al. Combined administration of
L-cystine and L-theanine enhances immune functions and protects against
influenza virus infection in aged mice [J]. J Veter Med Sci, 2010:
0911170039.

[9] Matsumoto K, Yamada H, Takuma N, ez al. Effects of green tea catechins and
theanine on preventing influenza infection among healthcare workers: A

randomized controlled trial [J]. BMC Complem Altern M, 2011, 11(1): 15.



5032

B ah % A BR K I

1 F10%

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

In WWSBI. This opposes the long standing application for ginseng as an

athletic enhancement supplement [J]. Heart, 2019.

RN AR A ERR T IE SR WM W] ARk

i, 2016, (5): 24.

Li G. Study on theanine's effect on physical strength supplement and sports

ability recovery [J]. Fujian Tea, 2016, (5): 24.

Peng B, Liu Z, Lin Y, et al. The ameliorative effect of L-theanine on

chronic unpredictable mild stress-induced depression in rats [J]. J Tea Sci,

2014, 34: 355-363.

Wen H, Wei SL, Zhang SR, et al. Effects of L-theanine on performance

and immune function of yellow-feathered broilers [J]. Chin J Anim Nutr,

2012, 24(10): 1946-1954.

Hwang YH, Park BK, Lim JH, er al. Effects of p-glucan from

paenibacillus polymyxa and L-theanine on growth performance and

immunomodulation in weanling piglets [J]. Asian Austral J Anim, 2008,

21(12): 1753-1759.

Tamano H, Fukura K, Suzuki M, et al. Preventive effect of theanine intake

on stress-induced impairments of hippocamapal long-term potentiation

and recognition memory [J]. Brain Res Bull, 2013, 95: 1-6.

)E?T JEREE, AR, SRAIE A SR S Mz SR 57 IR A B/
1. RBUAT 2EBEAR, 2007, 41 (12): 48-52.

Qu P, Qu SG, Zheng J. The effect of green tea active extract on aerobic

exercise fatigue recovery [J]. J Wuhan Inst Phys Edu, 2007, 41(12):

48-52.

FEFEER. GBS0 E IR B DL A 12 ShRE 71 AOSR T BG4

ARUFFTHEIRT]. B4 T frill2=4i, 2018, (18): 146-150.

Ren XY. Advances in the research progress on the improvement of sports

ability and its detection techniques of organic acids in sports nutrition [J].

J Food Saf Qual, 2018, (18): 146—150.

Amin B, Karimi M. The effect of glutamine and glucose supplementation

on maximal aerobic power and hemoglobin concentration in athlete young

girls [J]. Ann Appl Sport Sci, 2017, 5(1): 25-30.

Mesa JLM, Ruiz JR, Gonzalez-Gross MM, et al. Oral creatine

supplementation and skeletal muscle metabolism in physical exercise [J].

Sports Med, 2002, 32(14): 903-944.

European Food Safety Authority (EFSA). Opinion of the scientific panel

on food additives, flavourings, processing aids and materials in contact

with food (AFC) on a request from the commission related to furfural and

furfural diethylacetal [J]. EFSA J, 2004, 2(7): 67.

Ttk URRANSE I AhRE T[], P IER T Hk

Meng YL. Creatine supplementation and motor ability [J]. China Sports

Coaches, 2016, (4): 18-20.

51,2016, (4): 18-20.

Frolich W, Borsheim E, Raastad T, et al. Assessment of creatine in sports
products [J]. VKM Report, 2010.
HEF. ARG S 57 HL &
FlzpZRs, 2011, (12): 289-292.

LA S (0], [ STy

Bai BF. Thinking on the mechanism and application prospect of theanine

anti-exercise fatigue [J]. Chin J Exp Tradit Med Form, 2011, (12):
289-292.

. ZRARRXNTIE S BUICEIZ SR RS []. FREEASH, 2016, (6):
23-24.

Li M. Effect of theanine on athletes' anaerobic exercise ability [J]. Fujian

Tea, 2016, (6): 23-24.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

[40]

Peters B, Junker A, Brauer K, et al. Deletion of pyruvate decarboxylase by
a new method for efficient markerless gene deletions in Gluconobacter
oxydans [J]. Appl Microbiol Biot, 2013, 97(6): 2521-2530.

Poortmans JR, Rawson ES, Burke LM, et al. A-Z of nutritional
supplements: Dietary supplements, sports nutrition foods and ergogenic
aids for health and performance part 11 [J]. Brit J Sport Med, 2010, 44(10):
765-766.

Andres S, Ziegenhagen R, Trefflich I, et al. Creatine and creatine forms
intended for sports nutrition [J]. Mol Nutr Food Res, 2017, 61(6):

1600772.

Jones M, Busekrus R, Torok Z, et al. Effects of creatine supplementation
and doxorubicin treatment on diaphragm myogenic regulatory factor
expression [J]. Faseb J, 2018, 32(1): 769.

Kim HJ, Kim CK, Carpentier A, et al. Studies on the safety of creatine
supplementation [J]. Amino Acids, 2011, 40(5): 1409-1418.

R, ST, WURRYE A8 3h 8 3% dh i i F s Fv (9], &dd 1
bR, 2013, (13): 331-339.

Yang ZY, Mi MM. Study and application of creatine as a sports nutrient [J].
Sci Technol Food Ind, 2013, (13): 331-339.

Kreider RB, Kalman DS, Antonio J, et al. International society of sports
nutrition position stand: Safety and efficacy of creatine supplementation in
exercise, sport, and medicine [J]. J Int Soc Sport Nutr, 2017, 14(1): 18.

Scf EU. Report of the scientific committee on food on composition and
specification of food intended to meet the expenditure of intense muscular
effort, especially for sportsmen [J]. Eur Commission Briissel, 2001.

EFSA panel on dietetic products, nutrition and allergies (NDA). Creatine
in combination with resistance training and improvement in muscle
strength: Evaluation of a health claim pursuant to article 13 (5) of
regulation (EC) No 1924/2006 [J]. EFSA J, 2016, 14(2): 4400.

Dunstan D, Barr E, Healy G, et al. Television viewing time and mortality:

The Australian diabetes, obesity and lifestyle study (AusDiab) [J]
Circulation, 2010, 121(3): 384.

Tetens 1. EFSA panel on dietetic products, nutrition and allergies;
scientific opinion on the substantiation of health claims related to creatine
and increased attention (ID 1524) and improvement of memory (ID 1528)
pursuant to Article 13 (1) of Regulation (EC) No 1924/2006 [J]. EFSA J,
2013, 11(2): n/a-n/a.

IR, HRiE SRS Z AR YERREL]. BHEAE R, 2000, (3):
564-565.

Zhang HX. A brief discussion on the metabolite accumulation theory of
sports fatigue [J]. Science, 2009, (3): 564-565.

Liu R, Wang SM, Li ZY, et al. Pyruvate in reduced osmolarity oral
rehydration salt corrected lactic acidosis in sever scald rats [J]. J Surg Res,
2018, 226: 173-180.

Butts J, Jacobs B, Silvis M. Creatine use in sports [J]. Sports Health, 2018,
10(1): 31-34.

Dalbo VJ, Roberts MD, Stout JR, et al. Putting to rest the myth of creatine
supplementation leading to muscle cramps and dehydration [J]. Br J Sport
Med, 2008, 42(7): 567-573.

FRIEAN. TRRRR D FE XTI SATLIAR B Ao IR s AR A 5 i B LR Y

TN AERtE R, 2005.

Guo YJ. Effect of pyruvate supplementation on body composition and fat

metabolism in sports body and its mechanism [J]. J Beijing Sport Univ, 2005.



%5 15 3]

F AT AR LRI RE K

HAEz gl i ]

5033

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Jeukendrup A, Gleeson M. Sport nutrition [M]. USA: Human Kinetics,
2018.

Munoz VR, Gaspar RC, Crisol BM, et al. Physical exercise reduces
pyruvate carboxylase (PCB) and contributes to hyperglycemia reduction in
obese mice [J]. J Phys Sci, 2018, 68(4): 493-501.

Spano M, Kruskall L, Thomas DT. Nutrition for sport, exercise, and health
[M]. USA: Human Kinetics, 2017.

Onakpoya I, Hunt K, Wider B, et al. Pyruvate supplementation for weight
loss: A systematic review and meta-analysis of randomized clinical trials
[J]. Crit Rev Food Sci, 2014, 54(1): 17-23.

Addevico F, Svedman S, Edman G, et al. Pyruvate and lactate as local
prognostic biomarkers of patient outcome after achilles tendon rupture [J].
Scand J Med Sci Sport, 2019.

Acsinte A, Alexandru E. Blood lactic acid concentration changes in
women handball players during a high intensity training session [J].
Gymnasium, 2017, 13(2): 200.

Ay ToAT 108 SRS T B AU i FLRR AR R AU R R (1],
HEARLEERIFSE, 2012, 16 (6): 507-510

Li Q. Exploration of training methods for postponing blood lactic acid

accumulation in anaerobic endurance exercise [J]. Life Sci Res, 2012,16

[48]

[49]

[50]

(6): 507-510.

Miyamoto T, Oguma Y, Sato Y, et al. Elevated creatine kinase and lactic
acid dehydrogenase and decreased osteocalcin and uncarboxylated
osteocalcin are associated with bone stress injuries in young female
athletes [J]. Sci Rep-UK, 2018, 8(1): 18—-19.

Coco M, Di CD, Ramaci T, et al. Role of lactic acid on cognitive functions
[J]. Phys Sports Med, 2019: 1-7.

Petralia MC, Perciavalle V, Basile MS, ef al. The rise of lactic acid, from a
pharmacist’s laboratory to entry into the central nervous system [J]. Sport

Sci Health, 2018, 14(2): 455-457.

(Ui HEF)

((E=TER

EXEF, TEARSEAAENEF.
E-mail: u56245@163.com



