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HYTPUTUBHE HOTPEBE MJUIAJIUX CITOPTUCTA

dusnuka Kyatypa, beorpan, 63 (2009), 2, ctp. 149 — 164, Ta0. 3, nurt. 26

Cazxkerak

VYyenrhe miamux y cropty mokasyje ysia3au Tpesa. [loctoju jaka naTepakuuja usmely ucxpane, pacra/pa3Boja U MIOCTH3amka yCIexa y
criopry. ITojennnu acrnextu Gpusronoruje GU3HYKOr pajia Kox aere yspacra 7-12 roquHa, HUCy 10BoJbHO jacHH. IIporieHy norpeda aere 3a
MaKpO/MHKPOHYTPHUEHTHMA OTeKaBa (PU3HOIIOIIKA BapHjabHITHOCT pacTa TOkoM ybeprera. Mnak, MOXe ce yKa3aTu Ha OIIIiTe oTpede oBe
HoIyNakoHe rpymne: 1) pexuaparauuja, paju o4yBama OnTHMaIHEe QYHKIMje KapMOBaCKYIapHOT CHCTEMa, 3aCHHBA CE HA PHHIUIINMA
KOjH ce IPUMEIbY]jy KOJ OJIpaciux; 2) 3aJ0BOJbeH:E M0Tpeba 3a CHEPIijoM M MaKpOHYTPHEHTHMA; THEBHE CHepreTcke norpede, y yzpacty
on 9-13 ropuna m3uoce 1400-3000 Kceal, y 3aBucHOCTH Of1 10718, CTaaujyMa ImyoepTeTa i PU3HYKUX 3aXTeBa; MPEMOPYICHH YHOC TPOTEHHA
je 1,5-2,2 r/xr TM, yHoc yribeHux xuzapara tpeba na je nzHag 50% AHEBHUX €HEPreTCKHX IoTpeba, a yHOC SCEHIMjaTHUX MAcCHUX
KHCeNnHa Tpeba Jia je y CKIIaay ca Ipernopykama u 3) onTuMalaH YHOC MHKPOHYyTpHeHara o0e30elyje ce 3a10BOJbeheM SHEPreTCKUX
norpeda u mpuMeHoM OanaHncupane aujere. Hajuemrhn nedunurn MuHepana, koI MIIaIuX CIIOPTUCTA OJHOCE ce Ha TBOXkNE W KaIIujyM.
CyrieMeHTaIyja BATAMUHCKO-MIHEPATHUM IperiapaTuMa Hije nokasana OcHeuijanHe eekre Ha pacT U pU3NIKO JOCTHTHYhe.

Kibyune peun: JETA / AJOJIECLHEHTU / CTIOPT / PACT/ UICXPAHA

YBOJI

VYuenthe genie u agonecieHara y opraHiu30Ba-
HOM CIIOPTY TI0Ka3yje y3JIa3Hy TeHACHIIU]Y Y MHOTHM
3emsbama cBera. Y EBponM 3acTyIUbEHOCT MIIAJuX,
y3pacta 6-16 ronuHa y ciopty kpehe ce y pacnony
o1 53-98%, y 3aBUCHOCTH OJ1 3eMJbe. Y HAIIIO] 36MJbH
je 55% yuenuka, y3pacta 13,6 roauHa, YKJbY4CHO
y HEKy cnoprcky aktuBHocT (MwnanoBuh u cap.,
2008).

[IpaBuiHa MicxpaHa je CUTYPHO jeqHa o[ IViaB-
HUX KOMIIOHEHTH pacTa M ca3peBamba, alll U ycrexa
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y crnopty. Yuecranuje nospehuBame U 000JbeBambE
CIIOPTUCTA C€, MOpe] OCTAJIOL, MOXKE IOBE3aTH ca
EHEePreTCKUM U HyTPUTUBHUM JCQHUIUTHMA.

Bpio wecto je orpanuueH Opoj UCTpakuBamba
Ha y30pKy Jele U aJoJIeclieHaTa YKJbyUEeHUX y opra-
HHU30BaHE CIMIOPTCKE aKTUBHOCTHU. McTpakuBama oBe
MOMyJIallMOHe TPyIe MOpajy Ja 3aJ0BOJbE ETHUKE
3aXTeBE U UCKJbYUYjy arpeCUBHE METOJIE.

149



Mapuna Bophesuh-Huxuh

Enepreruxka mumuhHe KoHTpaknuje
KO J1e1e

®dakropu koju onpel)yjy yTuiMzanujy yribe-
HHUX XHIpara ¥ MacTH y CHEpreTcKoM MeTabonmn3-
My OJIpaciHMX CIIOPTUCTa JOOPO Cy Mmo3HaTH. [J1aBHE
pas3jMKe, Koje ce youaBajy, Kaja ce Mmopejae MIaau u
OJIpacyy ,TOKOM JYTOTPajHOT (PU3UYKOT pajia Cy:

1. HIWKM cajpXkaj IIMKOTeHA y MUIIMhKHMa KOJ
Jietie, ITO BOAW Y PaHUjU YTPOIIAK OBOT II0-
Jaucaxapuaa u

2. morteHuWjasHo Beha yTHIHM3anyja MacTd KOJ
MJIAIUX CITOPTUCTA.

Bpennoctn mimkorena y mwumuhuma cy 50-
60% HIKe KOJ JIelle HEero IITO je TO KOJ OpaciiuX.
Konununue ce mosehaBajy TOKOM Marypaldje, Tako
Jla Cy OHE Yy CTapujux Je4yaka CIMYHE BPEIHOCTH-
Ma celleHTepHuX Mymikapaia (Boisseau et al., 2000).
C nmpyre crpaHe, IpOAyKIMja TIUKOT€HA y jeTpU U
weroBo uckopuiihasawe y IIHC Bapupajy y 3aBuc-
HocTH o1 y3pacta. [lopehane norpebe mo3ra 3a Tiry-
ko3oM (4 mg/kg/MuH) y neTumbCTBY, npatd u Beha
NpoayKIMja miMkoreHa y jerpu (6 mg/kg/mun). OBo
je jemHo oI Tymauema OpiKer yTpOIIKa IIIMKOTeHa
koju ce cpehe xox gene (Boisseau et al., 2000).

Jena y3pacra 7-10 u 12-15 roguna, 6e3 00-
3upa Ja JId TPEHUPA]y, UMajy Mamy CIOCOOHOCT
pedochopunanuje ATIT y anaepooHOM MeTabOIU3-
My TOKOM BeXOarha BUCOKOT MHTEH3HMTETa, Y OJHO-
cy Ha ozpacine. Cmarpa ce 1a je Koi Jelle cMambeHa
DJIMKOJIMTHYKA CIIOCOOHOCT YCIIEl CMarmbeHEe aKTHB-
HOCTH €H3MMa JIaKTaT-JiexuaporeHase u Qocdo-
pykrokuHasze. J[lpyraumju obOpasai perpyToBama
onpeheHux TUIOBa MUIIMNHUX BIaKaHa TOKOM KOH-
Tpakije Muinuha KoI Jele je IPyro o0jallbermne
oBe mojase (Boisseau et al., 2000). Pa3nuka usmehy
JIeTe U OJIPACIIUX Y aKTUBHOCTH €H3UMa IJIMKOJIN3E Y
murhrMa HeCTaje TOKOM aJ0JIeCIICHIIM]e, TaKo 1a
je ona Bpyio mana, Beh y y3pacty ox 13-15 ronuna.
C npyre ctpasne, KoJ Jelie je npucyTHa Beha crocoo-
HOCT 3a OKCHJAllMjy NHpyBara, MTO OM yKa3uBajo
Ha Behe yuenihe aepoOHor 00e30ehema enepruje us3
yribeHux xujpara (y aasbem Texcty - ¥ X) (Boisseau
et al., 2000).

Beha yrunmsanuja mactu (moBehana nmumonmsa
W OKCHJAIja CIIO0OJHIX MAaCHHX KHCEIHHA) MOXKE
KOMITCH30BaTH PEIYKOBaH INIMKOJIUTUYKH KalalUTeT
U Tako oMoryhuTH na y mia3mu Oyae odyBaH cTaOu-
JIaH HUBO TIIYKO3€, TOKOM BekOama (Boisseau et al.,
2000).
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Hewma pazmmke y Bpennoctuma ATII u kpeatnn-
tdhocdara (KO) y mumuhmma nette u onpaciux. Cro-
ra, Koj Jere HUje CMameH KallaluTeT 3a BexoOame,
gmje Tpajame He mpenasu 10-15 cexynmu. Tako criop-
TOBH KOjU Cy TIPEICTAaBJLCHH KPATKUM JIEOHHIIAMa
Tpuama, IINBaka, CKOKOBA, ITyTHparka WK yaapana
OuBajy ox aere nako npuxBahenn. [IpeamonecuenTn
300T MPETXOTHO HaBEIEHOT WMajy Temkoha ma omp-
’K€ BUCOKH WHTCH3UTET TPCHUHTA KOJH Tpaje MPEKo
15 cexynau 1o 1-2 MunyTa.

OrmopaBak ferie W ajojecIieHaTa OBHja ce
OpKe HEeTO KOJT OJIPpACITHX, jep CY HIDKE KOHIICHTPAIIHje
JIaKTaTa ¥ BOJOHWKOBUX jOHA Y KPBH, HAKOH WHTEP-
BaJTHOT TPEHWHTa BHUCOKOT WHTeH3uTeTa (Boisseau
et al., 2000). 3Hauajan je rmomaTak /a je MaKCUMaJIaH
HUBO JIaKTaTa y KPBH y TUPEKTHO] BE3U Cca MOPACTOM
BOJIyMEHa TE€CTHCA KOJ Je4aKa TOKOM IyOepTeTra u
HHUBOOM TE€CTOCTEPOHA y TIJbyBAaYKH.

OmmTa je carmacHOCT Ja Cy Aema W amoliec-
IIEHTH M00pO amanTHpaHu 3a AYyTroTpajHO (U3HUIKO
BexkOame ((Boisseau et al., 2000; Aucoturier et al.,
2008).

3a10BO/beH-€ EHEPreTCKUX NMoTpeda

[loBehane eneprercke morpede, TOKOM ITy-
Oeprera M aJOJICCICHIIMjE, YCIIOBJbEHE Cy yOp3a-
HUM pacTtoM U pa3BojeM. CIIOPTCKU TPEHHH3HU y 3a-
BHCHOCTH OJi KapaKTepUCTHKa (MHTEH3UTET, JIy’KH-
Ha Tpajama, y4eCTaJloCT, THUI BEKOama U JIp.) JO-
natHo moBehaBajy eneprercke 3axreBe. Benmka
MHIMBH/yaJlHa BapujaOUITHOCT aJI0JIECIICHTHOT pac-
Ta, Ca CBOje CTpaHe, OTeXaBa yTBphUBamkE EHEepreT-
CKHUX IoTpeda miazne ocobe. EHepreTcku 3axTeBu 3a
nerry m3mehy 9. u 13. ronune ce kpehy y pacnony
on 1415 kcal/nan 3a cefieHTepHe AeBojumuiie, g0 3038
kcal/nan 3a Bpio aktuBHe 13-rogumme nedake. [lo-
Tpebe cy Behe 3a amoneciienre y3pacta 14-18 romnu-
Ha. Kpehy ce y pacriony o 1718 kcal/nan 3a cenen-
TepHe neBojumiie, 10 3804 kcal/nan 3a Bpiio akTUBHE
nevake (Petrie et al., 2004).

Busio je Buie ucTpakuMBama y KojuMa je Ha-
POYUTO KOJ MIIAIUX CIIOPTUCTKHIbA, MOCEOHO Y
€CTETCKHMM CHOPTOBUMA (CIIOPTCKA M PUTMHUYKA THM-
HacTHKa, YMETHHYKO KJIM3ame W CI.) 3abernexeH
HE3a/I0BOJbaBajyhiu €HEPreTCKu YHOC TOKOM JIyKer
BpEeMeHCKOr mnepuona. HeraruBaH eHeprercku Oa-
JIAHC y OBMM OKOJTHOCTUMA OHO je mpaheH KallibemheM
nybepreTa, 3a0CTajalbeM y pacTy, CMalbeHUM BpE/I-
HOCTUMaA KOLITAHE TYCTUHC, HOBehaHI/IM PU3UKOM
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oIl TIoBpehuBama, YCIIOPSHUM OTIOPaBKOM, KaCHHU)jOM
M0jaBOM MEHapXe, MEHCTPYaIHUM JHCPETYIapHO-
CTHMA, Kao M JIPyTUM 3HAIMMa HYTPUTUBHHUX Je(U-
uta. Kog Miagux criopTHCTKUIbA Y TIOCTIYOEPTETY
JyTOTPAjHO €HEPTeTCKO WCIPIBUBAKHE MOXE OWTH
nmpaheHo OJUTOMEHOPEOM, M30CTaHKOM OBYJIAIH]a,
CEeKYHJApHHM aMeHOpeamMa W PEAyKIHjOM JIy»KH-
He JyTeanHe ¢ase nukiyca. PeoBHO ce y OBak-
BHM CJIy9ajeBUMa Oelie’ke M3Pa3uTO HHUCKE BPEIHO-
CTH TEJICCHUX MACTH M BEJIMKU IMICUXO(QU3NIKH CTpeC
(Fialaireet al., 2002; Benjamin, 2007; Loucks, 2007).

VY OopumaukuM croptoBuMa (OOKC, Kapa-
Te, pBalkbe W CJI.) TOCTOjH KaTeropm3alidja Ipe-
Ma TEJIEeCHO] MacH, Kajua CIIOPTHCTH WMajy TOTpe-
Oy 3a Op30M pemyKIMjoM TelecHe Mmace. Tama ce
4ecTo mnpuberaBa PUTOPO3HUM XHUITOCHEPTETCKHM
nrjeraMa, mpaheHuM jakuM TpeHUH3UMA. Y THM Tie-
pHOIUMa CE OCHM CHEpPreTCKOT, MOTY YTBPAUTH U
pasTUIUTH ACHUIUTH ECCHITMjaTHIX HyTpHeHaTa
(eceHIMjaTHEe aMHHOKWCEIINHE, KaJIHjyM, TBOXIe,
[IUHK, aHTUOKCHJIATHBHU BUTAMUHU H JIPYTO). Pe3yi-
TaTH UCTPAKUBAKA HA MIIQJINM PBaYMMa, KOJH Y TaK-
MHUYapCKOM TIEPHOIy PaHIHO CMamyjy cBOjy TM,
MOKa3yjy Ja je HeIOBOJhaH CHEPTeTCKH YHOC, TpaheH
MaiuM yHocoM nportersa (0,9 g kg'aan), mto cee
3ajeTHO CMamyje MUIIHhHY Macy, a y JUPEKTHO] je
BE3U ca CMamkemeM cHare u cwte mutuha (Horswell,
1990). HaBemena aumjeTHa OACTYIIalkba TOKOM TakK-
MHYapcKe Ce30He, MpaTH U anrepanuja y QyHKIuju
OCOBHHE XHITOTAIaMyC-XUTO(N3a-TEeCTUCH U OCOBH-
HE XOPMOH pacTa-uHCYIUHY cliudaH (paktop pacta 1
(Roemich et al., 1997).

,Catch up “ pacta ce BpJIO 4eCTO OCIIeKH Kao
(U3UOJIOIIKN OITOBOP HA EHEPTETCKO UCIPIIIHHBALE
y o0e HaBesieHe rpyre cropToBa. Taja ce y mepuo-
JIMMa BaH TaKMHU4CHa, MOOOJhIIaBa KBAIUTET WC-
XpaHe, a OpraHu3aM MJIaJuX CIIOPTHUCTA KOMIICH3Yje
Hactanu AepuiuT. Y BehwHHM ciydajeBa Oeieku
ce HaJIOKHAJIa M3TyOJLEHOT U JIOCTU3Ahe, WIN YaK
npemammBame porHo3upane TB (Horswell, 1990;
Roemich et al., 1997).

YribeHu Xuaparu

VYrmwenu xuapatu (Y X) cy IpuMapHu eHepreT-
CKH CyICTpar 3a GU3MYKU paji TOkoM BehuHe cropr-
CKHMX akTUBHOCTH. [loBehame HHTEH3HUTETA paja au-
PEKTHO je moBe3aHo ca BehuM uckopuirhaBambeM Iry-
Ko3e 1 mkoreHa. Caipikaj IIIMKOTeHa y MUIIHhiMa
je maBHM JmuMmHTUpajyhu dakTop myKUHE paaa y
CIIOPTOBUMA H3APKJbUBOCTU. [IpenopydeHu yHOC
yriseranx xuzapara (DRI — Daily Recommanded
Intake) ox 100 g mHEBHO 32 y3pacre 9-18 roauna of-
HOCH C€ Ha HEONXOIHY KOJIMUMHY [TyKO3€ 38 HOpMaJl-
Hy ¢yHKujy mo3ra (Petrie et al., 2004). Pecunresa
MUNIMAHOT TIMKOT'eHA, HAKOH TPEHUHTa, Moipa3yMe-
Ba noBehaHu yHOC yribeHux xuzpara. Hajsehe Bpen-
HOCTH YHOCA YIJb€HHX XUjpaTa Oesiexe ce y Cropro-
BUMa U3IPKbUBOCTH 3524127 g/maH kom JeBojaka
(17,4£1,4 Ton.), 3atum kox pBada 367+123 g/man y
MPEeITaKMUYAPCKOj CE30HHM, Y amepudkoMm (yada-
any 366170 g/nan u kon gynodanepa, 526+62 g/nax
(Petrie et al., 2004).

Jomr yBek HHje jacHO Ja JM je ucxpana Oora-
Ta YIJbeHUM XujpaTrMa OeHeuIja 3a Mitajie crop-
TUCTE, MOCEOHO y CIIOPTOBMMA KOJH TPajy JIyKe O
1-1,5 car. Mmak, npenopyke cy na ynoc YX, Oyme
Behu on1 50% yKymHOT eHepreTckor yHoca. XKurapu-
e, nosphe u Bohe, Kao IIIABHU HOCHOI YTJbCHUX XH-
Apara, aJii 1 BATAMWUHU, MUHEPAJIN U I[I/IjeTHa BJIaK-
Ha, CUTYpHO O jnompuHenu o0e30ehemy noBosbHE
eHepruje 3a paj, OOHOBM MUIIMNHOT TIIMKOTEHA U
04yBarby MPOTEHHCKOT MyJia y OPraHu3My.

Mactn

[Ipenopyke 3a yHOC MacTu KOA MJaaux CIop-
THUCTA Cy CJIMYHE OHMMa KOJA OApaciuX W H3HO-
ce 25-30% yKynmHOI €Heprerckor yHoca. Bennku
3Hauaj €CEHIMjaIHUX MAaCHUX KHCEIHHA YCIOBHO
je moctojame mpenusHux npenopyka (Al- adequat
intake) 3a yHOC OBe BpcTe MacHUX KucenuHa (Tabe-
na 1) VHoc 3acuheHnX MacHHMX KHCEIHHA He Tpeda
na Ooyne Behu on 10% yKymHOT €HepreTckor yHoca
(Petrie et al., 2004; Aucoturier et al., 2008).

Ta6ena 1. AnexBaTaH yHOC €CEHIMjAIHUX MACHUX KUCEJIMHA, TIpeMa oIy U y3pacTy.

moJI V3pacr (roa.) JIuHoJiHa K. (8) JIunoJsienHcka K. (g)
K 9-13 10 1

y) \ 14-18 11 1,1

M 9-13 12 1,2

M 14-18 16 1,6
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Penykmmmone namjere, Koje ce CIPOBOIE KO
CIIOPTUCTA KOjU pajie Ha TocTu3amy onpehene TM
WM TEeJIeCHEe KOMITO3UIIHje, MOpajy ce O6a3muparu Ha
O4yBakby MHHYMyMa TEJICCHHUX MAcTH Yy OpraHu3-
Mmy. Tako ce y3uma Jia 3a JieBOjKe MacHa KOMIIOHCH-
Ta He Tpeba na Oymne Mama of 14%, a 3a mianuhe 7%
(Petrie et al., 2004; Aucoturier et al., 2008).

Iporennn

3Hauaj ONTUMAJHOT YHOCa MpPOTeHHAa KOJ
CIIOPTHCTA TOKOM ITyOepTeTa U aJ0JIeCICHIIU]E j¢ BU-

mecTpyk. OcHM OMIITEe MOAPIIKE pacTy, YHOC aMH-
HOKHCENTMHA BakaH j¢ 3a pa3BOj MHUINMMhHE Mace |
LIEeIOKyITHEe Oe3MacHe TelecHe KoMIToHeHTe. Omre
TIpaBHIIO, IO KOMe he ce aMHHOKHMCeTnHEe HCKOPHCTH-
TH Ha HajOOJbHM HAYMH y OPTaHW3MY, 3aJ0BOJHCHEM
EHEPTeTCKUX MoTpeda, y OBOM CIIydajy je oI mpuMap-
sor 3Ha4aja (Horswill, 1990, Roemich et al., 1997).
Cwmarpa ce aa ce TpernopyKe 3a YHOC MPOTEH-
Ha, KOje ce OHOCE Ha Ofipaciie CIOPTHCTE, a U3HOCE
12-15% nHEBHOT €HEpreTCKOT YHOCa, MOTY TpuMe-
HUTH KoJ etie u afoieciieHara (Petrie et al., 2004).

Taoesa 2. YHoc nporenna (g kg'nan) nene u agonecrienara, pauynaro kao 12-15% aHeBHOT eHepreTCKor

yHOCa
Eneprercke norpede IIpotennn 12-15%
o, yspact ™ (ke) (kcal/mam) (gkg'nan™)
JeBojunta, 9 ro. 29 1390 1,44-1,78
Anonecuenrt, 18 ro. 67,2 3804 1,7-2,12

[IpuxBahena je 3akoHuToCT ma he moBehanm
EHEePreTCKH 3aXTEBU N3a3BaHU (PU3MIKUM TPEHUH3H-
Ma, YCJIOBHUTH MoBehame eHepreTCKOr YHOCA, 8 0uy-
BaHU OallaHC MaKpOHYTpHeHAaTa, 3Haunhe u cpazmep-
HO ToBehame yHoca nporenHa. [loganm w3 nurepa-
Type TOBOpE Jla y pa3HUM CIOPTOBHMA KOJ| MIaJuX
CropTrcTa OMBajy 3aJ0BOJbEHE IOTpede 3a ONTH-
MaJHUM YHOCOM TIpOTeHHa. 3abenexeH je HajBehm
YHOC mpoTenHa Koi xokejarra 2,2+0,5 g kg'nan!
(12,5+0,5 Tom.), nok je HajHmwku u3Hocwo 0,96+0,6
r kriman’!, kox peaua (16,0+1,9 rox.), y ce30HM Kaaa
je crpoBeznena penykiuja TM on 3,5%. [pumukom
onpehuBama morpeda 3a MpoTeHHUMA KO JIETe MHO-
ra (pU3MONI03U W HYTPHUIIMOHUCTH TPEMOpydyjy Aa
Taj yHOC Oyle 3a cropToBe W3apkJbmBOCTH 1,2-1,6
krlman’!, a y cnoproBuma cuare 1,2-1,7 r kr! man™!
(Petrie et al, 2004).

[lurama Koja CHUTYpPHO OCTajy OTBOpPEHA Of-
HOCE ce Ha CTIOpTOBe U (aze y TPEHaKHOM MPOIECY
Ka/1a TI0CTOj€ U3Y3E€THO BEJIUKU CHEPIeTCKU 3aXTCBH,
YCIIOBJHCHH TPEHWHTOM HW/HIHM Kaaa Tpeda CIpoBe-
CTH PECTPUKIIH]Y EHEPTETCKOT YHOCA, 1a OU ce pemy-
KOBaJIe TEJIECHE MACTH WJIM MOCTUINIA TaKMHYapCKa
TM. Curypao ma Tpeba MpOYYUTH CHUTyamuje Kamua
ce TIOKJIanajy TEeNIKH CIOPTCKH TPEHWH3U ca aJio-
JIECIIEHTHUM 3aMaxoM pacta. [Ipernopyka je na yHoc
poTenHa Taaa He Oyme Mamu ox 1,5 g kg man.
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YHOC TeYHOCTH U TepMOperyJanuja Koji
Aelie U a/10J1eCHeHaTa TOKOM CIOPTCKOT
TPeHUHTa

Hexonuko je 3HadajHux (hakTtopa KOjH yTHUY
Ha peryJmcame TelIeCHe TeMIeparype TokoM (Gu3ny-
KOT pajia: y3pact, aHTPOIIOMETPUjCKE KapaKTePUCTH-
K€, MAKCHMAaJIHa [OTpouImka Kuceonuka (VO, max) u
CTEICH aKJIMMaTu3allyje.

CreneH 3HOjema KOJI IPEny0epTeTCKUX Aeda-
Ka, TOKOM BexOama, 3Ha4ajHO je MamH (CKOpo Y2 )y
OITHOCY Ha mutaje oapacie mymkapie (Bar-Or, 1989;
Inbar et al., 2004; Rowland, 2008). OmgHoc Tene-
cHe noBpiuHe U TM je Behu y nopehemy ca ozpac-
numa. Behin je MeraGonuyuku onroBop y OCHOCY Ha
TM — Huka je eKOHOMHKA BexOama. PenykoBaH je
CpUYaHU ayTIyT, IPU AATOM METAOOJIMYKOM HUBOY U
CriopyYja je akjMMaTH3allija Ha BHCOKY TeMIlepary-
py (Bar-Or, 1989; Rowland, 2008). KonuenTpanuja
CJIICKTPOJUTA y 3HOjy neuie je Hiwka (Inbar et al.,
2004). basupano Ha OBMM oOIicepBalfjaMa OpraHu-
3aM Tperny0epTeTCcKe JAele je TPaIUIMOHAIHO CMa-
TpaH ,,Mamke e(HEKTUBHUM Yy TEPMOpETyIaluju‘ y of-
HOCY Ha oxpaciie, ca roBehanum pusukoM oj Ooste-
CTH HACTaJMX yCJe] TOIUIOTHOI mperpejaBama. Jla-
Hac, KapaKTepucTUke (HU3HOJIOIIKOT Or0OBOpa U pe-
3yntara BexOama, y YCIOBUMa BHCOKE TeMIIepary-
pe, HUCY JIOBOJBHO jaCHE KOJI MJIAJIUX, aJld HajHOBH]a
Ca3Hama, yKa3yjy Jla He I0CTOj¢ 3HadajHe pasiIvKe
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mmMelhy ompaciux u geme. CrerneH nexuapaTaiyje u
PU3UK 071 000JbEHa HACTAINX KA0 Pe3yaTar TOTIIOT-
HOT CTpeca He pa3iuKyje ce u3Mely nere u oapacinx
(Inbar et al., 2004; Rowland, 2008).

basmpano Ha OCHOBHOM BOJIyMEHY H3Iyd4e-
Hor ypuHa ox 22 g kg'''mam' u OYeKMBaHOM BOITY-

MeHy ofpejuBaHOM TIpeMa EHEPreTCKOM YTPOIll-
Ky Y KWJOKaJopHjama, Tpeba ompemuTH MoTpedaH
YHOC TEYHOCTH KOJI MJIAJMX CIOPTHCTA. Y Tabesu
3 mpuKazaHW Cy CyMapHH IMOJAlM CTENeHa 3HOjeHha
KOJI MJIQJIUX CIIOPTUCTA Y HEKUM rpyliaMa CIopToBa
(Petrie et al., 2004).

Taoesa 3. CreneH 3HOjewa KOJI Jielle U aJjoNeclieHaTa y HekuM crioproBrmMa (PB-penatuBHa BiaxxHOCT)

npema Petrie et al. (2004)

Crenen
V3pacr Ioa (0Op. 3HOjea YesoBu
Henuranunu Bpera eikbara (ron.) ucnuranuka) | (mpocex+CJI) cpeauHe
(Ma/4ac)
TpuarioHumn® Jla6. nyatinon 12,5-14,8 Myn. (7) 640+370 HEIO3HATH
Tpuatnonuu* Jla6. nyation 12,5-14,8 Ken. (8) 510+226 HEIO3HaTH
TpuatinoHuu® Jlab. nyatinon 15,0-17,1 Mym. (9) 1260+170 HEIO3HATH
Tpuatnonuu* Jlab. nyatnon 15,0-17,1 Ken. (8) 710+379 HETO3HATH
THMCKH U HHIUB. Jlab. Tpuame, 25,5°C;
+ +
cnopTt & OULIMKII, 13,041 Mymr. (9) 937+342 PB:27,3%
THMCKH U HHIUB. Jlab. Tpuame 26,5°C;
+ +
cropr & OUIIUKII 17,01 HKen. (6) S67+165 PB:27,3%
Temuc, peake, epBr?l\fI:IT(gp 33,0 °C;

b _ :i: 2 b
00KC, aTJIETHKA U ¥ TPOTICKHM 11-14 Mymn. (12) 566110 PB:58.5%
MJIMBam-€e

yCIIOBUMA
Tenuc 31,6 °C;
(crymmja cayuaja) TeHucky TepeH 17 Mym. (1) 2500 PB-62%

* CuranuKaHTHA 3aBUCHOCT CTCIICHA 3HOjCHba OJ1 y3pacTa

o CrereH 3HOjema je Ono CMrHU(UKAHTHO HUKU KOJ MIIQJIMX Y OJHOCY Ha OJpaciie y UCTUM yCIOBUMAa TPEHHUHTA U

CII0JballIl€ CPCANHE.

YHOC TeuHoCTH

AHGKBaTaH YHOC TCYHOCTH TOKOM M HAKOH
CIIOPTCKOT TPEHUHTA je O] NMPUMapHOr 3Hadaja 3a
37paBJbe YUECHHKA U MOCTH3abE YyCIeXa y CHOPTY.
Hexunparanuja peMeTd HOpMaiHy (YHKUHUjY Kap-
JIMOBACKYJIApPHOT CHUCTEMa U TePMOpETYJalujy, ITO
MOCeOHO KOJI JyrOTPajHOT BexkOama y yCIIOBUMA
BHCOKE TEMIIepaType MOXKE JOBECTH 10 030MIJbHHX
nopemehaja y opranmsMy. ['yOutak Te4HOCTH O
1-2% TM cmamyje H3IPKIBUBOCT, HW3a3uBajyhn
npomene y [IHC-y. UctpaxkuBama in vitro ykasyjy
Jla Jexujuparaiuja yop3aBa pasrpajmby IJIHKOTe-
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Ha W MpOTerHa y henmuju, mTO HacTaje Kao pesyd-
TaT W3MemeHe ocMmonapHocTu. CynpoTHO, yBehame
cazp:Kaja BOJIE WHUIMpA CHHTE3y NporenHa. Behwm
CTETICH NeXuapaTaiyje y opranusMy TmpaheH je
030MJbHMM TIpoMeHa y (hyHKmju henuje.

Hajsehu crenien ryonuTka TeqHOCTH O€IEXKH ce
KOJT (PM3MYKOT pajia KOju Tpaje KOHTHHYHUPAHO TIpe-
ko 1-1,5 car. ¥ Tum okomHOCTHMA Tpeba 00e30ennTi
aJIeKBaTaH YHOC TEYHOCTH TIpe, TOKOM M HaKOH Tpe-
HUHTa/TakKMHYeha. HeomxoaHo je ma Mitaay CriopTH-
CTa YCBOjH TUIaH y3UMarmba TEIHOCTH, KOju he 1o cBoM
KBaHTHUTETY, CACTaBY M BPEMEHY y3UMara MaKCHMall-
HO CMamHUTH MOTYNhHOCT HacTaHKa 3HAYajHOT CTere-
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Ha aexuaparanuje. O00jeHN HAIMUIN, KOJH Calpike
aJIeKBaTHE KOJIMYHMHE YIIbEHUX XUJIpaTa U HATPH]jyM-
xnopuma (YX 30-80 g/I; NaCl 400-1100 mg/l),
Haj0oJpe cy mpuxBaheHn u Mory ma obe3berne Hamo-
KHaJTy OHOTa IITO j€ U3Ty0JheHO, a TAME ITPEBECHUPA]Y
TepMaJTHH cTpec. Mako je KoHIleHTparyja HaTprjyMa
y 3HOJjY JIelle HEIlITO HIXKa, HerO KOJ| OJIPACIIHX, Be-
JMKKM TYOUTaK TEYHOCTH OJi HEKOJWKO JITapa eBa-
opanujoM, Moxke OutHu nipaheH 3HadajHUM meuIm-
TOM HaTpHjyMa.

Hanoxnanma y mepuoay omopaBka Tpeba aa
00yXBaTH YHOC HaTPHjyM-XJIOpH/IA, KaTHjyMa 1 Mar-
HEe3WjyMa, KOjU TIOpea ocTanor Tpeda Ja crpedue Ha-
CTaHaKk MUIIUNHUX TpUeBa.

CrnopTucTH KOjH MOpajy Ja OApXKE Telec-
Hy Macy y oapehenmm rpaHuiiama, Kao IITO je TO
KOJT OHMX KOjH Cy KaTeTOPHCAaHMU TpeMa TeIIeCHO]
Macu (OOpWIauKHM CITIOPTOBHM) HYECTO TIPHUOETaBajy
JIOOPOBOJHHO] AECXUApATAIIjH, KOja Ce W3a3uBa Ha
pasnuuuTe HaduHe. OBaKBa Mpakca je pu3uvIHa u pe-
3yATaT je Hermo3HaBama TOCTyIakKa 3a YCHElHy U
0e30emHy peayKInjy TelIeCHe Mace.

MuHepajau ¥ BATAMHHU

Jyrotpajuu GU3UUKN paj, KOjU je IPUCYTaH y
CIIOPTOBHMMA U3APKIBUBOCTH, HOCH Ca COOOM PHU3UK
0J1 HEJIOBOJBHOT YHOCA MUHEpaJa, koju ce y Hajpehoj
MepH ry0e 3HOjeHEM.

Hajuenthu nedunuti MuHepasa Koja MIIaIuX
CTIIOPTHUCTA OJHOCE C€ Ha TBOXK)E U KaILIHjyM.

Teooiche

Toxom mybOeprera mosehaBajy ce motpede
3a rBOXheM. YOp3aHM pacT LENOKYITHOI OpraHu3-
Ma, mumuhHe mMace, mosehana cuHTe3a XeMOITIOOH-
Ha W TI0jaBa MEHCTpYalldja, TIIaBHU Cy (PaKTOpH KOjH
yclioBJbaBajy nosehame morpeda 3a yHocoM rBoxha.
Cagpxaj TBOKha y OpraHu3My 3aBHCH OI YHOCA,
aricopriyje u ryouTaka U3 oprausma. Y4ecTajocT
XHUIOCHJIEPEMH]CKE aHEMH]j€ KOJI CIIOPTUCTA OATOBa-
pa onoj kox Hecnoptucta (Ehn et al., 1980; Louse
et al, 1993). PerymapHu TpeHWH3H U3IPKIBHUBOCTH,
noceOHO AyroTpajHa Tpyama, MOTY MpeIUCIIOHHpa-
™1 ka Behem ryourky rBoxha (‘Hophesnh-Hukwh,
1995). Cmarpa ce na OBakBM TPEHHMH3U H3a3UBajy
Behu crerneH XeMOIOOUHYpHje U MHOTIIOOUHYpH]E,
ycien, moBehaHe AecTpyKIMje epUTpPOIHUTa (XeMo-
nmu3a) U Mummhaux Biakana (Muonuza) (Peeling et
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al., 2007). Tome Tpeba gomatu u ryOWTKE HacTale
3HOj€EM H ITyTEM TaCTPOMHTECTHHAIIHOT TPakTa. Y
HEKHM HCTpakKWBambUMa Ha ONIPaciiM CIOPTHCTH-
Ma je ytBphen medumut cepymckor rBoxkha y 40%
xeHa u 17 % MyIikapara Tpkada, IITO ce HHje MOT-
JIO cMaTpaTH aHEMHjOM, ajli C€ BE3yje 32 CMAmbCHEC
riepdopMaHcH (aepoOHHU KamaIuTeT) OUTHUX 3a OBE
cnioproBe. MHIMIEHIIa OBaKBUX ITpoMeHa TBoxkha ce
yBehaBa Kako Hampemyje CIIOpTCKa Ce30Ha. 3aTo ce
OBH CITOPTHUCTH CBPCTABA]Y Y TPYITY ,,ITOM PU3HKOM* 1
npemnopydyje uM ce nosehanu yrnoc reoxha. HoBuja
WCTpaXKUBama Cy IOKazaja Ja KOJA CIIOPTUCTKHEbA
ca CHIDKCHMM canpkajeM (eputuHa y KpBH (<35
ug/l), maTpaMycKyIapHa mpuMeHa reokha HHje H0-
Benma 1o TmoOoJpImarma (GU3MYKUX TapaMerapa OuT-
HHX 32 Jyrorpajan paa (submax m max VO,, cpua-
He (peKBEHIMje WIN JIakTara y KpBu). Umak, cma-
Tpa ce nma he oBakaB yHOC CHOPEYHTH HACTaHAK
anemuje (Peeling et al., 2007). AnexkBaran yHOC Ha-
MHpPHHIIA KOje caapike T3B. XeM-TBoXkhe, Kao U Io-
Opa koMOWHAIMja XpaHJbUBHX MarepHja Koje Tpe-
0a ma ONMTHMH3WpPAjy amncopiinjy TBokha (mpote-
WHU, acKopOWHCKa KucennHa) he y Hajsehem Opojy
ciy4ajeBa 00e30eTUTH 3a70BOJbaBajyhu yHOC OBOT
3HayajHOT MHUHepana. Hajoospm mpeamkTop craryca
rBokha y OpraHu3My je TpOoIopIHja YKyITHUX IIPOTe-
nHa y mujetu. C apyre cTpaHe, yHOC Y X U MacTH je
Yy HETaTUBHO] KOpeamuju ca GEepUTHHOM Y TIIa3MH.

IIpobiem MoTy ma TpencTaBibajy OOWIIHH]jA
MEHCTpyaJTHa KpBapema KOJ MIaIuX CTIOPTUCTKUIbA
KOje Cy YKJbYUCHE y aKTUBHOCTH KOj€ 3aXTeBajy HU-
3ak eHepreTcku yHOC 10 2000 kcal mHeBHO.

YV Behunn npyrux cnoptoa, moBehanum eHep-
TEeTCKUM YHOCOM 00e30ehyje ce 3amoBospaBajyhm
YHOC TBOXha.

XeMaToNomK:A TapamMeTpu u (pusmuke mep-
(hopmaniie cy gakTopu Koju onpelyjy OKOTHOCTH 3a
y3uMame papMaleyTCKuX mpemnapara reoxha.

Kanyujym

®dusnuko BexOame HeMa JUPEKTHOT yTHIAja
Ha caJpKaj Kailujyma y opranusmy. Wnak, Ourt-
HO je mozcehame na je 3am0BosbaBajyhu yHOC |
uckopumrhaBame Kainudjyma Ao 25. TOAWHE KHUBO-
Ta, TapaHT KOIITAHOT 3[paBJba Y KAaCHHUJEM KHBOT-
HOM 100y. CHOPTHCTKHESE y ECTETCKHM CIOpPTO-
BMMa (TMMHACTHKa, YMETHUYKO KiHM3ame, Oajer U
CJ.) MPEMO3Hajy €€ YeCTO Kao rpyra MO PH3HKOM
3a HacTaHaK M Pa3Boj OCTEONEHHWje U crpec (pak-
Typa. HemoBo/bHU cajipkaj Kallujyma y KOCTHMa
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npaheH je 4ecTo MaTHYTPHUITH|OM U e PUITH]SHITH)OM
ectporera. CIOpTHCTKHIbGE, KOjeé ca OOMMHHM Tpe-
HUH3WMa 3allOuUEby y MpernyOepTeTCKOM —TepH-
Oy W HacTaBJhajy MX TOKOM ITyOepTeTa, a y3 TO je
YecTo TMPHCYTaH HEJAO0BOJbAH CHEPreTCKH YHOC,
MIPENICTaBIbhajy PU3HYHY TPYITY 3a Pa3BOj OCTCOIICHHU]E
U JIpyTHX HEXeJheHWX TojaBa. Jlyrorpajan medu-
IIUT CHEPreTCKOT YHOCA, YCIOBJLEH BEITUKUM CHEP-
TeTCKAM YTPOIIKOM, TOKOM CIIOPTCKHX TpPEHUWHTa,
npaheH je HUCKUM BPEIHOCTHMA TEJICCHUX MACTH.
Pe3ynrar oBakBUX IpoMeHa y OPTaHU3MY j& KacHHUje
3amovnmbarbe W YCIIOpPeHa Tporpecwja Iybdeprera
(Capustetal., 2000; Fialaire etal., 2002; Loucks et al.,
2007). Cmatpa ce nma he moBehanm yHOC Kaimujyma
(mo 1500 mg mHEBHO), y3 3aI0BOJHEHH-E¢ EHEPTETCKUX
morpebda oMOTYhHTH TTPEBEHITH]Y, OTHOCHO TTOTIPABH-
TH OBaKBO CTamE Y OPraHU3My CIIOPTUCTKHUHA.

HyrpuTtnBHA cynjieMeHTannja

Kopumiheme HyTpUTHBHHX cymiieMeHara BU-
TaMUHA/MUHEpaia CcBe je yuecranuje Mmehy wmuia-
JIMM CIIOPTUCTUMA, IMOCEOHO ajojeclueHTUMa. Y
CAJl yuecranoct ynorpede OBe BpPCTe CyIIEMEHaA-
Ta je oko 46% (Petrie et al, 2004). Ynpkoc pactyhem
UHTEPECOBalbY 3a CYIUIEMEHTE Y JI0CaJalllbuM
UCTpaXHMBakbUMa HHUje TOKA3aHO J1a KOPUCHHUIIM CY-
IIeMeHaTa UMajy Owio kakBe OcHeduimje on yrmo-
Tpebe cymemenara (Petrie et al., 2004; Calfe et al.,
2006; Armstrong et al., 1996). [ToBosbHY edexTr Ha
YKYIaH pacT U CIIOPTCKH YCTIeX KOJI 3paBUX HOpMaJI-
HO YXpameHUX MJIaJIUX CIIOPTUCTA HUCY YTBpheHwH.
CroprucTkumbe ce Hajuenihe o/yTydyjy 3a CyIieMeH-
TE KOjU 10 BHXOBOM MUIILbEHY Tpebda 1a o0e30e/e
OTIOpaBaK, jayambe UMYHHTETa M OUyBarbe 37paBJba.
MoTuBHU CIIOPTHUCTA 32 Y3UMAKBEM HYTPUTUBHUX CY-
IIeMeHaTa OTHOCE CE MPBEHCTBCHO Ha MOOO0JBIIAE
nocrurayha (myrputuBau eprorenn) (Calfe et al.,
2006). Koy 00a rmosia nmpucyTHa je BUCOKA ITpeBajieHIa
ynoTrpeba BUTAMUHCKO/MUHEPATHUX Nipenapara. Hy-
TPUTHBHA CYIUIEMEHTAIIMja jé YeCTO HepaloHaIHa
Y HHUje 3aCHOBAaHAa Ha CTBapHUM MOTpebama CIiopTHCTE.

JIMTEPATYPA

1. Armstrong, L. E., Maresh, C. M. (1996). Vitamin
and mineral supplementation as nutritional aids
to exercise performance and health. Nutritional
reviews, 54(4), 149-158.
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Hajuemhe je cymiemenTaryja Kox Aete 1 azno-
JiecrieHara CriopTHUCTa OTpaBIaHa y IepruouMa Kaaa
ce paJd Ha PeAyKIHjU WIN OApKamky HHCKE Tele-
CHE Mace, MTO je mpaheHO HEJOBOJFHUM CHEPIeT-
CKHM YHOCOM (CITOPTOBH KaTeropucaHu mpema TM,
€CTETCKH CIIOPTOBH | 1p.). Ty ¢y m cuTyanmje kama
ITOCTOj€ U3PA3HUTO BEIHMKE CHEPreTCcKe moTpede, yue-
CTaJ TPEHWH3U U KPAaTKO BPEME OTIOpaBKa.

Pusnnum cyrmiemMeHTalyje ofHoce ce Ha MPeKo-
MEpHH YHOC (KOMITeTHIIHja u3Mel)y HyTprueHara), Kao
Y TPUCYCTBO MITETHUX W JOMHHT CYTICTaHIN Y HY-
TputuBHUM Aoxanuma (Calfe et al., 2006; Armstrong
etal., 1996).

3AK/bYYAK

3a/I0BOJbCHE HYTPUTHBHHX TOoTpeda jere
jelaH je oIl OCHOBHHMX IIpPEAyCiioBa OCTBapUBarmba
TeHETCKe TPENUCIIO3UIIMje 32 PacT M Pa3BoOj TOKOM
anonecuennyje. Eneprerrka mummuhae KoHTpakumje,
(bHU3HOIIOIIKE M AHATOMCKE KapaKTePUCTHKE OPTraHu3-
Ma Jielie ¥ OATOBOP Ha TeXakK (H3MYKH pai, UMajy
CBOje OCOOCHOCTH, KOj€ jOIIl YBEK HHUCY JIOBOJHHO
npoydeHe. OCHOBHE TIPENOpyKe 3a YHOC MaKpOHY-
TpUCHATa, KO MIIAIUX CIOPTHCTA, HE PA3JUKyjy Ce
3HAYajHO O]l OHUX KOje MocToje 3a oxpacie. [TloceOHo
Ce UCTHYE 3HA4aj 3aJ[0BOJbCH-A MOTPeda 3a MpPOTEH-
HUMa, TBOKDEM M KalljyMOM y TIEpHOLY aaoiiec-
LICHTHOT 3amMaxa pacta. HaokHaia Te4HOCTH 1 eJIeK-
TPOJINTA TOKOM JyTOTPajHUX aKTHBHOCTH, cripednhe
HAacTaHaK KOMIUIMKAIMja TOIUIOTHOT cTpeca. Temku
CTIOPTCKHU TPEHUH3H KOjH 3all0UHIbY Y MPEyOepTeTy,
Kao ¥ OHU KOju 3axTeBajy oxpeheHy TenecHy macy/
KOMIIO3UIU]Y HOCE PU3HK Ol EHEPreTCKO/HY TPUTHB-
HUX AedunuTa u uHxuOuImje pacra. Mcxpana mia-
JIMX CIOpTHCTA Tpeba a Oyle OCMHIILbEHA Ha OCHO-
BY pe3yJsiTara pacta M MOJHOT pa3Boja MIIQJuX CIOp-
THUCTA, Y3 UCTOBPEMEHY IIPOLICHY 3aXTe€Ba TPCHUHTA.

2. Aucoturier, J., Baker, J. S., Duche, P. (2008).
Fat and carbohydrate metabolism during sub-
maximal exercise in children. Sports Med, 38(3),
213-238.
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NUTRITIONAL NEEDS OF YOUNG ATHLETES
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Abstract

Youth participation in sports shows upward tendency. There is a strong interaction between nutrition, growth / development and success
achievement in sport. Some physical aspects of the physiology of children aged 7-12 years, are not sufficiently clear. Needs assessment of
children for macro/micronutrients hinders physiological variability of growth during puberty. However, we can point out the general needs
of this population: 1) rehydratation in order to maintain optimal function of the cardiovascular system, based on the principles that apply
to adults, 2) meeting the needs for energy and macronutrients. Daily energy needs, aged 9-13 are 1400-3000 kcal, depending on gender,
stages of puberty and physical requirements. The recommended protein intake is 1,5-2,2 g / kg of BM. The intake of carbohydrates should
be above 50% of daily energy needs. Intake of essential fatty acids should be in accordance with the recommendations. 3) Optimal input of
micronutrients provide satisfaction of energy needs and implementation of balanced diet. The most common mineral deficits, with young
athletes are related to iron and calcium. Supplementation with vitamin-mineral beneficiary substances showed no effects on growth and
physical achievement

Key words: CHILDREN / ADOLESCENTS / SPORT / GROWTH / NUTRITION

INTRODUCTION

Participation of children and adolescents in or- The number of researches with a sample of

ganized sports shows an upward trend in many coun-
tries. In Europe, participation of young people aged
6-16 years in sport ranges from 53-98%, depending
on the country. In our country 55% of students aged
13.6 years, is included in some kind of sporting activ-
ity (Milanovic et al., 2008).

Proper nutrition is certainly one of the main
components of growth and maturation, as well as of
success in sport. More frequent injuries and illness of
athletes can often be related to energy and nutritional
deficits, among other things.

PHYSICAL CULTURE, BELGRADE, 63 (2009) 2

children and adolescent involved in organized sports
activities is very often limited. Researches of this
population group must satisfy the ethical require-
ments and exclude aggressive methods.

Energy of muscle contractions in
children

The factors determining the carbohydrates and
fats utilization in the energy metabolism of adult ath-
letes are well known. The main differences, observed
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when comparing the young and the adults during
long-term physical work, are the following:

1. a lower content of glycogen in the muscles of
children, which leads to earlier consumption
of this polysaccharides and

2. a potentially greater fats utilization in young
athletes

The values of glycogen in the muscles are 50-
60% lower in children than in adults. These quan-
tities are increased during maturation, so that, in
older boys they are of similar values as in sedentary
men (Boisseau et al., 2000). On the other hand, the
production of glycogen in liver and its utilization
in the CNS varies depending on age. The increased
brain requirements for glucose (4 mg / kg / min) in
childhood, are accompanied by the production of
more glycogen in liver (6 mg/kg/min). This is one
of interpretations of faster glycogen consumption,
that was noticed in children (Boisseau et al., 2000).
Children aged 7-10 and 12-15, regardless of whether
they train, have lower ability of ATP rephosphoriza-
tion in anaerobic metabolism during high intensity
exercises compared to the adults. It is believed that
children reduced glycholitic capacity results from the
reduced activity of the enzyme lactate dehydroge-
nase and phosphofructokinase. A different pattern of
recruitment of certain types of muscle fibers during
contraction of muscles in children is another explana-
tion of this phenomenon (Boisseau et al., 2000). The
difference between children and adults in the activi-
ties of glycolysis enzymes in the muscles disappears
during adolescence, so it is already very small at the
age of 13-15. On the other hand, children present
greater ability for piruvate oxidation, which would
indicate the greater participation of aerobic provid-
ing of energy from carbohydrates (carbs) (Boisseau
et al., 2000).

Larger fat utilization (increased lipolysis and
oxidation of free fatty acids) can compensate for re-
duced glycholitic capacity and thus ensure that the
stable glucose levels are preserved in plasma during
exercising (Boisseau et al., 2000).

There are no differences in the values of ATP
and creatine phosphate (KF) in muscles of children
and adults. Therefore, children do not have reduced
capacity for exercises whose duration does not ex-
ceed 10-15 seconds. Thus, sports, represented by
short sequences of running, swimming, diving, kick-
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ing or beating, are easily accepted by children. Due
to the aforesaid, preadolescents, have difficulties to
maintain a high intensity training, which lasts over 15
seconds up to 1-2 minutes.

Recovery of children and adolescents occurs
faster than in adults, because of lower concentrations
of lactate and hydrogen ions in the blood after high-
intensity interval training (Boisseau et al., 2000). The
fact that the maximum level of lactate in blood is
directly related to the increased volume of testicles
in boys during puberty and testosterone in saliva, is
significant.

It is generally agreed that children and adoles-
cents are well adapted for long-term physical exer-
cise (Boisseau et al., 2000; Aucoturier et al., 2008).

Meeting of energy requirements

The increased energy needs during puber-
ty and adolescence, are caused by the accelerated
growth and development. Sports training, depending
on the characteristics (intensity, duration, frequency,
type of exercise, etc.) additionally increase the ener-
gy requirements. On the other hand, great individual
variability of adolescent growth, makes it difficult
to determine the energy needs of a young person.
Energy requirements for children between 9 and 13
range between 1415 kcal/day for sedentary girls up to
3038 kcal/day for very active 13-year old boys. The
needs are greater for adolescents aged 14-18 years.
They range from 1718 kcal/day for sedentary girls
up to 3804 kcal/day for very active boys (Petric et
al., 2004).

There were a few researches which, particular-
ly with young female athletes, especially in aesthetic
sports (sports and rhythmic gymnastics, figure skat-
ing, etc.), resulted in unsatisfactory energy intake
over a long period of time. Negative energy balance
in these circumstances was accompanied by delayed
puberty, lag in growth, reduced values of bone den-
sity, increased risk of injury, slow recovery, later ap-
pearance of menarche, menstrual irregularities, and
other signs of nutritional deficiency. In young female
athletes in post-puberty, a long-term energy exhaus-
tion can be followed by oligomenohrrea, lack of ovu-
lation, the secondary amenorrhea and reduced length
of lutheal phase of the cycle. As a rule, in such cases,
extremely low values of body fat and a psychophysi-
cal stress are reported (Fialaireet al., 2002, Benjamin,
2007; Loucks, 2007).
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In martial arts (boxing, karate, wrestling, etc.)
the categorization is made pursuant to body weight,
when athletes need to rapidly reduce body weight.
Therefore, very often rigorous hypo-energy diets are
applied, accompanied by strong training. In those pe-
riods, apart from the energy deficiencies, various de-
ficiencies of essential nutrients can be identified (es-
sential amino acids, calcium, iron, zinc, antioxidant
vitamins, etc.). The results of the research of young
wrestlers, who, during the competing period, rapidly
reduce their BM, show that insufficient energy intake,
followed by a small protein intake (0.9 g kg!' day™),
which all together reduces muscle mass and is di-
rectly related to the reduction of strength and muscle
power (Horswell, 1990). The above diet deviations
in the course of competitive season, are accompanied
by alterations in the function of the hypothalamus-
pituitary-testicle axis and growth hormone - insulin-
like growth factor 1 (Roemich et al., 1997).

,Catch up” of growth is often reported as a
physiological response to energy exhaustion in both
stated groups of sports. Then, in periods without com-
petitions, the quality of food is improved, and young
athletes’ bodies compensate the suffered deficit. In
most cases, the compensation of the lost is recorded
and as well as reaching or even exceeding of the fore-
casted BM (Horswell, 1990; Roemich et al., 1997).

Carbohydrates

Carbohydrate (CHO) is primary energy sub-
strate for physical work during most sporting activi-
ties. The increase of work intensity is directly linked
to greater exploitation of glucose and glycogen. Gly-
cogen content in muscles is the main limiting factor

of the work length in endurance sports. The recom-
mended intake of carbohydrates (DRI - Daily Rec-
ommended Intake) of 100 g per day for the young,
aged 9-18 refers to the necessary amount of glucose
for normal brain function (Petrie et al., 2004). The
resynthesis of muscle glycogen after training, means
an increased intake of carbohydrates. The highest
values of carbohydrate intake are recorded in endur-
ance sports 352+127 g/day in girls (aged 17.4 £ 1.4),
followed by wrestlers 367 £ 123 g/day in pre-com-
petition season, in American football 366 + 170 g/
day and in football players, 526 + 62 g/day (Petrie et
al., 2004).

It is still not clear whether the high carbohy-
drate diet is beneficial for young athletes, especially
in sports that last longer than 1-1,5 hours. However, it
is recommended that carbohydrate intake, be greater
than 50% of the total energy intake. Cereals, vegeta-
bles and fruits as the main carriers of carbohydrates,
but of vitamins, minerals and dietary fibers, would
certainly contribute to providing sufficient energy for
work, restoring of muscle glycogen and protection of
protein pool in the body.

Fats

Recommendations for fat intake in young ath-
letes are similar to those in adults and amount to 25-
30% of the total energy intake. Great importance of
essential fatty acids caused the existence of precise
recommendations (Al-adequate intake) for intake of
this type of fatty acids (Table 1) Intake of saturated
fatty acids should not exceed 10% of the total energy
intake(Petrie et al., 2004; Aucoturier et al., 2008).

Table 1. Adequate intake of essential fatty acids, by sex and age.

Gender Age (years) Linol acid. (g) Linoleic acid. (g)
F 9-13 10 1
F 14-18 11 1,1
M 9-13 12 1,2
M 14-18 16 1,6

Reduction diets administered in athletes who
work to achieve certain BM or body composition,
must be based on maintaining a minimum body fat.
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So for girls, the fat component should not be less than
14% and 7% for boys (Petrie et al., 2004; Aucoturier
et al., 2008).
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Proteins

The importance of optimal protein intake in
athletes during puberty and adolescence is multiple.
In addition to general support to growth, amino acid
intake is important for the development of muscle
mass and overall body fatless components. General
rule, by which amino acids shall be used in the best
way in the body, satisfaction of energy requirements,

in this case, is of primary importance (Horswill,
1990, Roemich et al., 1997).

It is considered that the recommendations for
protein intake related to adult athletes, in the amounts
of 12-15% of daily energy intake, can be applied in
children and adolescents (Petrie et al., 2004).

Table 2. Protein (g kg'day™) in children and adolescents, calculated as 12-15% of daily energy intake.

Proteins 12-15%
Gender, Age BM (kg) Energy needs (kcal/day) (¢ ke'day”)
Girl, 9 years 29 1390 1,44-1,78
Adolescent, 18 years 67,2 3804 1,7-2,12

The validity is accepted that the increased
energy demands caused by physical training, shall
require increased energy intake, and the preserved
balance of macronutrients, will mean a proportional
increase of protein intake. The data from literature
show that in various sports, young athletes’ needs for
optimal protein intake are satisfied. The greatest pro-
tein intake is recorded with hockey players 2.2 + 0.5
g kg''day! (12.5 £ 0.5 yr.), while the lowest amount
to 0.96 £ 0.6 g kg' day'in wrestlers (16.0 £ 1.9 yr.),
in the season when the BM reduction of 3.5% was
implemented. In determining the need for proteins
in children, many physiologists and nutritionists rec-
ommend that the intake be 1,2-1,6 kg'day"' for en-
durance sports, and 1,2-1,7 g kg-1 day-1 for power
sports (Petrie et al, 2004).

Issues that certainly remain open refer to
sports and phases in the training process when there
are extremely high energy demands, caused by train-
ing and / or when the restriction of energy intake is
to be implemented, in order to reduce body fat or to
achieve competitive TM. Surely we should examine
the situations when difficult sports trainings match
with a adolescent growth spurt. Then, it is recom-
mended that protein intake should be at least 1.5 g
kg'day!
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Thermoregulation and fluid intake in
children and adolescents during sports
training

There are several important factors that affect
the regulation of body temperature during physical
work: age, anthropometric features, maximal oxygen
consumption (VO, max) and the degree of acclima-
tization.

The degree of perspiration in pre-puberty boys
during exercise, is significantly lower (almost %)
compared to young adult men (Bar-Or, 1989, Inbar et
al., 2004; Rowland, 2008). The ratio of body surface
and BM is higher compared to the adults, metabolic
response is greater compared to BM - the economics
of exercise is lower; the cardiac output is reduced, at
a given metabolic level and acclimatization to high-
er temperatures is slower (Bar-Or, 1989; Rowland,
2008). The concentration of electrolytes in the sweat
of children is lower (Inbar et al., 2004). Based on
these observations the pre-puberty children body is
traditionally considered as ,,less effective in thermo-
regulation” compared to the adults, with an increased
risk of illness caused by overheating. Today, the
characteristics of physiological responses and results
of exercise, in conditions of high temperature are not
clear enough in young people, but the most recent
findings indicate that there are significant differen-
ces between the adults and the children. The level of
dehydration and the risk of diseases caused as a re-
sult of heat stress do not differ between children and
adults (Inbar et al., 2004; Rowland, 2008).
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Table 3. The level of perspiration in children and adolescents in some sports (RV-relative humidity) (Petrie et

al., 2004))
Degree of
. Type of Gender (no. | perspiration | Environment
Subjects exercises Age (years) Of subjects) | (averagexSD) conditions
(ml/h)
Triathlon competitors* | Lab duathlon 12,5-14,8 Males (7) 640+370 unknown
Triathlon competitors* | Lab duathlon 12,5-14,8 Fem (8) 510£226 unknown
Triathlon competitors* | Lab duathlon 15,0-17,1 Males (9) 1260+170 unknown
Triathlon competitors* | Lab duathlon 15,0-17,1 Fem (8) 710+£379 unknown
Team and individual Lab running, 25,5°C;
+ +
sports o bike 13,0£1 Males (9) 937+£342 PB:27.3%
Team and individual Lab running, 26,5°C;
+ +
sportsa bike 17,0+1 Fem (6) S67+165 PB:27,3%
Tennis, wrestling, Ergometer 33.0 °C-
boxing, track and field | bike, in tropic 11-14 Males (12) 566=110 o oo
. " PB:58,5%
and swimming conditions
Tennis (case study ) Tenni rt 17 Males (1) 2500 31,6°C;
enni udy ennis cou PB62%

* Significant dependence of the perspiration degree on age

o Degree of perspiration was significantly lower in the young compared to the adults in the same training conditions and

outer environment.

Based on the fundamental volume of excreted
urine of 22 g kg-1 * day-1 and the expected volume
determined by the energy consumption in kilocalo-
ries, the required fluid intake in young athletes should
be determined. Table 3, displays the summary data by
the degree of perspiration in young athletes in some
sports groups (Petrie et al., 2004).

Fluid intake

Adequate fluid intake during and after sports
training is of primary importance for participants’
health and for achievement of sports success. Dehy-
dration disrupts the normal function of the cardiovas-
cular system and thermoregulation, which especially
in long-term exercising at high temperatures can lead
to serious disorders in the body. Fluid loss of 1-2% of
BM reduces endurance, causing changes in the CNS.
Studies in vitro indicate that dehydration accelerates
glycogen and protein disintegration within the cell,
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which occurs as a result of changed osmolarity. On
the contrary, the increase of water content initiates
protein synthesis. Greater degree of dehydration in
the body was accompanied by serious changes in cell
function.

The greatest degree of fluid loss is recorded
during physical work, which continuously lasts over
1-1,5 hour. In these circumstances, an adequate fluid
intake should be provided prior to, during and after
the training/competitions. It is essential that young
athletes adopt a plan of fluid intake, which will by
its quantity, composition and time of taking maxi-
mally reduce the possibility of a significant degree
of dehydration. Colored beverages that contain
adequate amounts of carbohydrates and sodium
chloride (30-80 g/l carbohydrates; NaCl 400-1100
mg/l) are best accepted and can provide compen-
sation for what was lost, and thereby prevent ther-
mal stress. Although the concentration of sodium
in children sweat is slightly lower than in adults,
great loss of several liters of fluid, by evaporation,
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can be accompanied by a significant sodium deficit.
Compensation in the period of recovery should in-
clude sodium chloride, potassium and magnesium in-
take, which inter alia, should prevent the occurrence
of muscle cramps.

Athletes who need to maintain body mass in
certain limits as the ones who are categorized ac-
cording to body weight (martial arts) often resort to
voluntary dehydration, caused by various ways. This
practice is risky and results from the ignorance about
the procedures for effective and safe reduction of
body weight.

Minerals and vitamines

Durable physical work, present in endurance
sports, carries a risk of insufficient intake of mine-
rals, which is largely lost by perspiration.

The most common deficits of other minerals
in young athletes are related to iron and calcium.

Iron

In the period of puberty, the need for iron in-
creases. The rapid growth of the whole body, muscu-
lar mass, increased synthesis of hemoglobin and the
appearance of menstruation, are the main factors in-
fluencing the increased need for iron intake. Content
of iron in the body depends on the intake, absorption
and losses from the body. The prevalence of hypo-
sideremian anemia in athletes corresponds to that of
non-athletes (Ehn et al., 1980; Lous et al, 1993). Re-
gular endurance training, especially long-term run-
ning may predispose to greater iron loss Djordjevic-
Nikic, 1995). It is believed that such trainings cause
greater degree hemoglobinuria and mioglobinuria,
due to increased erythrocytes destruction (hemolysis)
and muscle fibers (miolysis) (Peeling et al., 2007).
Losses incurred through perspiration and gastrointes-
tinal tract should be added. In some studies with adult
athletes a deficit of serum iron in 40% of female and
17% male runners was established, which could not
be considered as anemia, but is linked to the decrease
in performances (aerobic capacity) relevant for these
sports. The incidence of these changes in iron in-
creases as the sports season progresses. Therefore,
these athletes are classified in the group ,,at risk” and
they are recommended to increase their iron intake.
Recent studies have shown that female athletes with
decreased blood content of feritin (<35mg/l), intra-
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muscular application of iron did not lead to improve-
ment of physical parameters important for long last-
ing work (submax. and VO2 max, heart frequency
or blood lactate). However, it is considered that such
intake shall prevent the occurrence of anemia (Peel-
ing et al., 2007). Adequate intake of hem-iron-rich
food as well as a good combination of nutrients that
should optimize iron absorption (protein, ascorbic
acid) will in most cases provide a satisfactory intake
of this important mineral. The best predictor of iron
status in the body is the proportion of total protein
in the diet. On the other hand, carbohydrate and fat
intake is negatively correlated with plasma feritine.

Heavier menstrual bleeding in young female
athletes involved in activities that require a low ener-
gy intake up to 2000 kcal/day may present a problem.

In majority of other sports, the increased ener-
gy intake provides a satisfactory iron intake.

Hematological parameters and physical per-
formance are factors which determine circumstances
for taking the pharmaceutical iron preparations.

Calcium

Physical exercise has no direct influence on
the content of calcium in the body. However, it is
important to recall that the satisfactory intake and
utilization of calcium till the age of 25, guarantees
bone health at later age. Female athletes in aesthetic
sports (gymnastics, figure skating, ballet, etc.) are of-
ten recognized as a group at risk for the occurrence
and development of osteopenia and stress fractures.
Insufficient calcium content in bones is often accom-
panied by malnutrition and estrogen deficiency. Fe-
male athletes, which began with extensive training
in pre-puberty period and continue with them during
puberty, often with insufficient energy intake, are a
risk group for development of osteopenia and other
undesirable phenomena. Prolonged energy intake
deficit is conditioned by large energy consumption
during sports training, followed by a low values of
body fat. The result of these body changes is a de-
layed start and slowed progression of puberty (Ca-
pust et al., 2000; Fialaire et al., 2002; Loucks et al.,
2007). It is believed that increased calcium intake
(up to 1500 mg daily), with the satisfaction of energy
needs shall enable prevention or repair such a situa-
tion in female athletes’ body.
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Nutritional supplementation

Use of nutritional supplements of vitamins/
minerals, is getting more frequent among young ath-
letes, especially adolescents. In the United States the
frequency of use of this kind of supplements is about
46% (Petrie et al, 2004). Despite the growing interest
in supplements, the research so far have not proven
that supplements consumers have any benefits from
supplement use (Petrie et al., 2004, Calf et al., 2006,
Armstrong et al., 1996). Favorable effects on overall
growth and sporting success in healthy normal weight
young athletes were not determined. Female athletes
usually opt for supplements, which in their opinion,
should ensure recovery, strengthening of the immune
system and health care. Athletes motives for taking
nutritional supplements primarily refer to achieve-
ment improvement (Nutrition ergogens) (Calf et al.,
2006). In both genders a high prevalence of use of
vitamin/mineral substances is present. Nutritional
supplementation is often irrational and ungrounded
by real needs of athletes.

The most common supplementation in chil-
dren and adolescent athletes is justified in periods
when it comes to the reduction or maintaining low
body weight, accompanied by insufficient energy
intake (sports ranked according to BM, aesthetic
sports, etc.). There are also situations which require
extremely large energy needs, frequent training ses-
sions and short recovery time.
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