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CaxeTak

Y cBeTy ce TOKOM nocrneawe AeLeHunje 6enexu 3HayajaH nopacT UHTepe-
coBakba 3a NpoTenHcke AodaTke UCXpaHu kako Mefy npodecroHanHMm
CropTVUCTMMa 1 pekpeaTuBLMMa, Tako n mefy onwTtom nonynaumjom. Cee
Beha AOCTYNHOCT U Pa3HOMMKOCT NPOTENHCKNX AodaTaka Ha TPXULLTY 3a-
XTeBa KOHTPOSy KBanuTeTa M MpoBepy CarfacHOCTU ca AeknapvcaHum
HYTPUTUBHMM CacTaBOM. Ta4HOCT HaBOAa O Cajpxajy MpoTeuHa y Ko-
MepuMjanHUM cynneMeHTMMa NpeacTaBiba BaxaH acnekT o3HavaBakba
npousBofa M 3awTuTe noTpowaya. Y oBom pagy, ypaheHa je aHanusa
OppehuBarse cagpxaja npoterHa Kjenganosom metofom (eHmn. Kjeldah!
method) y npoTemHckMM Jodaumma ucxpanu, Aa bu ce ytBpauno aa nm
nobujeHe BpegHOCTM ofgroBapajy AeknapucaHum BpegHOCTMMa npote-
uHa. YpaheHa je ananm3a 30 pasnuumMTux y3opaka NpoTEeMHCKUX Aoda-
Taka MCXpaHW MPUKYNIbeHUX Ha TPXUWTY rpaja beorpapa. Pesyntatn
OBOr MCMUTVBaKa Cy Nokasanu Aa BehuHa aHanuavpaHux y3opaka uMa
cafpxaj npoTenHa y cknagy ca AekrnapucaHum BpegHoCTMMa, anu n ga
y nojeanHuM cny4vajeBMMa Moxe aohu Oo oactynawa usmehy geknapu-
caHor n cTBapHor cactaea npoussopa. [pyMeHom BanugoBaHUX aHa-
nMTUYKNX MeToaa moryhe je noy3gaHo OTKPUTU TakBa OACTYynawa, WTo
je oa Krby4HOr 3Hayaja 3a KOHTPOMy KBanuTeTa M 3alTUTY noTpoLuadya.
Mcnutuearba oBor Tuna gonpuHoce 6orbemM pasymeBakby cynrnemeHarta
1 NpeacTaBrbajy Hay4yHy OCHOBY 3a yHanpehere v 3alTuTy jasHor 3apa-
BIba W Nogv3are cTaHAapAa KeanvTerta y obnactv gogataka UcXpaHu.

Krby4yHe peuu: NpOTEMHCKM OOOALUM UCXPaHWu, MPOTEUHN,
eHepruja, Kjenganosa metoga

YBop

Y cBeTy ce TOKOM nocrnegwe AeueHunje benexun 3HavajaH
nopacT MHTepecoBaka 3a NPOTEUHCKE AOoAaTKe MCXpaHu
Kako mefhy npodecnoHanHMm cnopTucTMMa U pekpeaTums-
umMMa, Tako u mehy onwTom nonynauumjom [1-4]. lNMpoTte-
WHCKM Jodaum ucxpaHu cy npexpambeHn nponssoan Koju
npunaaajy rpynn gogartaka UcxpaHu (aujetetckux cymnne-
MeHaTa) U NpeacTaBrbajy KOHLEHTPOBaHe M3BOpe MpoTe-
WHa UM aMMHOKUCENMHA ()KUBOTUHCKOT, BUIbHOr nopekna
UIN HMXOBE KOMOMHaUWje) HaMeheHNX OOMyHU yobuuya-
jeHe ucxpaHe, anu HUCY HaMeH-eHU Kao 3aMeHa 3a KOM-
nneTHe obpoke [5, 6]. KonnumHa npotenHa y npoTeMHCKUM
[oJauuma UCXpaHu YCINoBIbeHa je KOMOUHaLUMjoM TEXHO-
NOLKNX, HYTPULIMOHWUCTUYKMX, PErYNATOPHUX N TPXKMLLHNX
dakTopa, a cBpxa nNpou3Boga M UurbHa nonynauuja go-

Abstract

Over the last decade, there has been a considerable global increase in
interest in protein dietary supplements, both among professional athletes,
recreational athletes, and in the general population. Increasing availa-
bility and diversity of protein supplements in the market necessitates
quality control and compliance verification with the declared nutritional
composition. The accuracy of the declared protein content in commercial
supplements is an important aspect of product labeling and consumer
protection. In this paper, an analysis was conducted determining protein
content in protein dietary supplements using the Kjeldahl method, to de-
termine whether the obtained values match the declared protein values.
An analysis was performed of 30 different samples of protein dietary sup-
plements collected from the market in the city of Belgrade. The results of
this test showed that most of the analyzed samples had protein content
consistent with the declared values, but also that there may be cases of a
discrepancy between the declared and actual composition of the product.
The application of validated analytical methods enables reliable detection
of such inconsistencies, which is crucial for quality control and consumer
protection. Studies of this type contribute to a better understanding of
supplements and provide a scientific base for improving and safeguard-
ing public health and raising quality standards in the field of dietary sup-
plements.

Key words: protein dietary supplements, protein, energy,
the Kjeldahl method

Introduction

Over the last decade, there has been an increased global
interest in protein dietary supplements both in professional
athletes and recreational athletes, and in the general pop-
ulation [1-4]. Protein dietary supplements are nutritional
products that fall under the food supplement group (dietary
supplements) and are concentrated sources of protein or
amino-acids (of animal origin, plant origin, or a combina-
tion thereof) made to supplement the usual diet, but are
not indended to substitute whole meals [5, 6]. The amount
of protein in protein dietary supplements is conditioned
by a combination of technological, nutritional, regulatory
and market factors, and the purpose of the product and
target population further shape the amount of protein per
meal. Thus, products intended for athletes typically contain
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OaTHO obnMKyjy KonMyYnHy npoTemHa no obpoky. Tako, Npo-
N3BOOM HaMeHeHU cropTucTuma obmyHo cagpxe 20-30
rpama npoTenHa no nopumju, 4ok cy popmynauuje 3a cta-
puje ocobe unum ocobe y onopaBKy YrrnaBHOM Yy pacnoHy
on 10 po 15 rpama. Ko npoussoga Koju ce KopucTte Kao
3ameHa 3a oOpok, cagpxaj nporeuHa Hajuyewhe GuBa y
pacnoHy uameny 15 n 25 rpama, y3 gogartak yribeHUX Xu-
apata u macTtu, pagu obesbehnBarsa NoTNyHe HYTPUTHBHE
BPeOHOCTU. Mlako He MoCTOju 3aKOHCKM NponucaH Makcu-
MyYM 3a Cagpxaj npoTevHa y gogaumma MUCXpaHu, npou-
3Bofhaym obu4HO crege npenopydeHn gHeBHN yHoc (RDA/
DRI), koju nsHocu npnbnuxHo 0,8 rpama/kunorpamy Tene-
CHe Mace 3a onwTy nonynauujy, ogHocHo 1,2—-2,0 rpama/
Kunorpamy 3a ou3nykM akTnBHe ocobe [7]. Y cknagy ca
TUM, NOjegMHaYHM NPOTEMHCKU A04AUM UCXPaHU OBOMYHO
06e36ehyjy namehy 20 n 30% npenopyyeHor 4HEBHOT YHO-
ca npoTerHa no jegHoj nopumju.

Houmxos HYTPUTUBHU CaCTaB, aMUHOKUCESTMHCKN I'IpOCbI/IJ'I n
Gp3nHa ancoprnuuje Bapupajy y 3aBMCHOCTU of ropekrna
npoTenHa n TexHorolke obpaae, Tako Aa Guonoluka pa-
CMOMOXMBOCT Y BEMNWUKOj MEpPU 3aBUCK Of;

e KBanuTeTa u guctpmbyumje eceHumjanHNX aMMHOKK-
cenuvHa, Koja je reHeparnHo Beha Kop XMBOTUHCKUX
nssopa — unju DIAAS (eHrn. Digestible Indispensable
Amino Acid Score) Hajuyewhe npenasn 100 — Hero
Kog GurbHMX M3Bopa, Koju YeCTo UMajy Hxe pesyn-
Tate [8];

e pa3nuKe y CBapSbMBOCTM W ancopnuuju, rae Xueo-
TUHCKM MPOTEUHM MOKa3yjy Behy MCKOPUCTMBOCT, a
OMIbHM M3BOPU, KOjU YECTO CaapKe aHTUHYTPUjeHTe
(Hnp. dpuTaTe, AvjeTHa BnNakHa), Mory ymawuTu gure-
CTujy 1 B1MopacnonoXxmnBocT ammHokmcenuna [9, 10].

Ca acnekta peknapucara, lNpaBunHuk o Aeknapucary
xpaHe y Penybnuum Cpbwju (,Cn. macHuk PC”, 6p. 19/2017
n 16/2022) 3axTeBa jacHO HaBoOheHe KONNYMHE NpoTerHa
y rpamuma Ha Adeknapauujyu npovssoga, kao u nsberasa-
e obmawyjyhnx TBpatu. Ha npumep, o3Haka ,BUCOK ca-
ApXaj npoTenHa” MoXxe ce KOPUCTUTM CaMO YKOMNWKO Haj-
Mare 20% eHepreTcke BPeAHOCTM Npou3Boga notuye m3
npoTenHa, WTo je ycknaheHo ca cTaHaapavMMa npeyseTum
n3 3akoHogascTBa Espornicke yHuje [11]. Ycnen cee Behe
Pa3HONMKOCTU OBUX Npou3soda, a paau borber pasyme-
Batba HMXOBUX HYTPUTMBHMX CBOjCTaBa, (PyHKUMOHanHe
npuMeHe 1 nakiie ynopeagHe aHanuse, jasroa ce norpeba
3a HMXOBOM CTaHAapan3oBaHoM knacudukaumjom [12]. Y
AarbeM TekcTy 6uhe getarbHuje onvcaHe OCHOBHE BpCTe
NPOTEMHCKNX CynnemMeHaTa 1 U3Bopu nNpoTenHa y cactaBy
NPOTEMHCKNX AodaTaka UCXpaHu.

20-30 grams of protein per portion, while formulations for
the elderly or those in recovery are generally in the 10-15-
gram range. In products used as a substitute for a meal,
the protein content is usually in the range between 15 and
25 grams, with the addition of carbohydrates and fats, for
ensuring a complete nutritional value. Although there is no
legally-prescribed maximum content of protein in dietary
supplements, producers usually follow the recommended
daily intake (RDA/DRI), which is around 0.8 grams/kilo-
gram of the body mass index for the general population,
or 1.2-2.0 grams/kilogram for physically active people [7].
Accordingly, individual protein dietary supplements usually
provide between 20 and 30% recommended daily protein
intake per portion.

Their nutritional composition, amino-acid profile, and ab-
sorption rate vary depending on the origin of the protein
and its technological processing, therefore the bioavaila-
bility greatly depends on:

e The quality and distribution of essential amino ac-
ids, which is generally greater in animal sources —
whose DIAAS (Digestible Indispensable Amino Acid
Score) is usually over 100 — than in plant sources,
which often have lower scores [8];

o Differences in digestibility and absorption, where
animal proteins display greater utilization, and
plant sources, that often contain antinutrients (e.g.
phytates, diet fibers), may reduce digestion and bio-
availability of amino acids [9, 10].

From the aspect of declaration, the Regulation on Decla-
ration of Food in the Republic of Serbia (“Official Gazette
of the RoS”, no. 19/2017 and 16/2022) prescribes that
the amount of protein be clearly indicated in grams on the
product label, as well as that misleading claims be avoided.
For example, “high protein content” may be used only if at
least 20% energy value of the product comes from protein,
which is in line with the standards taken from the legislation
of the European Union [11]. Due to the increasing diversity
of these products, and for a better understanding of their
nutritional properties, functional application and for easier
comparative analysis, a need arises for their standardized
classification [12]. Thus, we will describe in more detail the
main types of protein supplements and sources of protein
contained in protein dietary supplements.

Types of protein dietary supplements
According to the nutritional composition and functional

role, protein dietary supplements can be classified into
three main categories:
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BpcTe NpoTeMHCKUX foaaTtaka ucxpaHu

MNpema HYTPUTMBHOM cacTaBy M (BYHKLMOHAMNHO] yrnosu,
MPOTEMHCKN [OA4AUM UCXPaHU MOFy ce CBpcTatu y Tpu
OCHOBHE KaTeropuje:

a) NpoTenHCKM Nnpon3BoAM Kao 3aMeHa 3a 06poK (eHrn.
Meal replacements)

OgBa kaTeropuja obyxBaTta Npon3BoaE KOju CIyXKe Kao KOM-
nneTHa 3amMeHa 3a jegaH unuv Buwe obpoka TOKOM AdaHa.
Kapaktepuwy wx usbanaHcupaHe KONMWYMHE NPOTEUHa,
YyITbeHUX XuapaTta, MacTu, OMjeTEeTCKUX BnakaHa, Kao u
eceHumjanHnx BUTaMnHa M MuHepana. HyTpuTuBHM npo-
dun oBuMx NpovsBoaa je NpeunsHo AeduHuUcaH, LWTO KX
YMHW MOrOAHMM 3a NPUMEHY Yy NporpamMnmMa KOHTpore Te-
rnecHe TexwuHe, kog ocoba ca ybp3aHUM XMBOTHUM TEM-
NMoM, Kao M y KIUHWUYKOj UcxpaHu. Hajuewhn obnuum cy
rOTOBM HanUuW MMy NPaLIKOBKU KOjU Ce MeLuajy ca BOAOM
UnuM Mnekom, ca eHepreTckom speaHowhy namehy 200 un
400 kcal no nopumjn un cagpxajem npotenHa og 15 go 25
rpama no cepsupamy [13, 14].

6) NMpoTenHCKN Nnpon3BoAUN ca BUCOKUM YAENOM yribe-
Hux xugpara (eHrn. Weight-gain supplements)

OBwu nponssoau, no3HaTn n kao weight gaineri, dopmynum-
caHu cy 3a ocobe koje xxene nosehawe TenecHe n mmwmnh-
He mace. Cagpxe 3HayajHe KONMMYUHE YIIbeHUX Xxugparta,
yecTo y ogHocy 2:1 unu 3:1 y 0gHOCY Ha NpoTeuHe, JOK
YKYMHW Kanopujcku yHOC MO Nopumju MoXe npernasutu
1000 kcal. YrmaBHom ce kopucTte y cpasama bulking-a kof
crnopTucTa, Kog ocoba ca ybp3aHM MeTabonmnamom (ekTo-
MOpdMU), Kao K 3a OrnopaBak HAKOH MHTEH3MBHE (hn3nyKe
akTmMBHOCTM [15, 16].

B) BucokonpoTreMHCkM npousBoaM ca HUCKUM caap-
Xajem MacTu M yribeHux xupparta (eHrn. Lean protein
supplements)

OBa kaTeropuja obyxBaTa npenapare ca BUCOKUM MpPOLEH-
TOM npoTenHa (285%), AOK Cy YribeHu xvapatv U MacTu
NPUCYTHU Y MWHUMANHUM KonMuuMHama. TakaB HyTpu-
TMBHM Npodun pesynTaTt je NpMMeHe HanpegHUX TEeXHO-
norvja npeunwhaBawa, Kao LWTO Cy MUKpodunTpauwmja,
ynTpadunTpaunja n eHsrMcka Xxvaponusa, kojuma ce u3
CMpOBMHE ykrawa BehyHa nakrtose, nunuaa v gpyrmx He-
NPOTEUHCKUX KOMMOHEHTU. Y nopehewy ca NpoTeMHCKUM
KOHLIEHTpaTMma, M3onatu M Xugponusatyu npornase Kpos
fofaTtHe ghase TexHorowke obpage, wTo omoryhasa go-
Oujartbe BUCOKO MpeunwheHe npoTtenHcke dpakuuje ca
MUHUManHUM yaenomMm nparehux HyTpujeHata. TunudHu
npeacTaBHULM cy whey protein isolate, MuuenapHun KasenH

a) Meal replacement

This category includes products used as a complete sub-
stitute for one or more daily meals. They are characterized
by balanced amounts of protein, carbohydrates, fats, die-
tary fibers, as well as essential vitamins and minerals. The
nutritional profile of these products is precisely defined,
making them suitable for use in body weight control pro-
grams, in persons with a fast-paced life tempo, as well as
in clinical diets. The most common forms are ready-made
drinks or powders mixed with water or milk, with the energy
value between 200 and 400 kcal per portion and the pro-
tein content from 15 to 25 g per serving [13, 14].

b) Weight-gain supplements

These products, also known as weight-gainers, are for-
mulated for persons who want to increase body and mus-
cle mass. They contain considerable amount of carbohy-
drates, often in 2:1 or 3:1 ratio compared to proteins, while
the total caloric intake per portion may excede 1000 kcal.
They are mainly used in “bulking” phases in athletes, in
persons with an accelerated metabolism (ectomorphs), as
well as for recovery following intense physical activity [15,
16].

c) Lean protein supplements

This category includes preparations with a high percent-
age of protein (=285%), while carbohydrates and fats are
present in minimal amounts. Such a nutritional profile re-
sults from the application of advanced purification technol-
ogies, such as microfiltration, ultrafiltration and enzymatic
hydrolysis that remove most of the lactose, lipids and other
non-protein components from the raw material. Compared
to protein concentrates, isolates and hydrolysates undergo
additional stages of technological processing, which allows
obtaining a highly purified protein fraction with a minimal
content of accompanying nutrients. The typical repre-
sentatives are whey protein isolate, micellar casein and
hydrolyzed proteins. They are most often included in diet
regimens that require high intake of protein with a strictly
controlled macronutrient composition, including regimens
with reduced total energy intake. Due to the absorption
rate and high biological values, these supplements are
considered efficient in the post-training period [17-19].
Although in practice certain names of products may part-
ly overlap, clear distinction between meal replacements,
calorie gainers and pure high-protein formulas low in fat
and carbohydrates allows for a precise classification and
purposeful user education.
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N XMOponNu3oBaHn NpoTenHn. Hajuewhe ce ykrbydyjy y au-
jeTeTcke pexume Koju 3axTeBajy BUCOKOMPOTEUMHCKM YHOC
y3 CTPOro KOHTPONMCaH MaKpOHYTPUTUMBHU cacTaB, YKIby-
qyjyhn u pexmme ca peaykoBaHWM YKYMHUM €HEepreTckum
yHocoM. 36or Op3vHe ancopnuuje u BUCOKE OBuonoLlke
BPEAHOCTW, OBU CYNMeMEeHTU ce cMmaTpajy eukacHuMm y
nocT-TpeHuHr nepuoay [17-19]. Nako ce y npakcu ogpehe-
HW Ha3MBM NPOM3BOA4a MOTY AENUMMUYHO NpeknanaTtu, jacHo
pa3rpaHuyere nsmehy 3ameHa 3a oOpokK, Kanopmjckux rej-
Hepa 1 YUCTUX BUCOKOMPOTEUMHCKMX (hOpMYyra ca HUCKUM
yAEnoM MacTu 1 yribeHux xuaparta omoryhasa npeumsHujy
KnacudumkaLmjy n CBpCUCXOAHY eayKaLmjy KOpUCHMKA.

Tabena 1. lNpernen HyTPUTUBHUX BPEOHOCTU Hajvewhe
KopuwheHnx MpPOTEUHCKUX AofaTaka UCXpaHu, U3paxeH
Ha 30 rpama npaxa

Table 1. Overview of the nutritional values of the most
commonly used protein dietary supplements, expressed
per 30 grams of powder

Bpcte npo-;iv)l(:c::lunx popartaka Enepruja (kcal)
Type of protein dietary supplement Energy (kcal)
KoHueHTpaT cypyTke
Whey concentrate 120-130
W3onat cypyTtke
Whey isolate 110-120
Xupgponusart cypyTke
Whey hydrolysate 110-120
MMugnapHu Ka3euH 10120
Micellar casein
co HPOT?“H 110-120
Soy protein
MpawkoB npo.Tem-l 105115
Pea protein
np°Te“"" 6eﬂaH!-la 110-120
Egg white protein
FoBehn npo-r.em-l 190130
Beef protein
MpoTeunH 6nexA 120140

Protein blend

Tabena npukasyje NpubNuKHe HYTPUTUBHE BPEOHOCTU
Hajuyewhe KopuWREeHNX NPOTEMHCKUX AoAdaTaka MCXpaHu
(eHepreTCcKy BpeQHOCT, cagpkaj NpoTenHa, MacTu, yribe-
HUX XngpaTta U aMUHOKUCENVHA pa3rpaHaTtor naHua (eHrn.
Branched-chain amino acids, BCAA)), koje mory BapupaTtiu
y 3aBUCHOCTW OA NMOopeKna NpOTEMHCKOr n3Bopa 1 NPoun3Bo-
hava.

M3Bopu npoTenHa y cacTaBy NPOTEMHCKMX AogaTaka
ncxpaHu

Hajuewhe kopuwheHn M3BOpM NpoOTEUHA Yy cacTaBy Npo-
TEUHCKMX JodaTtaka UCXpaHu Cy NpoTenHU CypyTKe (EHrm.
whey), kazenH, GUIbHU NPOTEUHM (Coja, rpaLuak, NMpuHay),
Kao 1 wunxoBe KOMOUHaumje Koje omoryhasajy pasnuumte
npodune ocnobahawa amuHokncenuHa. lMopen wux, y

npo(L e)"H" Mactu (g) YrrbeHu xuppatu (g) BCAA (g)

Protein (g) Fats (g) Carbohydrates (g)
22-24 2,0-3,0 2,0-4,0 ~6,5
26-27 0,5-1,0 <1,0 ~6,8
25-27 0,5-1,0 <1,0 ~7,0
23-25 1,0-2,0 1,5-3,0 ~5,8
23-26 1,0-2,5 0,5-2,0 ~5,0
22-25 1,0-2,0 1,0-2,0 ~5,0
23-25 0,0-1,0 1,0-2,0 ~6,2
25-27 0,5-1,5 <1,0 ~5,5
22-25 2,0-4,0 2,0-5,0 ~6,0

The table shows approximate nutritional values of the
most-often used protein dietary supplements (energy val-
ues, protein volume, fats, carbohydrates and Branched-
chain amino acids - BCAA, which may vary depending on
the protein source, origin and the producer.

Protein sources in the composition of protein dietary
supplements

The most used protein sources in the composition of pro-
tein dietary supplements are whey proteins, casein, plant
proteins (soy, peas, rice), as well as combinations thereof
which allow different amino acids release profiles. In ad-
dition, specific amino acid supplements such as collagen,
creatine, BCAA, glutamine, L-carnitine and L-arginine are
also in use.
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ynoTpebu cy 1 cneumdnyHN aMUHOKUCENMHCKN CYNeMeH-
TW Kao WTO cy KonareH, kpeatuH, BCAA, myTtamuH, L-kap-
HUTWH 1 L-apruHnH.

CypyTka je cnopegHv NpousBog Mrieka, Hactaje y npowu-
3BOAHM CMPa M KaseuHa, rae ce cywerwem gobuja cypyT-
Ka y npaxy Koja mopa fa ucnywasa ogpeheHe 3axtese
3a YKyMHW cagpxaj npotemHa. Cmartpa ce BMCOKOKBanu-
TETHUM MPOTEMHOM jep cagpXu Benuku 6poj eceHuwmjan-
HUX aMMHOKUCENNHA Koje ce Bp3o ancopOyjy y opraHuamy.
Whey cynneMeHTV nmajy BUCOKE HyTPUTUBHE BPEOHOCTU Y
nopehetwy ca gpyruMm NPOTEUHCKMM JodaumMa UcxpaHu, a
Ha TPXKULLTY Cy NPUCYTHU Yy 0BNUKY KOHUEHTpaTa, nsonara
n xmgponusarta. KoHueHTpaTt nma Behy KonumumHy nakrose
W nunuaa, ook mnsonat cagpxum oko 90% npoTtenHa y3 Mu-
HMUManaH cagpxkaj nakrose u nunuaa, norogaH 3a ocobe
WHTONEpaHTHe Ha NakTo3y. Xuaponusat cagpxu n 4o 95%
NnpoTerHa, He cagpXu NakTo3y U nunuae n Hema goaartHe
yribeHe xuapare.

KaseuH je rmaBHu npoTenH roseher mneka n ymHu oko 80%
YKYMNHOI NpoTeuHCcKor cafpaja. M3enaun ce npouecom
ynTpadunTpaumje n KapakTepulle ra HepacTBOPIbMBOCT.
BoraT je MpONMMHOM ¥ FAYTaMUHCKOM KUCENUHOM, Kao W
OPpYrMM aMWHOKMCENMHaMa Kao LITO Cy BaruH, NU3nH, ne-
YUMH W acnaparvHcka kucenuHa. 3axBarbyjyhu cacrtasy
KaseuH ce cnopo pasrpahyje, WTO pesynTyje NocTeneHnv
ocnobahawemM asoTa, CnopujoM AUrecTUjoM Koja MoXe
Tpajatv 1 0o cegam catu.

lMpoussoan OUIBHUX NpPOTEUHa (Coja, rpalwak, NupuHay)
3a NpoTeMHCKe dopaTke ucxpaHu Hajyewhe cy BUCOKO
KOHLIEHTPOBaHW U MOTy KOPUCTUTU Kao OCHOBA Y pasHUM,
OpYruM MpOTEVHCKUM cyrnneMeHTuMa. BurbHu npotenHu
Ce, Kao U XMBOTUHCKU, pasnaxy y OUreCTMBHOM CUCTEMY
Ha MaH-€ KOMMNOHEHTE — aMUHOKUCENWHE — KOje OpraHn3am
KOPWUCTW 3a CUHTE3Y CBOjUX NpoTenHa. MehyTtnm, gurecTu-
ja BUrbHMX NpoTeunHa je YeCTo HeLITO cnopuja u Make NoT-
nyHa y nopehery ca Mne4yHnMM npotenHuma, 36or npucy-
CTBa BrakaHa W aHTMHyTpuWjeHaTa Kao LTo cy duTaty u
NEeKTUHWU, KOju MOTy CMamuTU NPUCTYN eH3NMNMA.

KonareH je Haj3acTynibeHuju NPOTEUH Y JFbyACKOM Teny,
ynHehmn oko 30% ykynHor npoTtemHa. CacToju ce o amu-
HOKMCENMHa Kao LITO CY MMULUMH, XMAPOKCUMPONNH, Npo-
NWH N XUOPOKCUMU3UH, KOje CYy CacTojumn KoXe, KOCTUjy u
Be3MBHOT TknBa. OCHOBHa CMPOBMHA 3a NPOU3BOAHY OBUX
jogaTtaka MCXpaHu Hajuyewhe noTuye U3 >KUBOTUHCKUX
n3Bopa, ykrbyyyjyhu rosefu, cBUHCKM M pubibn KonareH.
Y 3aBWCHOCTK Of Mopekria, pasnukyjy ce rno cacrtasy, YKy-
Cy, cTeneHy 4uctohe M TexHorowkoj o6paan. Hajuewwhm
06nuK Koju ce KOpMCTU Y NPON3BOAMMA je XMAPONN30BaHM
KonareH (konareH nenTuaun), Koju je MoABPrHyT mpouecy

Whey is a by-product of milk, it occurs in the production of
cheese and casein, whereby drying produces whey pow-
der that must meet certain requirements for total protein
volume. It is considered a low-quality protein as it contains
a large number of essential amino acids that are quickly
absorbed in the organism. Whey supplements have high
nutritive values compared to other protein dietary supple-
ments, and they are sold on the market as concentrate,
isolates and hydrolyzates. Concentrate has higher amount
of lactose and lipids, while isolate contains around 90% of
protein with minimal content of lactose and lipids, suitable
for lactose intolerant people. Hydrolyzate can contain a
maximum of 95% of protein, does not contain lactose and
lipids and has no additional carbohydrates.

Casein is the main protein in cow’s milk and makes up
around 80% of the total protein volume. It is extracted
through the process of ultrafiltration and is characterized
by insolubility. It is rich in proline and glutamic acid, as well
as in other amino acids such as valine, lysine, leucine and
aspartic acid. Due to its composition, casein is slowly bro-
ken down, which results in a gradual release of nitrogen, a
slower digestion that can last up to seven hours.

Plant protein products (soy, peas, rice) for protein dietary
supplements are usually highly concentrated and can be
used as the basis in various other protein supplements.
Like animal proteins, plant proteins are also broken down
in the digestive system into smaller components — amino
acids — which the organism uses for the synthesis of its
proteins. However, the digestion of plant proteins is often
slower and less complete compared to proteins from milk,
due to the presence of fibers and antinutrients such as
phytates and lectins, which can reduce access to enzymes.

Collagen is the most abundant protein in the human body,
making up around 30% of total protein content. It is com-
posed of amino acids like glycine, hydroxyproline, proline
and hydroxylysine, which are components of skin, bones
and connective tissue. The basic raw materials for the
production of these dietary supplements most often come
from animal sources, including beef, pork and fish colla-
gen. Depending on the origin, they differ in composition,
flavor, degree of purity and in terms of technological pro-
cessing. The most common form used in products is hy-
drolyzed collagen (collagen peptides), which undergoes
the process of enzymatic breakdown for better solubility
and easier absorption. Through digestion, collagen breaks
down in the body into smaller peptides and free amino ac-
ids. Hydrolyzed collagen peptides, as a form of collagen
supplements, are easily absorbed.
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eH3MMCKe pasrpagre paaum 60orbe pacTBOPSLUBOCTU U NaK-
we ancopnuuje. [urecTvjoM, KonareH ce y Teny pasnaxe
Ha Matbe nentuge v crnobogHe amuHoKMCENWUHe. Xuapo-
NM30BaHN KoMareHckn nenTuam, Kao OBMMK KonareHCKUxX
cynriemMeHarta, nako ce ancopoyjy.

KpeaTnH moHOXMapaT npeAcraBiba Hajuewhn obnuk kpe-
aTvHCKMx cynnemeHarta. OBU4HO ce NpoM3BOaUN Of Xemuj-
CKMX MpeKypcopa Kao WTO CYy uujaHamug U Capko3uH, a
KapakTepuLle ra BUCOK CTeneH ynctohe u ctabunHocTw.
HakoH yHoca, kpeaTuH MoHoxuapaT ce y AUreCTUBHOM
TpakTy npeTBapa y crnobogHu KpeaTuH, Koju ce ancopby-
je y TaHKom upeBy 1 TpaHcnopTyje y muwmnhHe henwvje. Y
Muwmnhmnma, KpeatuH ce npetsapa y docdokpeaTuH, Koju
Cnyxu kao 6p3n pesepBHU 1U3Bop docdarta 3a pecuHTesy
ATl-a ToKkOM KpaTKOTpajHUX, UHTEH3UBHUX (PU3UYKMX aK-
TUBHOCTU. KpeaTuH ce y opraHmamMy npMpogHO CUHTETULLE
N3 apruHuHa, muumuHa n MeTUOHUHA, YINaBHOM Y jeTpu u
Oybpesnma, HaKOH Yera ce cknaguuwti y muwmhmma kao
BaXkaH eHepreTcKun pecypc.

BCAA cynnemeHTn, 0OgQHOCHO aMWHOKMCENWHE pasrpaHa-
TOr naHua, Hajyewhe ce npousBoge y OOnuKy npaLlka,
a OOCTYMHU Cy M Kao Tabnete, Kancyne UM TeYHW KOH-
ueHTpatn. OHM cagpXe TpU eceHumjaniHe aMUHOKUCENN-
He — BalvH, NeyLUMH 1 U30MneyunH — Koje JbyAcKM opraHu-
3aM He MOXe CUMHTEeTMCaTK, Na je HeonxonaH HUXOB YHOC
Kpo3 ucxpaHy unu cynnemente. CynnemeHTtauunja BCAA
ce npumemnyje pagn o6esbehyBarma agekBaTHOr yHoca
OBUX eCeHLMjanHnX aMMHOKUCENuHa y ycriosuma noseha-
HUX NoTpeba, Kao LWTO CYy UHTEH3MBHN OU3NYKN TPEHNH3MN
U1 OUjETETCKN PEXUMW Ca CMarEHMM YHOCOM Kanopwja.
Y opranusmy, BCAA ynase y cactaB MMWnhHUX NpoTenHa
N nmajy NpUMapHy CTPYKTYPHY YNory y MULIMAHOM TKMBY,
JonpuHocehu ogpxaBaky 1 00HOBM MULLMhHE Mace.

[MyTamMuyH je HeeceHUWjanHa aMMHOKUCENUHA Koja ce CUH-
TeTuwe y opraHnsmy, a Takofe ce yHocu n ucxpaHom. 3a
KoMepumjanHy ynotpeoy, rmyTaMmuH ce yrnaBHOM Npou3Bo-
AN MHOYCTpUjCKOM bepMeHTauujoM MUKpoopraHusama,
kao wro je Corynebacterium glutamicum, yime ce o6es-
Gehyje BMCOK cTeneH Ynctohe n KOH3NCTEHTHOCT cacTaBsa.
Y cynnemeHTMMa je Hajuyelwhe npucyTaH Kao L-rnytamuH,
06nuK Koju ce cmatpa BMopacnonoxvenM, a npaiukactu
obnuum ce oanukyjy Aobpom pacteoprbmeoLwwhy y Bogu u
ApYrMM Hanuumma.

MpotenH GenaHua jaja (eHrn. egg white protein) nobwja
ce u3 OenaHua jajeta, obuU4HO NyTem nacrepusauuje u
crnpej-cyliera HakoH yKnawaka Boge, MacTu U YribeHNX
xvgpata. OBaj o6nuk npoTenHa cnaga y KaTeropujy Kom-
NNeTHMX NPoTenHa, jep cagpXu cBe eceHumjanHe ammnHo-
KncenunHe. Y komepuwmjanHe cBpxe Hajuyewhe ce Kopuctu

Creatine monohydrate is the most common form of creatine
supplements. It is usually produced from chemical precur-
sors such as cyanamide and sarcosine, and is character-
ized by a high level of purity and stability. After ingestion,
in the digestive tract, creatine monohydrate is converted
into free creatine, which is absorbed in the small intestine
and transported into muscle cells. In muscles, creatine is
converted to phosphocreatine, which serves as a quick
reserve source of phosphate for ATP resynthesis during
short-term, intense physical activities. Creatine is natural-
ly synthesized in the organism from arginine, glycine and
methionine, mainly in the liver and kidneys, after which it
is stored in the muscles as an important energy resource.

BCAA supplements, i.e., branched-chain amino acids,
are usually produced as powder, and are also available
as tablets, capsules or liquid concentrates. They contain
three essential amino acids — valine, leucine and isoleu-
cine — which the human organism cannot synthesize, so
it is necessary to take them through food or supplements.
BCAA supplementation is used to ensure adequate intake
of these essential amino acids in conditions of increased
need, such as intense physical training or diet regimens
with reduced calorie intake. In the organism, BCAA supple-
ments enter the composition of muscle proteins and have a
primary structural role in muscle tissue, contributing to the
maintenance and restoration of muscle mass.

Glutamine is a non-essential amino acid synthesized in the
organism, and also ingested through diet. For commercial
use, glutamine is usually produced through industrial fer-
mentation of microorganisms, such as Corynebacterium
glutamicum, which ensures a high level of purity and con-
sistency of the composition. In supplements, it is usually
found as L-glutamine, a form that is considered bioavaila-
ble, and powder forms are characterized by good solubility
in water and other beverages.

Egg white protein is obtained from egg whites, usually by
pasteurization and spray-drying after removal of water, fats
and carbohydrates. This form of protein falls in the cate-
gory of complete protein, as it contains all essential amino
acids. Commercially, it is most often used as powder. The
typical amount of protein in dry egg white powder is over
80-85%, depending on the degree of processing. Due to
the minimal fat content in the egg white, egg white protein
is a suitable source of hight-quality protein for the athlete
popullation. Compared to whey proteins, it is absorbed
slower, which may affect the speed of availability of amino
acids after consumption.

L-carnitine is a natural substance which is produced in
the organism from the amino acids lysine and methionine,
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y obnuky npaxa. TunuyHa KONUYMHA NPOTEUHa Yy CyBOM
npaxy 6enaHua nsHocu npeko 80—-85%, y 3aBUCHOCTM o
cteneHa npepage. 360r MUHMManNHoOr cagpxaja mMactu y
OenaHuy, npotenH GenaHua jaja npegcTaBrba nNorogaH
N3BOP BUCOKOKBAaNMTETHWX MPOTEMHA 3a CMOPTCKY Mony-
nauujy. Y nopehewy ca npotenmHuma cypyTtke, ancopbyje
ce crnopuje, WTO MOXe yTuuatM Ha Gp3nHy AOCTYMHOCTH
aMMWHOKNCENMHA HAKOH KOH3YyMMpakb-a.

JI-kapHUTUH (L-KapHWUTUH) je npupodHa cyrncTaHua koja y
OpraHvM3my HacTaje M3 aMMHOKMCENVHa fnM3nHa U MeTuo-
HWHa, y3 ydewhe Buwwe kodakTopa, yKibyvyjyhn ButamuH
Ll, BuTamuH B6, HMauuH u reoxne. J1-kapHUTWUH Ma ynory
y TPaHCNOPTY MacHWX KUCenuHa y MUTOXOHApWje, rae ce
Kopucte kao eHepruja buTHa 3a ckenetHe muwunhe. bes
AOBOMbHE KOMUYMHe JI-KapHWTWHA MacHe KUCENUHE He
Mory yhu y MutoxoHApwje, WTO JoBoau o crnabwujer ca-
ropeBarwa mactu. Kog ocoba koje TpeHupajy, cynnemex-
Tauuvja Jl-kapHUTMHa cmambyje owTeherwe muwmha HakoH
TpeHuHra, omoryhaBsa GpXu onopaBak M cmaryje ymop.
Y komepuujanHe cBpxe, J1-kapHUTUH ce NpPoM3BOAU MHAY-
CTPUjCKOM CUHTE30M MnM BGUOTEXHOMOLKMM npouecumMa,
ynme ce 06e3behyje BMCOK cTeneH Ynctohe cyncraHue.

Tabena 2. AMWHOKMCENMHCKU Npodun Hajyewhe Kopu-
WheHnX NPOTENHCKUX foAaTaka ucxpaHu, nspaxeH Ha 100
rpama npoTenHa

AmuHokucenuHa (g) Zss;ir:
Amino acid (g) Vi e
Leucine (BCAA) 10,6
Isoleucine (BCAA) 6,4
Valine (BCAA) 5,9
Lysine 9,6
Methionine + Cystine 2,4
Phenylalanine 3,2
Threonine 6,8
Tryptophan 1,5
Histidine 1,7
Arginine 2,6
YkynHu BCAA
Total BCAA 22.9

Tabena 2 npukasyje aMMHOKUCENUHCKM Npodunn Hajuewwhe
KOpUWREHNX MPOTEUHCKUX AOAaTaka MCXpaHu, U3pakeH

with the participation of several factors, including vitamin
C, vitamin B6, niacin and iron. L-carnitine has a role in
the transport of fatty acids into mitochondria, where they
are used as energy important for skeletal muscles. With-
out sufficient L-carnitine, fatty acids cannot enter the mi-
tochondria, which leads to poorer fat burning. In persons
who exercise, L-carnitine supplementation reduces mus-
cle damage after training, enables faster recovery and
reduces fatigue. Commercially, L-carnitine is produced by
industrial synthesis or biotechnological processes, which
ensures high level of purity of the substance.

Table 2. Amino-acid profile of the most commonly used
protein dietary supplements, expressed per 100 grams of
protein

KaseuH Cojux Mpawkos nP_O'I_'eVIH
Casein npoTenH nporenH jaja
Soy protein  Pea protein  Egg protein

8,0 8,0 7.9 8.6
4,9 438 46 53
6,5 5,0 5,3 6.6
7,4 6,4 6,0 7.0
2,7 1,4 1,0 42
4,6 5,1 46 51
3,8 3,9 4.1 47
1,3 1,2 1,0 15
2,7 2,5 2.1 23
8.8 7,0 7.8 4.0
19,4 17,8 17,8 20,5

Table 2 shows the amino acid profile of the most common-
ly used protein dietary supplements, expressed per 100 g
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no 100 g npoTtenHa. Y Tabenu cy HaBegeHe OCHOBHE eCeH-
uvjanHe n HeeceHuMjanHe aMUHOKMUCENVHe, ca NocebHM
Harrnackom Ha aMMHoKMcenuHe pasrpaHaTor naHua (BCAA:
neyuvH, nsoneyuvH v BanuH). lNpukasanun cagpkaj aMmmHo-
KMcenvHa npeactasriba NpubnmkHe BPEQHOCTH, Koje Mory
BapupaTtu y 3aBUCHOCTM Of Nopekra NpoTeNHCKOr n3Bopa
N TeXHomMorunje Npom3BoaHE KOHKPETHOr Npon3Boaa.

Cse Beha JOCTYNHOCT M pa3HOMMKOCT MPOTENHCKMUX Aoaa-
Taka Ha TPXULLTY 3axTeBa KOHTPOMy KBanuTeTa 1 npoBepy
carnacHOCTU ca AeKnapucaHum HyTPUTMBHUM CacTaBOM.
Y TOM KoHTekcTy, KjenganoBsa metoga ce u aaroe cmatpa
pedepeHTHOM METOAOM 3a KBAHTUTATUBHY aHanusy ykyn-
Hor as3oTa, oMoryhasajyhu npeumsHo ogpehuBare yKynHor
NPOTEMHCKOr caapxaja y gojaumMma ucxpaHu u gujetert-
ckuMm npoussoamma. Linre oBor paga 6uo je ga ce ogpeaun
CTBapHMW cagpxaj NpoTerHa y y3opuuma npoTEeMHCKMX 4O-
Aartaka ucxpaHu, UCTU yrnopeau ca AeknapucaHum Bpen-
HOCTMMa M YyTBpAM Aa N eBeHTyanHa oacTynaka npenase
perynaTtopHo 403BOSbeHe rpaHuLe.

Martepumjan n metoae
Y3opuu

AHanusnpaHo je 30 y3opaka NpOTEMHCKUX dofaTaka uc-
XpaHu ca TpxuwTa rpaga beorpaga. OpgabpaHu y3opum
noTnyy 13 nonynauuvje AnjeTeTcknx cynrnemeHara ca jacHo
AeKknapucaHum NPOTEMHCKMM CaapXajeM 1 NpenopyyeHom
OHEeBHOM [030M. Y okBupy ogabpaHe nonynauuje, y3op-
UM cy nsabpaHu Ha HaCyMuYaH HayvH y3 NpoueHy yaena
npoTenHa y YKynHoj eHepreTckoj BpegHoctu (>20%), kako
6u ce 06e3beanna peneBaHTHOCT 3@ aHanu3y U eNnMMUHK-
canuv Npomn3BOAM Ca HCKMM yaenom npotenHa. N3bop y3o-
paka je ussplueH 6e3 063vpa Ha npoussohaya unu bpeHga,
Yynme je MMHMMM3oBaHa Moryha npucTpacHoCT.

Mpunpema y3opaka

Mpe aHanuse, cBu y3opum cy oBpO XOMOreHn3oBaHu, a
MOTOM Pa3fOXeHN Y KOHLIEHTPOBAHO] CYMMOPHO] KUCENUHN
y3 gogarak katanusartopa ceneHa. HakoH pasaparsa, pac-
TBOpW cy pa3bnaxeHu, ankanudosaHu pactsopom NaOH un
NOABPrHyTU AecTurauunju y npucyctey GopHe KUCENuHE m
nHavkatopa. [JobuvjeHn gectunatvm cy UCTUTpUpaHK CTaH-
OapoHUM pacTBOPOM CYMMOPHE KUCenuHe OO nojaBe Ka-
pakTepucTmyHe npomeHe 6oje. Kao koHTpona, napanernHo
je cnpoBeneHa u cnena npoba. MapanenHo ca y3opuuma,
obpahuBaH je n pedepeHTHN MaTepujan pagum KOHTpone
TAYHOCTU Mepeksa.

of protein. The table lists the main essential and non-es-
sential amino acids, with special emphasis on branched-
chain amino acids (BCAA: leucine, isoleucine and valine).
The presented amino-acid content shows an approximate
value, which may vary depending on the origin of the pro-
tein source and the production technology of the specific
product.

The increasing availability and diversity of protein supple-
ments in the market requires quality control and compli-
ance check with the declared nutritional composition. In
this context, the Kjeldahl method is still considered the ref-
erential method for quantitative analysis of total nitrogen,
allowing for precise determination of total protein volume
in dietary supplements and dietary products. The aim of
this paper was to determine the actual protein volume in
the samples of protein dietary supplements, to compare it
with the declared values and determine whether possible
deviations exceed the limits permitted by the regulation.

Materials and methods
Samples

We analyzed 30 samples of protein dietary supplements
from the market in the City of Belgrade. The selected sam-
ples come from the population of dietary supplements with
clearly declared protein content and recommended daily
dose. Within the selected population, samples were cho-
sen randomly with an estimate of the proportion of protein
in the total energy value (>20%), to ensure relevance for
analysis and eliminate products with low protein volume.
Samples were selected regardless of their producer or
brand, thus minimizing possible bias.

Preparation of samples

Prior to analysis, all samples were properly homogenized,
and then broken down in concentrated sulfuric acid with
the addition of selenium catalyst. After breaking down, the
solutions were diluted, alkalized with NaOH solution and
subjected to distillation in the presence of boric acid and
an indicator. The obtained distillates were titrated with a
standard sulfuric acid solution until a characteristic change
of color occurred. As a control, a blind test was conducted
in parallel as well. Parallel with the samples, the reference
material was also processed in order to control the accu-
racy of measuring.

Procedure for determining protein content

The protein volume in the samples was determined using
the Kjeldahl method, according to the protocol “Determi-
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MocTtynak oapefijuBawa caapxaja nporemHa

OpnpehuBarwe cagpxkaja npoTenHa y ysopuuma usspLue-
Ho je KjempanoBom meTtogom, npema npotokony ,Oape-
huBamwe GenaHyeBMHa U3 ykynHor a3ota — BOM-766 (Bo-
nymetpuja)’. MeTtoq ce 3acHMBa Ha pasapary OpraHcke
maTtepuje KoHueHTpoBaHoM H,SO, y npucycTsy cenena,
4YMMe ce caB a30T NpeTBapa y aMoHujyM-cyndar. Ankanu-
3aumjom pacteopa gogasaweMm NaOH ocnobaha ce amo-
HUWjak, Koju ce gecTunauujom npeHocu y pacteop 6opHe
KMCENMHe ca MHAMKaTOPOM, HaKoH Yera ce Tutpuwe H,SO,
0o npomeHe 6oje. Ha ocHOBY yKynHoOr a3oTa, cagpaj npo-
TenHa ce uspadyHaBa NpuUMeHoM oarosapajyher koHBep-
31oHor pakTopa. TayHoCT MeToae je noTBpheHa yyewhem
y mehynabopatopujckom TecTupawy nposajaoepa DRRR,
FAPAS, LGS. Pesyntatn aHanuse 6unu cy y oncery (-2 <
z < 2), WTO yKasyje Ha Noy34aHoCT U BanugHOCT NpUMeHe
MeToge y OBOj aHanuau.

O6papa nogaraka

Csu nogaum cy obpaheHn npumeHoM MeToga AeCKPUNTUB-
He cTaTucTUuke. Pe3ynTaTtu cy npeacTaBibeHn TabenapHo v
OMWCHO aHanMaupaHu. Y oKBUpPY ONMUCHE CTAaTUCTUKE M3pa-
YyHaTW cy penaTuBHU GpojeBu, Kao U MUHUMYM, MaKCUMYM
1 orncer Bapupara, a nopefeHn napameTpu cy: aHanmTny-
Kn ogpeheH caapxaj yKynHor a3oTa, aHanuTuyku ogpene-
HW cagpaj NpoTenHa, AeknapucaHe BpeaHoOCTU cagpxkaja
npoTenHa, matemMaTnykn ogpefeH AHEBHU YHOC NPOTENHA
nobunjeHnx aHanM3om, BPeLHOCTUN Npenopy4yeHor JHEBHOT
yHOCa NpoTerHa npey3eTe ca Aeknapauuije.

Capprkaj NnpoTenHa y y3opLuMMma m3padyyHaT je MHOXeHeM
aHanuTu4kM ogpeheHor cagpkaja asota ca cTaHgapgHUM
KOHBEP3NOHUM hakTopoMm 6,25, Koju oaroBapa NpocevyHoM
yaeny asota y npotenHuma (16%).

[eknapucaHe BpeaHOCTU NPOTENHA U EHEPETCKE BPEAHO-
CTV NponsBoaa npeyseTe Cy U3 HyTPUTUBHUX AeknapaLluja
nponseoga, koje npencraBrbajy obaBesy uctuuawa npe-
Ma [lpaBunHWKy O geknapvcamy, O3HavyaBaky U pekna-
mMupary xpaHe (,Cn. rmacHuk PC”, 6p. 19/2017, 16/2018,
17/2020, 118/2020, 17/2022, 23/2022, 30/2022 v 61/2024
- Ap. NpaBuiHKK). 3a Npuka3 Bpe4HOCTN oacTynawa cagp-
Xaja npoTeunHa kopuwheH je Bogny EBporncke areHuumje 3a
BesbegHocT xpaHe (EFSA) [20].

Pesyntatu

Y Tabenu 3 NnpyKasaHu cy pesynTtaTu cagpkaja npotemHa y
UCNUTUBaAHUM y30pLMMa NPOTENHCKUX JoAaTaka UCXpaHM,
n3payyHaTu Ha OCHOBY cagpxaja aszoTa ogpeheHor Kjen-
[anoBomM METOA0M.

nation of proteins from total nitrogen — VDM-766 (volum-
etry)”. This method is based on the destruction of organic
matter with concentrated H,SO, in the presence of sele-
nium, which converts all the nitrogen into ammonium-sul-
fate. Alkalization of the solution by adding NaOH releases
ammonia, which, through distillation, is transferred into a
boric acid solution with an indicator, after which H,SO, is
titrated until the color changes. Based on total nitrogen, the
protein volume is calculated by applying the appropriate
conversion factor. The accuracy of the method has been
confirmed by participating in the interlaboratory testing of
the providers DRRR, FAPAS, LGS. The results of the anal-
ysis were in the range (-2 < z < 2), which indicates the
reliability and validity of the applied method in this analysis.

Data processing

All data were processed by applying the descriptive sta-
tistics methods. The results are presented in tables and
descriptively analyzed. Within the descriptive analysis
framework, relative numbers were calculated, as well as
the minimum, maximum and variation range, and the com-
pared parameters were: analytically determined total nitro-
gen content, analytically determined total protein content,
the declared protein content values, mathematically deter-
mined daily protein intake obtained by analysis, values of
the recommended daily protein intake taken from the dec-
laration.

The protein content in the samples was calculated by mul-
tiplying the analytically determined nitrogen content by the
standard conversion factor 6.25, which corresponds the
average nitrogen content in proteins (16%).

The declared protein values and energy values of the prod-
ucts were taken from the nutritional declaration of the prod-
ucts, the display of which is provided for in the Regulation
on the Delcaration, Labeling and Advertising of Food (“Of-
ficial Gazette of the RoS”, no. 19/2017, 16/2018, 17/2020,
118/2020, 17/2022, 23/2022, 30/2022, and 61/2024 — oth-
er regulation). For displaying the protein content deviation
values, we used the European Food Safety Authority’s
guide (EFSA) [20].

Results
Table 3 shows the results of protein content in the tested

samples of protein dietary supplements, calculated bassed
on the nitrogen volume determined by the Kjeldahl method.
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Tabena 3. AHanuTnykn yTBpheHe n geknapucaHe BpegHo-
CTWU cagpkaja NpOTeMHa Y UCMIUTUBAHUM y30pLyMa npoTe-
WHCKMX Jofataka ucxpaHu, nspaxeHux y g/100 g

Cappxaj npotenHa

Table 3. Analytically determined and declared protein con-
tent values in the tested samples of protein dietary supple-
ments, expressed in g/100 g

. NeknapucaHa o lNMpenopy4eHn AHEBHU
v yTBpheHor KjeganoBom BpeaHoCT ncer [HeBHM yHOC YHOC NpOTenHa npeyaet
6poj MeToAOoM nooTenHa AO3BOJLEHOI npoTeMHa u3padvyHart ca peknapaumje
N x 6,25 P OoACTynawa  Ha OCHOBY cagpXaja
y3opka g/100 g 9/100 g /100 nportexHa g/100 g/100g
Ordinal ; Declared value 9 9 o , Recommended daily in-
Protein content deter- ; Permitted de-  Daily intake of protein )
number of . ] of protein = take of protein taken from
mined by Kjeldahl method viation range calculated based on .
sample g/100 g ) the declaration
N x 6,25 g/100 g protein content g/100 g /100
/100 g griovg
1 36,83 38,4 30,7-46,1 39,0 40,7
2 34,70 33,5 26,8-40,2 36,8 35,51
3 36,33 36,5 29,2-43,8 38,5 38,7
4 77,8 75,4 67,4-83,4 23,3 22,6
5 73,79 72,9 64,9-80,9 221 21,9
6 77,72 79 71-87 23,3 23,4
7 71,94 79 71-87 21,6 23,7
8 84,49 85 77-93 25,9 25,5
9 74,22 80 72-88 22,3 24
10 71,39 76 68-84 21,4 22,8
11 74,63 76 68-84 22,4 22,8
12 73,10 76 68-84 21,9 22,8
13 73,87 75 67-83 22,2 22,5
14 72,21 75 68-83 21,7 22,5
15 72,48 75 67-83 21,7 22,5
16 71,76 75 67-83 21,5 22,5
17 83,66 80 72-88 251 24
18 68,26 75 67-83 20,5 22,5
19 72,42 75 67-83 21,7 22,5
20 74,61 76 68-84 22,4 22,8
21 73,26 76 68-84 21,9 22,8
22 72,0 76 68-84 21,6 22,8
23 77,8 79 71-87 23,3 23,7
24 83,35 79 71-87 25,0 23,7
25 72,67 79 71-87 21,8 23,7
26 74,5 79 71-87 22,3 23,7
27 51,3 40,6 32,5-48,7 14,4 11,4
28 92,2 93 85-100 9,2 9,3
29 98,6 100 92—-100 5,9 6
30 96,6 96,6 88-100 2,9 3

MACHWK JABHOT 3[1PAB/bA

lMpoueHaT eHepruje Koja NoTu4e of MpoTenHa Y YKYMHOoj
eHepruju npoussoaa Hanasmo ce y oncery of 36,6% fo
99,8%. BehuHa y3opaka (noce6Ho ysopun 4—-26) nmao je
yaeo usmely 70% n 78%, wTo je TMNM4YHO 3a Npoussoae
ca BMCOKMM cagpxajeM npoTevHa. Hekonuko npoussoga
(Hnp. y3opak 1, 2, 3 1 27) nokasarno je 3HaTHO HWXWU yaeo
eHepruje koja NnotTuye of NpoTemHa, LWTO MOXe yKasnaTu
Ha JofaTtak yribeHux xugparta unv mactu y doopMynaumju.
Pasnuke namehy aHanuanpaHmx n geknapvcaHmx BpegHo-
CTU eHepruje Koja notuye 13 nportevHa y BehnHu y3opaka

Percentage of energy coming from protein in the total en-
ergy of the product was in the range from 36,6% to 99,8%.
Most of the samples (especially samples 4-26) had a vol-
ume between 70% and 78%, which is typical for products
with a high protein content. Several products (e.g., sample
1,2, 3 and 27) showed a considerably lower energy volume
coming from protien, which may indicate the addition of
carbohydrates or fat in the formulation. The differences be-
tween the analyzed and declared values of energy coming
from protein, in most samples were relatively small, which
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Ovne cy penaTtMBHO Marne, LWITO ykasyje Ha [obpy yckna-
HeHocT uamehy cTBapHor cacrtaBa npounssoga u nogaraka
HaBefeHUX Ha geknapauuwjama. TakaB Hanas notephyje
penaTvBHY NOY34aHOCT AeKnapucaHnx HyTPMTUBHUX Bpea-
HOCTW, LWITO je o4 3Hayaja 3a MHopMKCare MnoTpoLlada
W TayHy NPOLIEHY AHEBHOr yHOCa MakpoHyTpujeHaTa. Me-
HyTum, y nojeanHum crnyyajeBnuma yodeHa Cy 3HaudajHuja
ofcTynaka Koja Mory ykasmsaTu Ha noTeHuujanHe Henpa-
BUITHOCTU Y AeKnapurcary Unv Ha BapujabunHocT cactaBa
npounseoga. HajuspaxeHuju npumep nNpeacraeiba y3opak
27, KOA KOjer je 3aMepeHn SHEBHU YHOC NMpoTenHa brno cko-
po 3 g Behu y ogHoCy Ha BpeHOCT HaBedeHy Ha Aeknapa-
Lmjn, WTO je n rpadundkm npukasaHo (rpadukoH 1).

MpadumkoH 1. OgHoc n3mehy yTBpheHor n geknapucaHor
OHEeBHOr yHOCa MpOoTeMHa KoA aHanuaupaHux ysopaka
NPOTEMHCKNX AoAaTaka UCXpaHW, N3PaXeH y NpoLeHTMMa

120

100

indicates good agreement between the actual composition
of the product and the data given on the declarations. Such
a finding confirms the relative reliability of the declared nu-
tritive values, which is important for informing consumers
and accurately estimating daily macronutrient intake. How-
ever, in some cases, significant deviations were found that
may indicate potential irregularities in the declaration or to
variability in product composition. The most prominent ex-
ample is sample 27, in which the measured daily protein
intake was almost by 3 g higher than the value stated on
the label, which is presented in the chart (Chart 1).

Chart 1. Ratio between the determined and declared dai-
ly intake of protein in analyzed samples of protein dietary
supplements, given as a percentage

8

o

6

o

4

o

2

o

o

% OpHoc yTBpheHor u aeknapucaHor AHeBHOT yHOcCa npoTenHa
% Ratio between the determined and declared daily intake of protein

Ha rpacukoHy 1 Ha x ocu MpukasaHu cy pegHu OpojeBu
UCNNTMBaAHUX y30paka, a Ha y ocu ogHoc namehy yTephe-
HOTr 1 AeKnapucaHor AHEBHOr YHOCa NPOTENHa, U3PaxKeH Y
npoueHTnMa.

YOeo eHepruje n3 npoTenHa, u3padyHaT Ha OCHOBY nabo-
patopujcku yTBpheHor u geknapucaHor npoTenHcKor ca-
Apxaja, npukasaH je y Tabenu 4. 3a npopauyyH je kopuwhe-
Ha CcTaHOgapgHa eHepreTcka BpegHocT of 4 kcal no rpamy
npoTenHa.

I

12 3 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
PeaHu 6poj y3opka
Sample ordinal number

Chart 1, in the x axis shows the ordinal number of the test-
ed samples, and in the y axis the ratio between the de-
termined and declared daily intake of protein, given as a
percentage.

The share of energy from protein, calculated based on the
laboratory-found and declared protein volume, is shown in
table 4. A standard energy value of 4 kcal per gram of pro-
tein was used for the calculation.

337

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 99  NUMBER 4

DECEMBER 2025



MACHWK JABHOT 3[1PAB/bA

DNaHujena ManTtoBuh, TatjaHa HeperbkoBuh, [lparaHa Josuh

Tabena 4. EHepreTcka BpegHOCT aHanmMsMpaHux ysopaka
Jogartaka ucxpaHu U ygeo eHepruje Koju notuye og npo-
TeuHa

Table 4. Energy value of the analyzed samples of dietary
supplements and the proportion of protein-derived energy

PeaHun YTBpheHa eHepreTcka BpegHoCT %
6poj npouseoaa EHepruja Koja noTuye o4 NpoTenHa - -
e kcall100 g kcall100 g EHepruje yzponu::-arc;ﬂ{':om nortuye
Ordinal Determined energy value of the Energy derived from protein . ; £
number of product kcal/100 g . 00 .
sample keal/100 g energy in the protein-derived product
1 3825 147,3 38,5
2 378,9 138,8 36,6
3 370 145,3 39,3
4 398 311,2 78,2
5 394 295,2 74,9
6 398 310,9 78,1
7 408 287,8 70,5
8 357 337,96 94,7
9 400 296,9 74,2
10 391 285,6 73,0
11 391 298,5 76,3
12 391 2924 74,8
13 388 2955 76,2
14 388 288,8 74,4
15 388 289,9 747
16 388 287,0 74,0
17 388 334,6 86,2
18 388 273,0 70,4
19 388 289,7 747
20 387 2984 77,1
21 387 293,0 75,7
22 387 288 74,4
23 399 311,2 78,0
24 399 3334 83,6
25 399 290,7 72,9
26 399 298 747
27 333 205,2 61,6
28 377 368,8 97,8
29 395,2 3944 99,8
30 350,5 342,9 97,8

Yneo eHepruje 13 npoTenHa y y3opuymMa Hanasmo ce Yy UH-
Tepsany og 36,6% 8o 99,8%, wTo ykasyje Ha pasnuke y
cactaBy aHanusanpaHux npoussoga. HajHuxe BpegHocTn
3abenexeHe cy kop ysopaka 1 (38,5%), 2 (36,6%) n 3
(39,3%), wTo nokasyje ga 3Ha4vajaH deo YKyrnHe eHepruje
y OBMM NMPOW3BOAMMA NOTMYE U3 APYrMX MakpoHyTpujeHa-
Ta, Npe cBera yrrbeHux xugpara u/vnum mactu. Hacynpot
TOMe, Hajsehu npoLeHaT eHepruje u3 nporterHa yTepheH je
kog y3opaka 29 (99,8%), 28 n 30 (no 97,8%), wTo cyrepu-
Le Aa cy OBY Npor3Boan OpMynmcaHu CKOPO UCKIbY4MBO
Kao M3BOP NpOTEeMHa, ca MUHUMarHUM yaenom apyrmx Hy-
TpujeHaTa. BehnHa y3opaka (Hnp. y3opuu 4—26) nokasyje

The proportion of energy from protein in the samples was
in the range from 36.6% to 99.8%, which indicates differ-
ences in the composition of the analyzed products. The
lowest values were noted in samples 1 (38.5%), 2 (36.6%)
and 3 (39.3%), indicating that a significant portion of the
total energy in these products comes from other macronu-
trients, primarily carbohydrates and/or fat. In contrast, the
highest percentage of energy from protein was determined
in samples 29 (99.8%), 28 and 30 (97.8% each), suggest-
ing that these products were formulated almost exclusive-
ly as a protein source, with a minimal proportion of other
nutrients. Most of the samples (e.g., samples 4—26) show
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penaTuBHO yjeoHa4YeH M BUCOK yOeo eHepruje u3 nporten-
Ha, Koju ce yrnaBHoM kpehe y oncery og 70 go 78%, wrto je
y CKnajy ca OveKkuBarbMma 3a OBY KaTeropujy npoussoza.
Y y30pKy 27, KOA KOjer je yaeo eHepruje ns npotemHa mus-
Hocuo 61,6%, 3HaTHO je Hwxa y nopefemwy ca BehuHOM
OCTanux ysopaka 1 MOXe ykasmBaTh Ha nNpucycTBo Behux
KonuymMHa ApYyrux M3Bopa eHepruje unm Ha oacTynamwa y
OOHOCY Ha feknapucaHe BpegHOCTU.

Ha rpacurkoHy 2 Ha y ocu npukasaH je NpoueHTyanHu yaeo
cagpkaja npoTerHa y UCMUTUBAHUM Yy30pLuMa NPOTENH-
CKUX JofaTaka ucxpaHu y ogHOCY Ha Bpe4HOCTM nponuca-
He lMpaBuNHUKOM 0 NpexpambeHnM 1 34paBCTBEHUM U3ja-
BaMa Koje ce HaBoAe Ha geknapaumju xpaHe (,Cn. rmacHuK
PC”, 6p. 51/2018, 103/2018, 110/2023 n 62/2025), pok je
Ha X OCu NpeacTaBibeH peaHn 0poj NCUTUBaAHUX y3opaka.

MpadmkoH 2. NMpukas npoueHTyanHor ydyewha cagpxaja
npoTenHa y UCMUTMBaHMM Y30pLMMa NPOTEMHCKMX OOAA-
Taka UCXpaHW Y OQHOCY Ha BPeOHOCTW MpOMMcaHe Baxe-
hum MpaBunHMKoMm o npexpambeHM 1 34paBCTBEHUM U3-
jaBama

108
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56
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48
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24
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8
4
0
2

1

% Ypeo cagpxaja nporenHa
% Proprotion of protein content

3.4 5 6.7 8 0.

a relatively uniform and high proportion of energy from pro-
teins, mainly ranging from 70 to 78%, which is in line with
the expectations for this product category. In sample 27, in
which the proportion of energy from protein was 61.6%, it
is considerably lower compared to most of the other sam-
ples and may indicated the presence of larger quantities
of other energy sources or to deviations from the declared
values.

Chart 2, in the y axis shows the percentage of protein con-
tent in the tested samples of protein dietary supplements
compared to the values prescribed by the Regulation on
Nutritional and Health Declarations on Food Labels (“Offi-
cial Gazette of the RoS”, no. 51/2018, 103/2018, 110/2023
and 62/2025), while the x axis presents the ordinal number
of the tested samples.

Chart 2. Presentation of percentage of protein content in
the tested samples of protein dietary supplements com-
pared to the values prescribed by the applicable Regula-
tion on Nutritional and Health Declarations

10.11.12.13.14.15.16.17. 18.19. 20. 21. 22. 23. 24. 25. 26. 27. 28. 29. 30.

PenHu 6poj y3opka
Sample ordinal number

MNMpema HaBegeHoMm [MpaBUNHKKY, CBM UCNUTUBAHM Y30pLIM
MOry HOCUTU K3jaBy ,00raTo npotenHuma” wmnm ,BUCOK ca-
ApXaj npotenHa” .

Ouckycuja

Y oBOM papgy, aHanusa cagpxaja npotemHa y 30 pasnu-
4YATUX y30paKka MPOTEMHCKMX JodaTtaka McxpaHu cnpoBe-

According to the aforesaid Regulation, all tested samples
can bear the declaration “rich in protein” or “high protein
content”.

Discussion

In this paper, the analysis of protein content in 30 different
samples of protein dietary supplements was conducted us-
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OeHa je npumeHom Kjenganoee metoge, koja omoryhaea
oppefhuvBame YKYMHOr cagpxaja asota U HeroBo npepa-
YyHaBare y cagpaj npoTenHa, y3 npuMeHy ogrosapajy-
her koHBep3noHor dakTopa. Ta4HOCT HaBoda O cagpxajy
npoTerHa y KoMepLmjarnHum cyniieMeHTuma npeacrasriba
Ba)kaH acrnekT O3Ha4yaBaka Npou3Boga W 3alTute noTpo-
Wwayva. Hawwn pesyntatn nokasyjy Aa je sehnHa ncnmraHux
y3opaka Ouna yHyTap Jo3BOrbeHor oactynawa of +20%
o4 JeKrnapucaHor, LWTo je y carnacHocTu ca pesynratuma
OOCTYMHUX UCTpaxneawa. [21-25]. Buwe ctyguvja ykasa-
1O je Ha nocTojake 3HayajHUX oacTynawa uamehy gekna-
pycaHMx U CTBapHO U3MEepPEHUX BpegHOCTU Y ogpefheHom
Opojy Npon3Boaa Koju ce Hanase Ha TpxxuwTy. Ha npumep,
cTyauja cnpoBegeHa y Konymbuju nokasana je aa cy ncnu-
TaHW CYNneMeHTU cagpXanu 3HaTHO Maky KOMNUYUHY Npo-
TEeMHa y 0OHOCY Ha AeknapucaHe BpeaHocTu [26], Aok je y
Typckoj nsmepeHu cagpxaj nporemMHa Bapupao og 75 o
117% y ogHocy Ha geknapucanum [27]. Takohe, eBponcka
UcTpaxkuBawa nokasana cy ga je y nojeanHum ysopumma
KOnm4yMHa aMMHOKMUCENWHA NpemMalunBana 4o3BOSbEHO Of-
ctynawe oa +20%, kao 1 ga NocToje oacTynawa y cagp-
Xajy npotenHa n MvHepana y whey cynnemeHTuma y oa-
HoOCy Ha geknapucaHe [28-29]. Y cknagy ca TUM, U Haluu
pesynTatn o yTBpheHOM cagpajy npoTenHa ykasanu cy
Ha 3HadajHa oacTynaka Kopg NnojeauHuX ysopaka, nocebHo
Kog y3opka 27. Ca cTaHOoBMWWITa NoTpollaya, oacTynana
y KOjuMa je namepeHu cagpxaj npotenHa 3HaTHO Behu og
JeknapucaHor nogjeAHako cy 3HayajHa Kao 1 cny4yajesu y
KojuMa je cTBapHU caZpxaj Maru o HaBedeHor, jep Takee
pa3nvike npeacTaBrbajy npobnem y cmmucny ycknaheHocTu
ca perynaTopHuM 3axTeBuma 1 noysgaHocTi nHdopmaum-
ja HaBefeHMX Ha geknapaumjn. Hecnarawa, ykrbyuyjyhn
mMoryhe norpeluHe o3Hake Ha aeknapaumjy, Mory JoBecTu
00 HenpasunHe ynotpebe npou3soda of CTpaHe Kpajeux
KOPUCHUKA U OOHETU MOTEHUMjaNHe 30paBCTBEHE PU3MKE,
nocebHO y KOHTEKCTY MeOULMHCKE UMK CMopTCKe aujeTe-
Tuke. inak, pesynrtate oBe CTyguje NoTpebHo je Tymauntm
y3umajyhun y 063ump ogpeheHa orpaHnyena. Hajsehe orpa-
HUYerwe npeactaBba manu ysopak o 30 MPOTEUHCKMX
jopgaraka ucxpaHu. Takohe, aHanusa je cnpoBefeHa uc-
Krby4nBO npumeHoMm Kjenganose metofe Koja, nako npeg-
cTaBrba pedepeHTHy MeTogy 3a ogpefhuBare YKymnHoOr
as3oTa M cagpaja NpoTeuHa, He pasnukKyje U3Bope asoTa
N He OTKpMBa eBEHTyarHe aguTUBE KOjU MOry yTuuaTtu Ha
npeLmnsHocT mepemnsa. lNopep Tora, cTyaunja Huje obyxeaTtu-
na npoueHy Apyrmx HYTPUTMBHUX NapameTtapa cynneme-
HaTa, LUTO NpeAcTaBIba OAATHO OrpaHNYeHE Y NOTNYHOM
npoLermBaky KBanuteta npoussoga. YnopegHu nogaum
13 eBpOMCKMX 3eMarba yKkasyjy Ha cruyHe TpeHaoBe, anm
je HeonxodHO cnpoBecTW Jarba, obMMHWja UCTpaxnBama
ca Behum b6pojem y3opaka kako 6u ce fobuna ceeobyxsar-
HWja CrnvKa O KBanuTETy MPOTEUHCKMX CynnemMeHara Ha Tp-
xnwTy. C 063MpoM Ha To Aa ce MPOTEMHCKU CYMIEMEHTH

ing the Kjeldahl method, which allows for the determinan-
tion of total nitrogen and its conversion into protein con-
tent, using the relevant conversion factor. The accuracy of
declarations of protein content in commercial supplements
is an important factor of product labeling and consumer
protection. Our results show that most of the tested sam-
ples was within the permitted deviation of +20% from the
declared values, which is in line with the results of avail-
able studies. [21-25]. A number of studies indicated the
existence of considerable deviations between the declared
and actual measured values in a number of products on
the market. For example, a study conducted in Colombia
showed that the tested supplements contain considerably
lower amount of protein compared to the declared values
[26], while in Turkey, the measured protein content varied
from 75 to 117% compared to the declared value [27]. Fur-
thermore, European studies showed that, in some sam-
ples, the amount of amino acids exceeded the permitted
deviation of +20%, and that there were discrepancies in
in the protein and mineral content of whey supplements
compared to the declared values [28—-29]. Accordingly, our
results on the determined protein content indicated consid-
erable deviations in certain samples, especially in sample
27. From a consumers’ perspective, deviations in which
the measured protein content is considerably higher than
the declared value are equally significant as the cases in
which the actual content is lower than the declared value,
as such differences pose a problem in terms of compliance
with regulatory requirements and the reliability of informa-
tion given on the label. Discrepancies, including possible
mislabeling on the label, may lead to incorrect use of the
product by end users and pose potential health risks, es-
pecially in the context of medical or sports dietetics. Still,
the results of this study need to be interpreted whilst taking
into account certain limitations. The largest limitation is the
small sample size of 30 protein ditary supplements. Also,
the analysis was conducted exclusively using the Kjeldahl
mehod which, although it is a reference method for deter-
mining total nitrogen and protein content, does not distin-
guish nitrogen sources and it does not detect possible ad-
ditives that may affect the accuracy of the measurement. In
addition, the study did not include an assessment of other
nutritional parameters of the supplements, which is an ad-
ditional limitation to fully assess the quality of the product.
Comparative data from European countries indicate similar
trends, but it is necessary to conduct further, more exten-
sive research with more samples to get a more compre-
hensive picture of the quality of protein supplements on
the market. Considering that protein supplements are often
used as a supplement to total daily protein intake, espe-
cially in people with increased nutritional requirements, it
is important to understand their actual contribution in diet.
The recommended daily protein intake in adults is approx-
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DETERMINATION OF PROTEIN CONTENT IN PROTEIN DIETARY SUPPLEMENTS

Danijela Pantovi¢, Tatjana Nedeljkovi¢, Dragana Jovic¢

YeCTO KOPUCTE Kao AOMNyHa yKynHOM AHEBHOM YHOCY Npo-
TenHa, nocebHo koA nojeguHaua ca nosehaHum HYTPUTUB-
HUM 3axTeBMMa, BaXKHO je pa3yMeTun N NXOB CTBapHW A0-
NpUHOC y ucxpanu. MNMpenopyyeHn AHEBHM YHOC NpoTenHa
Kop, ogpacnmx ocoba usHocu npmbnmkHo 0,8 g/kg TenecHe
mMace, oK ce kof hM3NYKM aKTMBHMjUX ocoba, cnopTucTa
n 6ogmbungepa npenopy4dyje yHoc y pacrnoHy og 1,2 go
2,0 g/kg, a y nojeamHum cny4vajeBuma u Buwwe [7]. Nako
ce afjekBaTaH yHOC NpoTenHa Moxe 00e30eanTu npaBu-
HOM MCXpaHoMm, 360r cneumuU4HUX HYTPUTUBHUX MOTpe-
6a, HauMHa >XMBOTa MMM CMOPTCKMX LuSbeBa, NOTpoLlayn
npuberasajy ynotpeby nNpoTeuHCKUX Joparaka MCXpaHw.
PesynTtatu oBe cTyauje npyxajy yBug y TO KONUKO ce npo-
TeunHa 3ancrta obe3befyje nyTem 0BMX NPOM3BOAA U Y KOjOj
Mepu ce n3MepeHe BpPeAHOCTU Moknanajy ca aeknapuca-
HuMm. OBO je of 3Hayaja He camo 3a MpoueHy KBanuTeTa
nojeaMHayYyHnx npoussoaa, Beh v 3a pasymeBare HUXoBe
CTBapHe yrnore y ucxpaHu notpoiuaya. [lok xpaHa obesbe-
hyje wumpok cnekTap HyTpujeHaTa, yKibydyjyhu BuTamuHe,
MUWHepane, AuvjeTHa BrakHa 1 GUONOLLKM aKTUBHA jeaunkbe-
Ha, Aodaun UcxpaHu (OujeTeTckn CynnemeHTn) npeacra-
BIbajy Npou3soge Koju gonywyjy yobudajeHy ncxpay. Kao
LUTO je paHuje HaBeOeHOo, CyNNeMEHTU CY KOHLEHTPOBaHM
N3BOPW XpaHSbMBUX cacTojaka UnuM Apyrnx cacrtojaka ca
XpaHIrbMBUM MU (PU3NONOLLIKUM ePeKToOM, NnojeauHavyHo
unu y kombrHaumju, Koju ce Ha TPXULITY Hanase y gosu-
paHum obnuuuma Kao LITO cy Kancyrne, nactune, Tabnere,
Kecuue npaluka, amnyne Te4HocTn, 6ounue ca kanarbkom
W APYIY CANMYHW OBNUUM HaMereHW y3numawy y Manum,
[o3upaHuM KonudvHama (npemMa BakeheM npaBUrHUKY).
Mnak, cynnemMeHTn He MOry 3aMeHUTU XpaHy Kao KOMMIeK-
CHM U3BOP PasnuynTUX HyTpujeHaTa.

HapounTo je BaxXHO pasymeTu a BUCOK cagpXaj npoTtemHa
y npexpaMbeHOM NPOU3BOAY HE 3HauM HYXHO U Behy Hy-
TPUTMBHY BpeaHocT. bruonolka BpeaHoCT npoTenHa, ogHOC
eceHuMjanHMx aMMHOKUCENWHAa, Kao U MPUCYCTBO ApYrnx
HyTpujeHaTa unu cyncraHum — nonyT wehepa, 3acuheHnx
MacTu unv agutnea — UMajy 3HadajaH yTuuaj Ha KBanuTeT u
HYTPUTMBHY ONpaBAaHOCT HeroBe kKoH3ymauuje. 36or Tora,
npy MPOLIEHN KBanuTeTa MPOTEMHCKUX OoAaTtaka UCXpaHu
noTpebHo je pasmaTpaTi He camo KONMUMHY NpoTenHa, Beh
W HKNXOB cacTaB M (PyHKUMOHarnHy BpeaHocT. majyhm y
BMAYy cBe Behy NMPUCYTHOCT U MOTPOLUHY NMPOTEMHCKUX Cy-
nnemMeHara, kao 1 noTeHumjanHe pasnvke namehy geknapu-
CaHWX N CTBAPHUX HYTPUTUBHUX BPEOHOCTUN, HEOMXOOHE Cy
TeMerbHe aHanmse hNXoBOr cacTaBa paaw NpoLEeHe yCKa-
HeHocTu ca Baxkehum perynatopHuM okBuMpom n 06e3dehu-
Batba Hay4yHO yTeMerbeHUX nogaTtaka peneBaHTHUX 3a Hy-
TPULIMOHWCTUKY U jaBHO34paBCTBEHY Npakcy. HeyjeaHaveHa
UNnN HeTa4yHa geknapucara Mory JOBeCTU 40 NpeKoMepHOr
yHOCa Wnu, y nojeguHuMm crnydajeBuma, 3aHemapuBarba
OpYrux BaXKHUX HYTPUTMBHMX NoTpeba.

imately 0,8 g/kg of body mass, while in more physically
active individuals, athletes and bodybuilders, the recom-
mended intake ranges from 1,2 to 2,0 g/kg, and in some
cases even more [7]. Although adequate protein intake can
be ensured through a proper diet, due to specific nutrition-
al needs, lifestyle or sports-related goals, consumers re-
sort to the use of protein dietary supplements. The results
of this study provide insight into how much protein these
products actually provide and to what extent the measured
values match the declared ones. This is important not only
to assess the quality of individual products, but to under-
stand their real role in the diet of consumers. While food
provides a broad spectrum of nutrients, including vitamins,
minerals, diet fibers and biologically active compounds,
nutritional supplements (dietary supplements) represent
products that supplement the usual diet. As stated above,
supplements are concentrated sources of nutrients or oth-
er ingredients with a nutritional or physiological effect, ei-
ther individually or combined, which are sold on the market
in dosed forms such as capsules, pastilles, tablets, powder
bags, ampoules with liquid, dropper bottles and other sim-
ilar forms intended to be taken in small, dosed amounts
(according to the valid regulation). Still, supplements can-
not replace food as a complex source of various nutrients.

It is particularly important to understand that high content
of protein in a food product does not necessarily imply
higher nutritional value. Biological value of protein, ratio of
essential amino acids, as well as the presence of other
nutrients or substances — like sugar, saturated fats or adi-
tives — have an important impact on the quality and nu-
tritional justification of its consumption. Accordingly, when
estimating the quality of protein dietary supplements it
is necessary to consider not only the amount of protein,
but also its composition and functional value. Bearing in
mind the increasing presence and consumption of protein
supplements, as well as possible differences between the
declared and actual nutritional values, it is necessary to
conduct thorough analyses of their composition to assess
compliance with the valid regulatory framework and pro-
vide scientifically-based data relevant for nutritional and
public-health practice. Uneven or inaccurate declarations
may lead to an excessive intake or, in certain cases, ne-
glect of other important nutritional needs.

Conclusion

Protein dietary supplements are increasingly present in
contemporary nutrition. The results of this study show that
most of the analyzed samples contain proteins in accord-
ance with the declared values, but also that in some cases,
there may be deviations between the declared and actual
protein content. Such deviations can be reliably identified
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[JaHwujena MNaHTtoBwWh, TatjaHa Hegerbkosuh, JparaHa Josuh

3akrby4ak

MpoTenHCKM Aogaum ncxpaHu cBe Cy NPUCYTHUjU y caBpe-
MEHOj nucxpaHu. PesyntaTtn oBor ncnutmeakba nokasyjy ga
BehrHa aHanu3npaHux y3opaka cagpXu npoTenHe y ckna-
4y ca JeknapucaHMm BpegHOCTMMA, anu 1 aa y nojeanHmum

using valid analytical methods, which has an important role
in quality control and consumer protection. Tests of this
type contribute to a better understanding of supplements
and represent the scientific basis for the improvement and
safeguarding of public health and raising quality standards
in the field of dietary supplements.

cnydvajeBMMa Mory nocTtojatu ogctynamwa mamehy gekna-
pucaHor u cTBapHOr cagpxaja npotenHa. TakBa oacTyna-
Ha ce Mory noysfgaHo uaeHTMdukoBaTn NPMMEHOM Banu-
AVpaHnX aHanMTUYKNX MeToAa, LWTO MMa 3Ha4vajHy ynory y
KOHTPOMNM KBanuTeTa 1 3alTuTu notpoluaya. Mcnnutmeama
OBOr TUMa gonpuHoce 60rbeM pasymeBamy CynnemeHara
N NpeacTaBrbajy CTPYYHY OCHOBY 3a yHanpehewe u 3a-
LWITUTY jaBHOTr 34paBrba U Noav3are CTaHgap4a kBanuTeTa
y obnacTtv gogaTtaka UCXpaHMu.
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