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INTRODUCERE

Alimentaia sugarilor este un subiect de interes atat pem@me cati pentru
producatorii de produse adresate acestei claseodsumatori. Odat cu aderarea
Romaniei la sp@ul european, proddi@ de lapte praf pentru sugari, impain doui
categorii ,lapte de inceput” pentru perioada 0 -IU@ si ,lapte de continuoare” pentru
perioada 1 — 3 ani, este mult mai strict reglentéraéit in ceea ce prigee materiile
prime acceptate a fi utilizate la fabricarea ageptoduse cit mai ales la conceniaa
fiecarui component, stabilindu-se limite stricte pentnajoritatea claselor de substan
din compozia produselor.

Produsul propus la finalulul acestei laigiraduce o noutate in Romania, la nivelul
formulelor de inceput destinate sugarilor, prinoBitea casi materie prind a laptelui
colostru bovin liofilizat, acesta cistigand astfel aport de anticorpi naturali proteine

y)



esefiale precunsi vitaminesi minerale naturale, cu o abs@#bla nivelului organismului
uman mult mai mare decit in cazul celor ingerata pntermediul premixurilor (de
sinteza).

Colostrul este primul aliment pe care toate mareléil gusta in prima zi de
viata, primul lapte care este generat de glandelmane imediat dupa starea noului-
nascut. Din punctul de vedere al compa| colostrul bovin difet fata de laptele crud
(asimilat de organismul uman fara probleme cu eg&egazurilor de intolerga la
lactoz) din toate punctele de vedere. Deoarece rolultaicpsodus este de a activa
sistemul imunitar al nouluiascutsi de al agra (prin intermediul imunoglobulinelor)
inca de la primele secunde de t¥jacind organismul acestuia este complet expus
riscurilor de imbol#vire, acest produs este bogat in prateigrasime, vitaminesi
minerale precunsi factori de imunizare, factori de gtere si proteine de proter
(lactoferira si aminoacizi).

Numeroase studii stitfifice au demonstrat #anea benefi€ a acestui produs ga
adjuvant in tratamentul unor boli grave, insistaslipra suportului adus organismului in
etapa de preveie sau de recuperare dupa foal

Aceste considerente au stat la baza rixdligrezentei teze de doctorat in care s-
au intreprins studii de caracterizare a comg@zaptelui colostru bovin de la diferite
rase de bovine, de studiere a modului de compaoatazebstatelor active pe parcursul
procesului de prelucrare (liofilizare), de evaluaneosibiliitii utiliz arii in practici a unei
metode simple de evaluare a clasei de calitated@dugului lichid, de optimizare a
procesului de granulare a colostrului pulbere pratode specifice industriei
farmaceutice, de evaluare a gradului de degradsubstatelor active pe perioadie
deshsurare a unor studii de stabilitate daoptimizare a unui flux de fabriga a noii
formulesi de evaluarealitativi (fizico-chimici si microbiologici) a acesteia.

Lucrarea are dauparti: o parte bibliografig si o parte de contrilzi personale.

Partea bibliografit este structuratintr-un singur capitoki reprezini o sintez a
datelor din literatur de specialitate cu privire la vitamine (ligo hidrosolubile), la acizii
grasi polinesaturati, la imunoglobuling lactoferini precumsi la o scuri descriere a
colostrului.

Partea practicdescrie pe larg rezultateletotute in urma studiilor descrise mai
sus precumngi evaluarea statistica datelogi emiterea concluziilor
Lucrarea se incheie cu prezentarea concluziiloeiga®, referire bibliograficesi atasarea a
trei articole in-extenso, publicate in reviste gedalitate.

CONTRIBUTII PERSONALE

1. EVALUAREA COMPOZI TIEI LAPTELUlI COLOSTRU DE LA
DIFERITE RASE DE BOVINE

Deoarece compoaa colostrului bovin este difetitla fiecare ras de bovine,
prima etap a studiului a fost constitditdin evaluarea compai fizico-chimice, cu
precadere a comutului de imunoglobulingi lactoferiri, din laptele colostru prelevat de
la 3 rase diferite de bovine (Normandolstein, Biltati Romaneasy) si metisi, din
ferme diferite, de varstg cu nunir de &tari diferite, de pe teritoriul judelui Alba. In
urma efectdarii testelor, rezultatele au @at o varigie a intregii compozii, dar mai ales
al cortinutului de 1gGsi LF in functie de rag concentrga celor dod componente fiind




descresitoare in ordinea NormatdHolstein, Biltati Romaneascsi metisi. In ceea ce
priveste variaia cortinutului de 1gG in fungie de crgterea nurirului de ftari si implicit
a varstei animalului, s-a observat osteee direct propaionak a procentului de IgG cu
aceste doua variabile, astfel daca la prigtaré media concentiai a fost 67.80 mg/ml
lgG,la a patradtare concentté a crescut la aprovimativ 99.01 mg/ml (valoarelimp

Din ratiuni legate de gradul deiagpandire a animalelor s-a ales utilizarea
colostrului bovin recoltat de la rasa Holstein @B.mg/ml IgGsi 315.355 mg/l
LF)pentru a fi folosit cgi materie prima pentru testele urmatoare.

2. EVALUAREA PROCESULUI DE LIOFILIZARE ASUPRA
SUBSTANTELOR ACTIVE (VITAMINE, IMUNOGLOBULINE Sl
LACTOFERINA) ADAPTATE SI LA CERIN TELE HACCP

Pentru p@strarea intadét a imunoglobulinelor, lactoferinegi vitaminelor din
colostru, procesarea acestuia in vedereaneid pulberii s-a #cut prin liofilizare.
Deoarece procesul de fabrieapresupune uscarea acestuia la o températysesiune
cat mai joas dupa o congelarea prealabila, am efectuat testvaleare a gradului de
denaturare a proteinelor in cofidivariabile de fabricae (varigia temperaturiisi a
vitezei de centrifugare), in vederea opti#niz procesului de fabriage. Astfel s-a
observat & temperatura optith de fabricde este de maxim 6C, cand gradul de
denaturare este mic (aproximativ 13%) iar depa acestei valori cu 18C conduce la
distrugerea a 50% din totalul de IgG. Utilizareaiuniteze de rotige cat mai mari in
etapa de separare a smantinii, duce feea semnificatiya procentului de grasime
(pina la 0.5%) dar mai ales a niimlui de celule somatice din produs (aproximativ
50%), imbutatind astfel calitatea produsului (se reduc riscuddecontaminare).

3. EVALUAREA RELA TIEI MATEMATICE DINTRE
IMUNOGLOBULINE, LACTOFERINA si DENSITATEA COLOSTRULUI
LICHID

Pentru evaluarea cantitativa coninului de IgGsi LF din colostrul lichid am
propus o metaialternativ de lucru dasi de clasificare a colostrului in clase de calitate
Metoda respectiy are la baZ stabilirea unei retd matematice dintre IgG, LFKi
densitatea produsulgi poate fi utilizas in practié la recegia calitativa a colostrului.
Tinand cont de acedastelaie matematig am stabilit un “colostrometru” teoretic cu
ajutorul aruia sunt eliminate probele @ror cortinut de 1gG este deut. Pentru fiecare
categorie de calitate din cele trei stabilite, eksponibik o limita a valorilor densitgi si
a celor doua componente astfel ca este usor deaftampozie orientatia pentru o
proka.

4. OPTIMIZAREA PROCESULUI DE GRANULARE UMEDA A
COLOSTRULUI PULBERE SI STABILIREA UNEI FORMULE OPTIME DE
GRANULARE

Datorita caracteristicilor fizice alabe ale pulberei (adappafos si electrizat,
densitate mig 0.2 g/ml, indice Carr mai mare de 8bcurgerea slai), utilizarea in
practic a acestui produs mai ales in omogenizareomprimare este foarte difidil In
acest scop s-a incercat optimizarea caractergtifidice prin granulare umeéditilizand
alcool etilic casi agent de umectarg diferiti excipienti. In acest scop au fost pregtar
14 formule la care s-a variat in fazatiala tipul excipientului (amidon, lactédzceluloz
cristalim, PVP darsi combinaii ale acestora) iar in etapa urmatoare s-a variat
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concentrda alcoolului etilic. Pe tot parcursul experimemiuk-a urndrit gradul de
denaturare al proteinelor (in special al imunoglotalor) influertat de efectul alcoolului
etilic cumulat cu condille de uscare a granulelor (temperatde 45C).

Aceasi etap a experimentului a condus la dezvoltarea in laioo@unei metode
de dozare a proteinelor adaptatlupi metoda clasic Lowry. Pentru verificarea
aplicabilititii acesteia s-au facut evéahustatistice descrise pe larg in ez

In urma efectuarii tuturor analizelor, s-a congtata gradul de denaturare al
proteinelor este cel mai mic (sub 25%) in cazulaitiii unui alcool de concentti@ 40%
in combinaie cu amidon (casi excipient). Aceagt concentrge a alcoolului etilic
determiri 0 cretere semnificati¥ a procentului de granule cu diametrul peste 650
microni darsi o sterilizare implicid a produsului a &ui incircatura microbiari este
foarte mare. Dg prelevarea colostrului lichid se face cu ajutasaki instaléi automate
de muls, contaminarea microbfareste maresi greu de redus deoarece, datorit
distrugerii imunoglobulinelor la temperaiurprodusul nu poate fi supus nici unui
tratament termic.

5. STUDII DE STABILITATE ALE COLOSTRULUI PULBERE IN FORMA
VRAC SI IN FORME FARMACEUTICE (SUPLIMENTE ALIMENTARE)

Studiile de stabilitate au fost efectuate pe 5 erparalele de produs finit prelevate
din acelasi loti cate 3 loturi din dofusuplimente alimentare (Activit Imurgp Activit Imuno
Forte fabricate de Aesculap Prod SRL, Tirgu My un coginut diferit de imunoglobuline
(30 mg respectiv 60 mg per comprimat). Probeleost ffistrate pe o periodadde 6 luni, in
condiii normale (20 £ 5 °C, UR =70 + 5 %) de degradare acceletqt40 =5 °C, UR = 70
+ 5 %), la lumind si la intuneric, iar analiza acestora a fost efegtlaintervale de timp bine
stabilitesi anume: infial, 7, 14, 30, 90, 14§ 180 zile. Aceste teste au fost efectuate pentru
determinarea termenului de valabilitate a colosatrpllbere, a condilor optime de gstrare
darsi al gradului de degradare in timp a subgtbor active.

Analizand rezultatele s-a concluziondt gerioada de valabilitate a colostrului
pulbere poate fi accepsdia 24 luni, fira pierderi majore a compongor principali, daca
sunt respectate conile de pistraresi anume: ambalat etgnlipsit de aer (de preferinta
sub atmosferinerti de azot), la intunerig la temperaturi mai $zute intre 16 - 20C

Din punct de vedere organoleptic, produsul sufeodificiri datoriti procentului
mare de grasime care ramine in probe (intre 8-1¢1%#are in timp, se degradeaxi
determira modificari ale gustului si mirosului. Acest aspelet degradare al calitior
organoleptice poate finut sub controki redus prin granularea produsului cu alcool etilic
care imbuatatesc mirosuki gustul produsului.

La produsele farmaceutice, compaziacestuia este relativ stahildac sunt
respectate congiie de pistrare (temperatéirsi umiditate). Comprimatele trebuié e
ferite de lumid si caldura excesid, pastrate in ambalajul lor original. Denaturarea
proteinelor de interes (Ig§ LF) poate fi deasemenea redymsin utilizarea unui ambalaj
primar brun, pentru a feri comprimatele de luimidcest aspect poate incetigi
procesul de degradare al vitaminei C, destul denyat, mai ales in congdile
accelerate, care arata o sensibilitate a acedisiamte la lumiisi temperatus ridicat.

Denaturarea proteinelor de interes (IglGLF) este mai pronuati in cazul
probelor tinute la lumifn S-a constatat o &tere a concentti@i de 19G de 5.49% in
cazul probelor tinute la lumincomparativ cu doar 4.80% in cazul celor de lanetic,
astfel incat concenttia de IgG a ajuns la 21.88% in comidde lumini si la 22.57% la
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intuneric din cofinutul initial de 27.37%. Acek lucru este valabilsi in cazul
lactoferinei, inregistrandu-se oasiere a concenttiai, de la 0 medie de 1.93% fiai, la
1.52% in cazul probelor tinute la lurdigi la 1.70% pentru celeaptrate la intuneric.
Ceilalti parametrii analizi@ pentru probele de colostru adnras relativ constan

diferentele constatate pe parcursul etapelor de testareramalu-se neomogei

probelor sau erorii de lucru.

6. OPTIMIZAREA FORMULEI DE LAPTE PRAF PENTRU SUGARI SI
EVALUAREA CALITATIVA  SI CANTITATIVA A ACESTEIA (VITAMINE,
ACIZI GRA S| POLINE SATURATI, IMUNOGLOBULINE S| LACTOFERINA)

Din punct de vedere al aspectukiial condtiilor organoleptice, amestecul de
colostru bovingi lapte praf corespundg poate fi utilizat pentru fabricarea de produse
destinate alimenteei sugarilor. Testele de solubilitate adtat ci produsul este solubil in
propotie de peste 98% in agaldi (in jur de 40C).

Propotia optima de mixare a celor dduwcomponente, astfel ca amestecutespecte
limitele fizico-chimicisi microbiologici impuse de legisia europeana este de lapte praf
: colostru = 86 : 14. Camutul foarte mare de proteirdin colostrul liofilizat (in jur de
70%) reprezint o problend in etapa de amestecare, de fahrécal noului produs deoare
limita maxima a proteinei accepigientru formulele de inceput este de 15.90%.

Analizele efectuate atat in laboratorul BIOEF (judé\lba, Romania) cii in cel
din Frana (Isigny Sainte Mére) au @at ¢ produsul okinut este bogat in aminoacizi
esefiali, in vitamine si minerale. Continutul de acishdleic si alfa linolenic a fost
determinat in Franta prin gaz — cromatografie gortul acestora din produsul final
respecta limitele impuse. Pentru dozarea vitamineloalizate atit in Franta cit si in
laboratorul BIOEF, s-au folosit metode cromagrafiegLC si HPLC — MS) dezvoltate
in laborator, validate si adaptate compiezicomplexe a produsului.

Pentru determinarea parametrilor microbiologici, aus- folosit metode
standardizate, conform cu standardelor impuse dB@\Sanalizele fiind efectuate in
cadrul laboratorului BIOEF (jud. Alba). Analizele a#itat ci produsul are o irccatura
microbiari mica datorad tratamentului termic aplicat laptelui praf (usciEdemperaturi
cuprinse intre 180 - 18F), care impiedi& dezvoltatea microbilorsi datoriti
tratamentului de granulare aplicat colostrului jeué

Produsul nou propus in aceasteza va fi produs la scarindustriah sub
denumirea de VITALACT IMMUNITY, sub forma unei foute de inceput, destinat
sugarilor cu varste cuprinse intre 0 — 12 luni.
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INTRODUCTION

Infant nutrition is a subject of interest for batiothers and for the producers of
the powder milk. Once Romania joined the EU, thedpction of milk powder for
infants, witch is divided into two categories "infdormulae” for the period 0-12 months
and "follow-on formulae" for the period 1-3 yeaismore strictly regulated. This refers
to accepted raw materials used in the manufactamyespecially to the concentration
of each component, setting limits for most clasfesubstances found in the products.

The product proposed here, brings something newRfanmania, in the field of
infant formulae, using bovine colostrum powder aw material. The novelty of this
product is due to the natural antibody, essentratgmns and natural vitamins and
minerals added to it, with a higher absorptionhe human body than those ingested
through premixes (synthesis).

Colostrum is the first food that that every newrbonammal taste by all the
mammals in the first day of life, the first milkahis generated by the mammary glands
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immediately after birth. In terms of compositiomyvine colostrum differs from raw milk
(easily assimilated by the human body without argbjems, except lactose intolerance
cases) in every aspect. Because the role of tbdugt is to activate the immune system
of the newborn (via immunoglobulin) starting foetfirst day of his life, when the body
is fully exposed to health risks, this productichrin protein, fat, vitamins and minerals
and immunization factors, growth factors and priotecproteins (lactoferrin and amino
acids).

Numerous scientific studies have demonstrated theeficial action of this
product as an adjuvant in the treatment of seritisisases, stressing its role on the in the
prevention process.

These considerations lay down the basis of thigodalkcthesis, in which studies
were conducted to characterize the compositiorhefltovine colostrum from different
breeds of cattle, study the behavior of active wuz®es during processing (freeze-
drying), demonstrate the applicability of two afttetive methods in evaluation of the
quality of the liquid product, optimize the wet +agulation process of colostrum
powder, establish the degree of degradation oveadiubstances during the stability
studies but also to optimize the manufacturing ess@and characterization (chemical and
microbiological) of new formulas.

The bibliography is structured in a single chapied represents a summary of the
present knowledge on vitamins (lipo and water delylihe polyunsaturated fatty acids,
immunoglobulin and lactoferrin but also a brief cdgstion of the colostrum.
The applicability section deals with the resultaerated following the studies above, the
statistical evaluation of data, and conclusions.
The thesis ends with the general conclusions, eaters, and three attached articles,
published in scientific journals, as attachmentd tavo annexes (composition of Vitalact
Immunity and definition of statistical method usedaper).

PERSONAL CONTRIBUTION

1. EVALUATION OF THE COMPOSITION OF BOVINE COLOSTRU M
FROM DIFFERENT BOVINE BREEDS

Because the composition of bovine colostrum isedéiit in each breed of cattle,
the first stage of the study involved the evaluatiof its physical and chemical
parameters, especially immunoglobulin and lactofeinom colostrum taken from three
different breeds of cows (Normandy, HolStein, BaltRomaneasca) and half-breeds
from different farms in Alba County. The resultsosled a variation of the whole
composition (especially on the content of IgG an#),Lbased on breeds (the
concentration of IgG decreases from Normandy, tistdm, Baltata and half-breeds). As
far as the link between IgG and calving is concgrnie content of the first one
proportionally increases with age and number ok8irthe animal has given birth. Thus,
the first calving is characterized by 67.80 mg/m&) whereas for the fourth one this
value increased to nearly 99.01 mg/ml (mean value)

For reasons related to the spatial distributiothefanimals we chose the bovine
colostrum collected from the Holstein breed (831 @ ml IgG and 315 355 mg/| LF).
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2. EVALUATION OF THE EFFECT OF THE MANUFACTURING
PROCCES CONDITIONS ON THE ACTIVE SUBSTANCES (VITAMI NS,
IMMUNOGLOBULIN, AND LACTOFERRIN)

In order to keep the active substances (immunogjlobactoferrin and vitamins)
intact in the liquid colostrum, we choose to geteethe powder in freeze — dry process.
Because the manufacturing process involves dryirg r@latively low temperature, we
conducted some tests to evaluate the degree diprbenaturation in variable conditions
(variation of temperature and rotational speed)order to optimize the process of
preparing the raw material. We observed that us@eC, the degree of denaturing of
IgG is relative small (about 13%) and increase®ver 50%, when the temperature
reaches 70C. A higher speed of rotation produces a significdecrease in the
percentage of fat but also of the somatic cell®(®0%),which improves the quality of
the colostrum.

4. OPTIMIZATION OF THE WET - GRANULATION PROCESS OF
COLOSTRUM POWDER

After the freeze — dry cycle, the powder presemgedr physical characteristics
(fluffy and electrified aspect, low density of 0g2/ml, a Carr index over 35 and low
flowability), witch creates difficulties in usinchis product in practice, especially for
mixing or compression. For this reasons, were pegpad formulations witch contained
different types of excipients (starch, lactose, rotellulose crystalline, PVP but also
combinations of them) and different concentratimisalcohol. The purpose of this
experiment was to evaluate the degree of proteinatdeation (especially of
immunoglobulin) determined by the effect of alcolmmbined with the temperature
used for drying. We also designed and tested ametliod for determination of proteins
from solid milk products in the laboratory. The ukts, using this method and a classic
one, were analyzed by one — way ANOVA test.
Following all the analysis, we found that the degoé protein denaturation is less than
25% when 40% alcohol is used in combination witr@dt (as excipient). The alcohol
presence significantly increases the ratio of gieswhhaving more than 650 microns in
diameter, and reduces the microbial load of thelpech

5. STABILITY STUDY ON COLOSTRUM POWDER AND ON SOME DIETARY
SUPPLEMENTS WITH BOVINE COLOSTRUM (TABLETS)

Stability studies involved five samples of bovinewger taken from the same
batch and six batches of tablets (3 batches fromiviahdmuno and 3 batches from
Activit Imuno Forte produced by Aesculap Prod SRIlirgu Mures) with different
concentration of IgG (30 mg and 60 mg per tablégmples were kept under normal
conditions for 6 months (20 £5 ° C, RH = 70 £ 5864 accelerated degradation (40 + 5
°C, RH =70 £ 5%), in the light and in the darkthwand initial analysis followed others
at 7, 14, 30, 90, 140, and 180 days. These testspezformed to determine the shelf life
of colostrum powder, the optimal storage conditjdng also the degree of degradation
over time for the immunoglobulin.

A shelf life of 24 months is accepted for colostrpowder, without major losses
in the main components, but only if the storagedtion are strictly enforced, namely
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tightly packed without air (preferably under anringtmosphere of nitrogen), away from
light, and at temperatures between 160

The denaturing of IgG and LF is more pronouncedsémples kept in the light. A
decrease of IgG concentration of 5.49 % was obdeimesamples kept in light and of
4.80 % for those kept in the dark, respectivelgpiran initial concentration of 27.37%.
So the IgG concentration reaches 21.88% in lightltmns and 22.57% in the dark.

This statement is correct also in the case of fantio, whose levels dropped t01.52% for
samples kept in the light and to 1.70% for thoget ke dark from an initial concentration
of 1.93%.

For the pharmaceuticals samples (tablets), the ositigpn is relatively stable and
can be influenced only by the storage conditionsnidity and temperature). The tablets
should be protected from light and heat, kept iairtloriginal packaging. Denaturing
protein of interest (IgG and LF) can be reducedubing a brown package, for light
protection. This can slow down the process of vitad degradation, which is quite
pronounced for the samples kept under accelerataditions, showing sensitivity to
these substances for light and temperature.

6. OPTIMISATION OF THE NEW INFANT FORMULAE AND ITS
QUALITATIVE AND QUANTITATIVE EVALUATION (VITAMINS, PUFAs,
IMMUNOGLOBULIN, AND LACTOFERRIN CONTENT)

In terms of appearance and organoleptic conditithresmixture of bovine colostrum
and milk powder can be used in practice for infietding. Solubility tests showed that
the product is soluble at a rate of over 98% innwvarater (up to 40C). Optimum mixing
ratio of the two components, so that the mixturgpeets the physico-microbiological
limits imposed by European legislation is milk p@&dcolostrum = 86: 14.

Analyses carried out both in the laboratory of BilRomania) and in the laboratory
of Isigny Sainte Mére (France) showed that the pcodbtained is rich in essential
amino acids, vitamins, and minerals. The ratioidleic and alpha linolenic acids was
determined in France by gas chromatography and réselts showed that both
concentration fall within limits. For the determiimen of vitamins (performed both in
Romania and France), we used chromatographic metldBLC and HPLC — MS)
developed and adapted for the requirements ofribdupt (a complex matrix).

Microbiological conditions were analyzed in Bioebbratory using a standardized
method (purchased from the Romanian Standards s®rcASRO). The result showed
that the product presented a low microbial load ttuéhe high temperature treatment
used in the production of milk powder as well as tisage of alcohol during the
granulation of colostrum.

The new formula will be produce under the name MIAE€T IMMUNITY — a
formula for infants with age between 0 -12 months.
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