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A LONG WAY FROM THE BIFIDOGENIC EFFECT TO ANTIOXIDATIVE AND
PHARMACOLOGIC PROPERTIES OF BREAST MILK AND INFANT FORMULAS

Miroslav M.Vrvi¢'*?, SneZana D. Spasi¢
1Faculty of Chemistry, University of Belgrade, Belgrade, Serbia
2Department of Chemistry, Institute of Chemistry, Technology and Metallurgy, University of
Belgrade, Belgrade, Serbia
’mmvchem @ sezampro.rs

Bifidogenic effect and bifidogenic index

Our examination of infant formulas bifidogenic effect-development stimulation of
bifidogenic bacteria-probiotics in the intestinal tract by the effect of food ingredients which
are bifidogenic factors-prebiotics for these bacteria, (Heine, 1989, Lilly and Stillwell, 1965,
Gibson and Roberfroid, 1995, Schrezenmeir and de Vrese, 2001, Reid, 2008) started twenty
five years ago with an in vitro investigation (Vuceti¢ et al., 1989). The cooperation in these
research were established with “IMPAZ” (Industry of dairy products in Zajecar, Srbia), now
“Impamil” Ltd., Belgrade-Zemun (up to day only producer of infant formulas in Serbia) and
Institute of neonatology, University pediatrics clinic and Center for the welfare of infants,
children and adolescent, all in Belgrade.

Comparative study of mature breast milk, adapted milk-food for babies first 12
months, adapted milk-food for babies first 12 months with 5% (m/m) consume sugar-
saccharose and reference one substrate have shown that tested substances, as bifidogenic
factors (Dubey and Mistry, 1996), do not show more significant differences in respect to the
determined biochemical parameters, which could have physiological effects (Vrvic et al.,
2000). In relation to bifidobacteria biomass as a probiotic, the breast milk is the best substrate
through the baby’s food is quite acceptable, particularly with an addition of saccharose where
biomass is slightly less. In vitro and in clinical study we have shown that inulin and
fructooligosaccharides (FOS), as a prebiotic additive in infant formula, influence on

bifidogenesis in infants in a manner comparable to the effect of mature breast milk (Soki¢ et
al., 2008, Lugonja et al., 2010). We also measured differences in microbiological and
biochemical parameters resulting from the growth of bifidobacteria in different infant
formulas, in comparison to their growth in mature breast milk.

Comparing the value differences for certain microbiological and biochemical
indicators of bifidogenic effect, it is noticed that the differences in microbiological indicators
are more distinct, that’s why we introduced bifidogenic index (BI), as a discriminatory
criterion for estimation of the bifidogenous effects, which represents the ratio of
bifidobacteria dry biomass, obtained in the same series of the experiment at the end of the
test, with infant formula and breast milk multiplied by 100, respectively expressed in
percentages (Martinov et al., 2011). Based on the results obtained during investigation of
six commercial infant formulas, it was concluded that the one specimen is the best one;
the three products, have the same or similar bifidogenic effect and would belong to a
medium category product, while the last two infant formulas would be in the lowest
class. Since all the investigated products have similar declared nutritive and biological
value, it is obvious that, their particular formulation plays a very important role, thus
affecting their influence on growth of bifidobacteria or some contain substances which
inhibit the activity of bifidobacteria. Our results confirmed that the bifidogenic index of
infant formulas is proportional with concentration of lactulose which is one of well-known
prebiotic (Jakovljevic et al., 2008).



In the next study we determined digestibility, anti-radical activity and the effects on
bifidobacterial growth of (1—3),(1—6)-B-D-glucans isolated by alkaline/acid extraction from
Saccharomyces. cerevisiae (baker’s yeast)in relation to the level of glucan purity (Laugier et
al., 2011). Our findings demonstrate that baker’s yeast B-D-glucan is not degraded by human
enzymes, and hence he structure and molecular mass of the glucan are preserved in digestive
system, which is crucial for glucan’s biological activity. In relation to its digestibility and
bifidogenic efficiency, our results show this baker’s yeast -D-glucans should qualify as an
indigestible supplement, suitable for use as a functional prebiotic food ingredient of infant
formula and other products.

Antioxidative and pharmacologic properties of breast milk and infant formulas

As human mature breast milk is an “gold standard” (Newton, 2004, Walker, 2010) for
baby’s nutrition we continue to examine ways to achieve similar quality for infant formulas
based on bovine milk.

Our study in last two years was to compare mature breast milk with standard infant
formulas by examining their antioxidative properties and effects on non—vascular smooth
muscle contraction.

In general, breast milk there are higher antioxidative activity compared with the infant
formulas as shown in Table 1.

Table 1
Activities of antioxidant defense system in breast milk and different infant formula
(adapted from Lugonja et al., 2013a)

Antioxidant components

Total proteins
Sample GSH-Px, [nmol p )

P Total SOD, 1 g1 1umol/L] [NADPH - min - [g/L]

[U/g protein] 1 .
g protein]

1 5.00 £2.3° 35.6+2.4° 972 +2.16% | 12.02+0.31%
2 1.56 £ 0.56° 23.3+3.1° 1.58 £0.25° | 15.57+£0.21°
3 0.96 +0.13° 12.4+12° 410+0.16° | 17.93 £0.35°
4 1.63 +£0.35° 25.1+1.6° 8.03+021* | 19.46+0.15°
5 0.96 +0.23° 35.2+2.6° 432 +0.15° | 21.60 +£0.42°
6 1.01 £0.21° 1552 +1.2° 6.83+0.81* | 19.45+0.35"
7 0.72+0.15° 125+1.3° 3.11 +0.65° 16.51 +0.13°
8 1.32+0.42° 143+1.1° 2.51 +0.42° 1735+ 1.6

1-Mature human breast milk; 2-Mil 1 (Impamil, Serbia)-Infant formula (IF) for 0-6 months-old
infants; 3-Mil 2 (Impamil, Serbia)-IF for 6-12 months-old infants; 4-Mil 3 (Impamil, Serbia)-IF for
infants after 12 months; 5-Mil Pre (Impamil, Serbia)-IF for premature infants; 6-Mil FL. (Impamil,
Serbia)-IF free of lactose; 7-Bebelac (Danone, Holland)-IF for 0-6 months-old infants
and 8-Aptamil (Milupa, Germany)-IF for 0-6 months-old infants.
SOD-Superoxide dismutase; -SH-free sulfhydryl group; GHH-Px-Glutathione peroxidase
and NADPH-Reduced nicotinamide adenine dinucleotide phosphate.

The results are expressed as mean *SD. Different superscript letters (* and ") indicate a statistical
significance between samples. SOD activity was significantly different at P < 0.005. The content of
the—SH groups differed significantly at P < 0.05. GSH-Px activity differed significantly at P < 0.01.

The presence of total proteins differed significantly at P < 0.05.



Statistically significant differences in total SOD were observed between the breast
milk (sample 1) and all infant formulas (samples 2—8, P < 0.005). GSH-Px was statistically
different in samples 2, 3, 5, 7, and 8 compared with breast milk (sample 1,

P < 0.05; Table 2). The content of -SH groups was statistically different in all infant
formulas, except for sample 5 (Mil Pre, which contains a two-fold higher level of proteins)
compared with sample 1 (P < 0.0).

The EPR (electron paramagnetic resonance) spectra obtained in the Fenton (Fenton,

1894) system (Fig. 1) showed that the production of hydroxyl radicals was
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Fig. 1. (A) Fenton reaction in phosphate buffered saline (pH 7.4), Fe** (0.6 mmol/L), and H,0, (3
mmol/L). Gray curves represent the spectral simulation of the 5-fert- butoxycarbonyl-5-methyl-1-
pyrroline-N-oxide (BMPO) adduct with the ‘OH radical. (B) Fenton reaction in sample 1. Gray curve
represents the spectral simulation of the BMPO adduct with a carbon-centered radical. The signal
intensity of the BMPO adduct with carbon-centered radical was 81+10. (C) Fenton reaction in sample
1 without a spin trap. Lines characteristic of ascorbyl radical are present (connected with the signal of
the ascorbyl radical in B). (D) Fenton reaction in sample 2, signal intensity 108%11. (E) Fenton
reaction in sample 3, signal intensity 111%7. (F) Fenton reaction in sample 4, signal intensity 171%10.
(G) Fenton reaction in sample 5, signal intensity 107+16. (H) Fenton reaction in sample 6, signal
intensity 145%7. (I) Fenton reaction in sample 7, signal intensity 94+13. (J) Fenton reaction in sample
8, signal intensity 80120 (Lugonja et al., 2013a).

affected in breast milk and the infant formulas. In all systems, the hydroxyl radical reacted
with biomolecules (proteins and ascorbate) to produce carbon-centered and ascorbyl radicals
(Fig. 1). The signal of an ascorbyl radical emerged in the breast milk exposed to the Fenton
system (Fig. 1B). The radical was stable and was detected by EPR without a spin trap (Fig.
1C). The level of these reactive byproducts was lowest in the breast milk. In samples 2 to 6,
the level of carbon-centered radical was significantly higher than in breast milk (up to two-
fold). In samples 7 and 8, the level of the carbon centered radical was similar to that in breast
milk, but the level of the ascorbyl radical

was clearly higher (Lugonja et al., 2013a).

The aim of our newest study is to investigate the significance of breast milk and
infant formula in the prevention of oxidative stress, by electrochemical determination of the
total antioxidant potential, demonstrating the relationship between the antioxidant capacity of
milk and postnatal age. Human breast milk, commercial UHT milk, and infant formulas
supplemented with prebiotics were used. The potentiometric measurement indicates that



human breast milk has the highest redox potential, while the commercial UHT milk has very
low potential. Infant formulas also have high potential. The main advantage of
electrochemical methods used to assess the total antioxidant activity of milk was that they
directly monitored the electron donating ability of the compounds and could be used for the
quantitative analysis of the total antioxidants of different types of milk (Lugonja et al.,
2013Db).

Our results at Fig. 2 showed that breast milk induces the relaxation of non-vascular
smooth muscle (isolated rat uteri obtained from virgin female Wistar rats), whereas no such
effect was observed with the infant formulas (Lugonja et al., 2013a).
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Fig.2. The effects of 500 pL of breast milk (sample 1) and different infant formulas on Ca** induced
uterine contractions. Representative records from each examined group are presented (n=5). (A)
Sample 1, (B) sample 2, (C) sample 3, (D) sample 4
(adapted from Lugonja et al., 2013a).

Those farmacologic effects may be due to the higher level of SOD in human milk,
which is known to induce relaxing effects, in addition to its anti-inflammatory and other
properties. Pertinent to the observed effects, human milk has been shown to have an
antihypertensive activity. Milk casein-derived angiotensin-converting enzyme, inhibitory
tripeptides: isoleucine-proline-proline (Ile-Pro-Pro) and valine-proline-proline(Val-Pro-Pro),
which are present in breast milk, have been shown to exert antihypertensive effects in human
subjects and to attenuate the development of hypertension in experimental models. It should
be stressed that these tripeptides and SOD can preserve their structure and function in the
human gastrointestinal system. Therefore, they should be capable of increasing infant
digestion through their effects on the smooth muscles in the intestinal walls (Tsopmo and
Friel, 2007, Ehlers et al. 2011).

Concluding Remarks



Human milk provides better antioxidant protection to baby’s and excert direct pharmacologic
effects compared with infant formulas because of the presence of specific components found
only in human mature brest milk. We are confident that our results indicate that further
development of infant formulas to closely resemble to mother milk health effects in baby’s
should be application of specific oligosaccharides (such as B-D-glucans from baker’s yeast) as
compensation for specific human oligosaccharides-prebiotics and further increasing of infant
formulas bifidogenic and antioxidative capabilities and relaxation effects on gastrointestinal
tract and on the mood of babies.
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Suppl) (2010) 3S-7S.



Izvod

Dugacak put od bifidogenog efekta do antioksidativnih i farmakoloskih osobina
majc¢inog mleka i infant formula

Miroslav M. Vrvi¢'? Snezana D. Spasi(':2

1Hemij ski fakultet, Univerzitet u Beogradu, Beograd
*Centar za hemiju, Institut za hemiju, tehnologiju, i metalurgiju,
Univerzitet u Beogradu, Beograd

Dojenje-hranjenje novorodjenceta majcinim mlekom, pruZa prednosti za uspeSan i
zdrav pocetak Zivota u odnosu na onu, koja su hranjena infant formulama. Uzrok je, naravno,
u razlikama u sastavu humanog i kravljeg mleka koje je, skoro dominatno, osnova za
proizvodnju hrane za bebe.

Nasi radovi na ispitivanju i razvoju hrane za odojcad i malu decu zapocela su pre
naslednik sada ,,Jmpamil*“ doo iz Begrada-Zemuna, onda i sada jedini domaci proizvodjac¢
ovih strateski vaznih dijetetskih proizvoda.

Infant formule slicne po osnovnim i propisanim nutritivnim i bioloskim osobinama
razlikuju se u kvalitetu po nekim od zakonski neobaveznih svojstava, koja su od znacaja za
pravilan razvoj i napredovanje bebe. Zato je i na$ cilj da u€inimo osobine i efekte infant
formula sto blizim maj¢inom mleku. Put ne moze biti dodatak originalnih komponenti
majc¢inog mleka, ve¢ nadoknaditi nedostaju¢e drugim, koje mogu pozitivho uticati na
zdravlje dece. Zato su naSi prvi radovi bili usmereni ka bifidogenom efektu i definisanju
bifidogenog indeksa kao jednih od klju¢nih kriterijuma za infant formule vrhunskog kvaliteta,
Sto je dokazano nizom studija i nau¢nih radova u prestiznim Casopisima. Posebna pazZnja
posvecuje se razvoju novih prirodnih prebiotika.

Antioksidativne osobine su u fokusu interesovanja ne samo u ishrani beba, ve¢ uopste
za vitalan Zivot Coveka, pa smo u svetlu tih trendova dizajnirali i izucavali infant formule u
poredjenju sa maj¢inim mlekom, kao “zlatnim standardom”. Maj¢ino mleko sadrzi mocan
antioksidativni sistem, ali i infant formule, u zavisnosti od namene i proizvodjaca imaju
sposobnost da uklanjaju reaktivne vrste slobodnih radikala i na taj nain imaju protektivnu
ulogu za organizam bebe.

Poznato je relaksantno dejstvo maj¢inog mleka na digestivni trakt bebe. Ovo
farmakoloSko svojstvo, manjeg intenziteta, potvrdjeno je u laboratorijskim ispitivanjima i za
infant formule.

Nasi rezultati pokazuju da opSta strategija razvoja infant formula, koje blisko
odgovaraju osobinama maj¢inog mleka treba da se bazira na biomimikriji: sastava majc¢inog
mleka u pogledu sadrzaja antioksidanasa male molekulske mase i primeni specificnih
prebiotickih polisaharida, kao Sto su glukani celijskog zida pekarskog kvasca, kao
potencijalna zamena za oligosaharide humanog mleka. Svi naSi dosadasnji i tekuéi radovi
otvaraju nove perspektive i pravce za bududi razvoj sastava infant formula najviseg kvaliteta.
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N Nota bene'!

e MAJCINO MLEKO JE NAJBOLJA HRANA ZA SVE
MLADUNCE SISARA, DAKLE | ZA
NOVORODJENCE COVEKA (WHO/UNICEF) !

« NAZALOST, NIJE UVEK MOGUCE DA MAJKA DOJI
BEBU (ILI TO NE ZELI) ILI DA SE BEBI OMOGUCI
ISHRANA MAJCINIM MLEKOM OD DRUGE MAJKE !

« ZATO JE NEOPHODNO OBEZBEDITI ISHRANU

NOVORODJENCETA STO PRIBLIZNIJOM HRANOM-INFANT
FORMULAMA !

(Rezolucija WHO 34.22/1981)
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GRUPA ZA MIKROBIOLOSKU HEMIJU (GMBH) CIJI
SU SARADNICI SA HEMIJSKOG FAKULTETA U
BEOGRADU | CENTRA ZA HEMIJU, INSTITUTA

ZA HEMIJU, TEHNOLOGIJU | METALURGIJU,
UNIVERZITETA U BEOGRADU SE BAVI
ISTRAZIVANJEM, RAZVOJEM, NOVIM
FORMULACIJAMA, TESTIRANJEM,
USAVRSAVANJEM | OSVAJANJEM
SOPSTVENIH TEHNOLOGIJA | NJIHOVE
PRIMENE ZA PROIZVODNJU HRANE ZA
NOVORODPENCAD, MALU DECU I
FORMULACIJA ZA POSEBNE MEDICINSKE
NAMENE!!!



b |

Nai radovi na ispitivanju i razvoju hrane za odojéad

| malu decu zapocela su pre ¢etvrt veka, u saradnji
sa Industrijom mleénih proizvoda- “IMPAZ” iz

ZajeCara, Ciji je naslednik sada “Impamil” doo iz
Beograda-Zemuna, onda | sada jedini domaci
proizvodac ovih strateski vaznih dijetetskih
proizvodall!

O
O

O

Dakle, da nije jedinog domaceg proizvodaca hrane
za bebe, $to je od strateSkog znacaja za svaku
zemlju, ne bi bilo ni nauénoistrazivackih rezultata i
naucnih publikacijal!!



MLECNA KASICA et
SA PIRINCEM | VANILOM / MLECNA KASICA

BABY MILK CEREAL - RICE AND VANILLA SA ZmarICAMA | CONOLADOM

v = h—g—:’" )
Bez glutena / Gluten free 4
Bez sohoroe / Sucrose free

!':u prebioticima /
With Prebiotics ! Od / From / Neto koligina
Bez glutena i saharoze / _ o ] 2 _
Gluten and sucrose free 5 i A= 4009
R j T % z R :
e sadrZi genetski modifikovane komponente / ¥ |l Meseci / Months Netto weight
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o Mikroflora digestivnog trakta bebe, koja sisa ima
PROBIOTICKO DEJSTVO, pri &emu je majéino
mleko PREBIOTIK, tako da bi ove dijetetske
namirnice trebalo da imaju zadovoljavajuci
“BIFIDOGENI EFEKAT”, $to znaci da stimuliSu rast
| razmnoZavanje BIFIDOBAKTERIJA, odnosno
“BIFIDOGENI INDEKS” $to pribliZzniji majéinom
mieku, kao “zlatnom standardu”.

o Bifidogeneza, sa podrazumevaju¢im nutritivnim
svojstvima €ini listu principa za razvoj novih
formulacija kompletnom, S$to ukljucuje optimalan
odnos makro- i mikronutrijenatal
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“\B“Neophodno je bilo u in vitro uslovima razviti test za
ispitivanje bifidogenog efekta. Na slici je predstavljena Sema

IN VItro testa
1.

\

’ Selektivan mediyjum
I b 0 sa laktulozom
A

Feces 3 dana stare bebe

TeCan medijum sa lakulozom

i ”Binmasae’ . s [F/supstrat sa 0.1%
siigege Pankreatinska digestija .@ m/V potencijalnog

Za 1 vitro test prebiotika
37°C/CO,/48h

Biohemijski indikatori /
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S \d Rezultati in vitro proucavanja BIFIDOGENOG EFEKTA na
kraju eksperimenata (posle 48 h)

&

Y039 A \3"

Supstr

Mikrobiolosk

0,044 0,0
2,92:2,04 3,13:11 |

aPripremljen kao obrok po uputstvu proizvodjaca.
bU 1 mL. °g/100 mL.

Vuceti¢, J.1., Mati¢, V.F., Jovi¢, R., Neni¢, M., Vrvi¢, M..M. Bifidogenic effect for the infants formulas-in vitro
research, Abstracts and proceedings of the 5" Congress of the Association of the Yugoslav Biochemical
Societies, Scientific Committee, Ed., Association of the Yugoslav Biochemical Societies, Novi Sad, 1989, p. 325.
(in Serbian).

Vrvic, M.M., Matic, V., Panic-Jovi,c M., Jovic R., The supstrate as a bifidogenic factor: in vitro research, in
Poster Abstracts of the World Congress on Biotechnology-Biotechnology 2000, Scientific Committee, Ed., Vol. 3,
DECHEMA, Berlin, 2000, p. 258-260.



& OSNOWVU IN VITRO BIFIDOGENOG EFEKTA NA OSNOVU
SADRZAJA LAKTULOZE KOJA NASTAJE 1Z LAKTOZE U TOKU
PROIZVODNJE | BIFIDOGENOG INDEKSA

-@m@ RANGIRANJE NEKIH INFANT FORMULA SA TRZISTA NA %
[

Sadrzaj Bifidogeni

RANG PROIZVOD laktuloze, indeks,

[mg/obrokul] [%6]
1. PREIMPAMIL® 41 77
2. IMPAMIL® 42 71
3. Inostrani proizvod 1 50 51
4. Inostrani proizvod 2 37 52
5. Inostrani prozvod 3 28 45
6. Inostrani prozvod 4 20 36
7 Inostrani prozvod 5 56 34

Jakovljevi¢, D., Kanazir, D., Vrvi¢, M., Investigation of lactulose in domestic infant formula, in
Proceedings of the 9% International Conference on Fundamental and Applied Aspects of Physical
Chemistry, Anti¢c-Jovanovié, A., Ed., Vol.1., Society of Physical Chemists of Serbia, Belgrade, 2008,
p. 403-405.

Martinov, O.B., Spasi¢, S.D., Lugonja, N.M., Gojgi¢-Cvijovi¢, G.Dj.,Vrvi¢, M.M., Infant formula as a
substrate for bifidogenesis: An in vitro investigation, Afr. J. Biotechnol. 10 (2011) 2302-2307.






AKTIVNI | BIVSI SARADNICI NA PROJEKTIMA
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Industrija mle€nih proizvoda Zajec¢ar-,,IMPAZ*
(sada ,,imlek*“-Mlekara Zajecar)

Nina DPORDEVIC, dipl. ekon.

Mr Zoran GOLUBOVIC, dipl. ing. preh. tehnol.-DIREKTOR
Mira PAJIC-JOVIC, dipl. hem., spec. biohem.
Ranko JOVIC, dipl. ing. ZNR
Porde LILIC, dipl. ekon.-DIREKTOR
Vera MILOJKOVIC, dipl. ing. polj. tehnol., spec. mikrobiol.
Dusica RISTIC, dipl. ing. polj. tehnol.

Dr. sci. med. Zdenka SOKIC, stomatolog
Stanimirka VIDENOVIC, dipl. ing. pol;. tehnol.
Svetislav ZIVKOVIC, dipl. ekon.
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“Impamil” doo, Beograd-Zemun

Nina PORDEVIC, dipl. ekon.
Dr Tanja KIJAC, lekar
Vera MILOJKOVIC, dipl. ing. polj. tehnol., spec. mikrobiol.
Dr Radmila Bué¢an Petronijevi¢, dipl. ekon.
Dusica RISTIC, dipl. ing. tehnol.

Hemijski fakultet, Univerzitet u Beogradu, Beograd

Doc. dr Vladimir BESKOSKI, dipl. biohem.
Mr Branislav NASTASIJEVIC, dipl. biohem., asistent
Prof. dr Miroslav M. VRVIC, dipl. hem.-RUKOVODILAC PROJEKTA
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Centar za hemiju, NU Institut za hemiju, tehnologiju i metalurgiju (IHTM),
Univerzitet u Beogradu, Beograd

Dr Gordana GOJGIC-CVIJOVIC, dipl. hem., nauéni savetnik
Dr Mila ILIC, dipl. hem., nauéni saradnik
Dr Dragica JAKOVLJEVIC, dipl. hem., nauéni savetnik
Jovana STEFANOVIC KOJIC, dipl. biohem., istrazivaé-saradnik
Dr Olga (MARTINOV) LOZIJE, dipl. hem., nauéni saradnik
Mr Nikoleta LUGONJA, dipl. biohem., istrazivac¢-saradnik
Marijana MARKOVIC, dipl. hem., istrazivaé-saradnik
Valerija MATIC, dipl. hem., istrazivac
Mr Srdan MILETIC, dipl. biohem., istrazivaé-saradnik
Dr Jelena MILIC, dipl. biohem., MS Biohem., naucni saradnik
Branislav POTKONJAK, dipl. fiz. hem., visi strucni saradnik
Dr Milanka RADULOVIC, dipl. mol. biol., nauéni saradnik
Dr Snezana SPASIC, dipl. hem., vi$i nauéni saradnik
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SARADNICI IZ MEDICINSKIH | SOCIJALNIH USTANOVA

Prof. dr. sci. med. Slavka DURUTOVIC-GLIGOROVIC, KCS-Institut za
ginekologiju i akuserstvo, Beograd

Prof. dr. sci. med. Dobrivoje FILIPOVIC, Institut za zastitu zdravlja
majke | deteta Srbije, Beograd (u penziji)

Doc. dr. sci. med. Milo§ JESIC, Univerzitetska deéija klinika,
Sluzba za neonatologiju, Beograd

Prim. dr Vesna MARINKOVIC, Institut za neonatologiju Srbije,
Beograd

Prof. dr. sci. med. Niveska BOZINOVIC-PREKAJSKI, Institut za
neonatologiju Srbije, Beograd

Prof. dr Nedeljko RADLOVIC, Univerzitetska deéija klinika, Sluzba
za gastroenterologiju, Beograd

Dr Mirjana RASOVIC, lekar, Centar za zastitu odoj¢adi, dece i
omladine, Beograd
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Sta dalje posle
BIFIDOGENPG
EFEKTA I
BIFIDOGENOG
INDEKSA?
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» Uvesti nove metode za poredjenje
karakteristika majcinog mleka |
Infant formula

» Za efekte na zdravlje beba
Zznacajne su reakcije sastojaka
mleka sa slobodnim radikalima,

ukupni antioksidacioni potencijal |
direktni farmakoloski efekti



% ELEKTRON PARAMAGNETNA
REZONANCA (EPR)

EPR spektar koji nastaje u
reakciji majcinog mleka |
hidroksil radikala produkovanih
Fentonovom reakcijom:

Fe* + H,0, — Fe3* +OH" + OH"



International Journal of

Food Science & Technology

International Journal of Food Science and Technology 2011

Original article
The effects of repetitive alkaline/acid extractions of

Saccharomyces cerevisiae cell wall on antioxidative and
bifidogenic efficacy

Olga B. Laugier,'* Snezana D. Spasi¢,’ Vesna Mandi¢,®> Dragica Jakovljevi¢' & Miroslav M. Vrvi¢'?

1 Department of Chemustry, Institute of Chemistry, Techneclogy and Metallurgy, Njegoseva 12, P.O. Box 473, 11001 Belgrade, Serbia

2 Department of Pathological Pregnancy, University Clinic for Gynecology and Obstetrics “Narodni front”, Medical School, Belgrade, Serbia
3 Faculty of Chemistry, Umiversity of Belgrade, Studentski trg 16, P.O. Box 138, 11001 Belgrade, Serbia
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Magnetno polje (Gaus)

Poredenje antiradikalske aktivnosti glukana razlicite Cistoce u reakciji
sa hidroksil radikalom iz Fentonove reakcije.

A - Fentonova reakcija,
B - Fentonova reakcija + glukan (93,15%),
C - Fentonova reakcija + glukan (75,54%),
D - Fentonova reakcija + glukan (49,30%),
E - Fentonova reakcija + manan
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s+ NaFentonovu reakciju moze uticati i uklanjanje redoks
ﬁwg aktivnog (neadekvatno heliranog) gvozdja. Mehanizmi |3
S NBE ukljuceni u uklanjanje gvozdja kod novorodjencadi su vrlo <~
vazni jer oni imaju niske nivoe transferina i ceruloplazminai
povecane nivoe slobodnog gvozdja u plazmi, eritrocitima,
alveolarnoj teénosti.

« Kao sto smo nedavno naveli u nasim revijama:

— |.Spasojevic¢, B. Obradovi¢, S.Spasi¢. Bench-to-bedside
review: Neonatal sepsis - redox processes in
pathogenesis.Critical Care, 16 (2012) 211.

— M.E. Andrades, A. Morina, S. Spasic¢, |.Spasojevi¢. Bench-to-
bedside review: Sepsis - from the redox point of view.
Critical Care, 15 (2011) 230.

 Redoks stanje u krvi beba i odraslih se zna€ajno razlikuje.
Uzimajuéi u obzir da su plazma askorbat nivoi striktno
kontrolisani putem intestinalne absorpcije | renalne sekrecije,
aplikacija mega doza askorbata je najverovatnije beskorisna.
Nivoi ostalih antioksidanasa kao a-tokoferol (koji se izlucuje u
zuc€i) takodje su striktno regulisani.

« Medjutim, status gvozdja moze biti podlozan patoloskim
promenama kod beba.
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Odredjivanje klasi¢nih antioksidativnih
enzima:

— Superoksid-dizmutaza (SOD)

— Glutation-peroksidaze (GSH-Px)

| sulfhidrilnih (-SH) grupa kao klasic¢nih
pokazatelja antioksidacionog sistema (AQS)
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Aktivnosti antioksidativhog odbrambenog sistema kod

majCinog mleka i razliCitin infant formula

Antioksidativne komponente
Ukupni proteini,
- : GSH-Px, [nmol P P .
Ukupni SOD, | op rumol] INADPH “mint-|  [2/L]
[U/g protein] g ,
gl protein]|
Majc¢ino mleko 500+23 35.6+24 972+ 2.16 12.02 +0.31
Mil 1 1.56 +0.56 233+ 3.1 .58 & 0.25 15.57:+0.21
Mil 2 096 +0.13 124« 1.2 410+ 0.16 1793 £0.35
Mil 3 1.634+0.35 251+106 8.03 +0.21 1946 £0.15
Mil — Pre 0.96+0.23 25.20% 2.6 432.% (.15 21.60+042
Mil - FL 1.01+0.21 1552 3= 1.2 6.83 £ 0.81 1945 £0.35
i 0.72+0.15 125413 3.11+0.65 16.51 +0.13
proizvod 1
Hostam 1.32+0.42 143+1.1 2.51+0.42 17.35+ 1.6
proizvod 2

SOD-Superoksid dismutaza; -SH — slobodne sulfihidrilne grupe; GHH-Px-Glutation
peroksidaza 1 NADPH — Redukovani nikotinamid adenin dinukleotid fosfat.

N.Lugonja, S.D. Spasic, O. Laugier, A. Nikolic-Kokic,l. Spasojevic, Z. Orescanin-Dusic, M.M. Vrvic Differences in direct
pharmacologic effects and antioxidative properties of mature breast milk and infant formulas. Nutrition, 29 (2013) 431-435.
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. Humano mleko obezbedjuje bolju antioksidacionu zastitu
nego infant formule. Nasi rezultati su pokazali da maj€ino
mleko sadrzi snazniji antioksidacioni sistem, visi nivo SOD
aktivnosti | ve€i sadrza] redukujuc€ih agenasa (slobodnih
—SH grupa).

« Majcino mleko 1| infant formule uklanjaju hidroksil radikal
uz produkciju askorbil radikala. Infant formule su bile nesto
manje sposobne da eliminisu reaktivnhe vrste u poredjenju
sa majcinim mlekom.

 Vecéi antioksidacioni kapacitet majéinog mleka moze se
pripisati direktnom uklanjanju radikala tiol grupama. Ovo
potvrduje da majcino mleko poseduje mnogo jaci
antioksidacioni potencijal u poredjenu sa ispitivanim infant
formulama.Ovo je od posebne vaznosti za nezreli imuni
sistem beba, koji je mnogo vise podlozan uticaju razlicitih
stresora iz okoline | fluktuacijama samog sistema koje su
pracene povec¢anom produkcijom reaktivnih vrsta.
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Potenciometrijska merenja
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-Merenja pokazuju visok antioksidativni
potencijal kod majcinog mleka (MM) i
infant formula (IF) a nizak kod
komercijalnog UHT mleka (CM)!

-Ovo ukazuje na vece prisustvo
supstanci sa redukcionim osobinama u
majcinom mleku i infant formulama nego
u komercijalnom mileku!

N.M.Lugonja,D.M.Stankovi¢ ,S.D.Spasi¢, G.M.Rogli¢,D.D.Manojlovi¢,M.M.Vrvic
Comparative Electrochemical Determination of Total Antioxidant Activity
In Infant Formula with Breast Milk. Food Anal.Methods (2013)
DOI10.1007/s12161-013-9631-7
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Applied nutritional investigation
Differences in direct pharmacologic effects and antioxidative properties

of mature breast milk and infant formulas
Nikoleta Lugonja M.Sc. 2, Snezana D. Spasi¢ Ph.D. #*, Olga Laugier Ph.D. % Aleksandra Nikoli¢-Koki¢ Ph.D. P,
Ivan Spasojevi¢ Ph.D.€, Zorana Orescanin-Dusi¢ Ph.D. b Miroslav M. Vrvi¢ Prof,

A Department of Chemistry, Institute of Chemistry, Technology, and Metallurgy, University of Belgrade, Belgrade, Serbia
b Pepartment of Physiclogy, Institute for Biological Research, University of Belgrade, Belgrade, Serbia

" institute for Multidisciplinary Research, University of Belgrade, Belgrade, Serbia

9 Faculty of Chemistry, University of Belgrade, Belgrade, Serbia
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RAZLIKE DIREKTNIH FARMAKOLOSKIH
EFEKATA ZRELOG MAJCINOG MLEKA |
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Efekat 500 yL majc¢inog mileka (uzorak A) i razli€itih infant formula na Ca

indukovane kontrakcije uterusa (uzorci infant formula B-H)




 Radovi pokazuju da infant formule
mozemo unapredjivati raznimm dodacima,
a havedenim metodama uporedjivati u
kojoj meri su ti dodaci uticali na
priblizavanje ili udaljavanje od “zlatnog
standarda” u pogledu direktnih

farmakoloskih efekata | opstih
antioksidacionih osobina.

» Nasi rezultati otvaraju nove perspektive |
pravce za buduci razvoj sastava infant
formula.
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Na osnovu nasih rezultata opsta strategija daljeg
razvoja infant formula koje blisko odgovaraju
osobinama majcinog mleka, koju ¢emo slediti,
bazirace se na:

‘Imitiranju sastava majcinog mleka u pogledu
sadrzaja antioksidanasa male molekulske mase i
mikroelemenata

‘Primeni specificnih ugljenih hidrata-prebiotika pri
cemu su polisaharidi celijskog zida kvasca
perspektivni jer u in vitro testovima pokazuju
odlican bifidogeni efekat.
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ISTRAZIVACKI TIM IZRAZAVA
ZAHVALNOST MINISTARSTVU
ZA OBRAZOVANJE, NAUKU |
TEHNLOSKI RAZVOJ
REPUBLIKE SRBIJE |
“IMPAMIL” DOO (BEOGRAD -
ZEMUN) KAO PARTICIPANTU
ZA FINANSIRANJE OVIH
ISTRAZIVANJA U OKVIRU
PROJEKTA 111 43004!
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