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ABSTRACT

In the present work, malondialdehyde (MDA) levalinfant formulae (IF), human and cow milks werenitared
using the thiobarbituric acid method (TBA-test)hatitird derivative spectrophotometry and the deiation with
2,4-dinitrophenylhydrazine followed by HPLC-DAD &sas. We compared these two detection methodseaptol
different clean-up procedures in order to evalugteir applicability and improve the recovery yieldad the
detection limit. Different commercial types of imfdormulae, cow and human milks were analysed. dlitained
results showed high reproducibility and precision Iboth analytical methods and evidenced the ingrar¢ of the
correct clean-up procedure. Some of the appliedreiep procedures allowed obtaining quantitativeoneery yields
and better results, with a good overlapping betwrentwo tested analytical methods. Infant milkrfolae showed
MDA levels of 380-410 ng'gwhile in human milk 230-340 nglgevels were found. The formula with hydrolyzed
proteic fraction (HA), the long chain polyunsatwdtfatty acids (LC-PUFA) added formula and two amik
samples were also analysed, permitting to demotestthe extensibilityand the effectiveness of the adopted
methods.

Keywords. Malondialdehyde, infant formulae, TBA-test, thirderivative spectrophotometry, HPLC-DAD
derivative method.

INTRODUCTION

Malondialdehyde (MDA) is one of the major secondaxidation products formed from the breakdown abp&les

that are usually indicated as primary oxidationduas. MDA is a low molecular weight, secondarydaract of the

hydroperoxides fragmentation, a marker of the gy of the lipid autoxidation process [1] and adsdangerous,
mutagenic and genotoxic molecule [2-4]. Becausétoklectrophilic nature, it is very reactive towaramino

groups of proteins and neurotransmitters, nucleidsaand thiolic groups [5-7] and it is able toypkn important
toxicological role. Besides its toxicity, MDA detan in food and tissues is relevant because isajrthe most
useful and simple approaches to estimate the a@gtenfthe oxidative proce$8-10].

Autoxidation represents a limit for all fat/oil daming food. The lipid deterioration process leddsloss of
nutrients, sometimes specifically added to imprabhe nutritional value of the food, as in the cade o
polyunsaturated fatty acids in infant formulae [1Elurthermore the formation of off-flavours makesd very
unpleasant, with the generation of very complextones of radicalic, toxic and dangerous compoungslied in
many human deseases [12].

For this reason it is of great importance to préyead oxidation both using all the manufacturinggedures that
limit the contact with oxygen and inhibit oxidatiaturing storage with synthetic or natural antioxidaadded
during the food preparation [13].
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In this context, it appears of great interest teehanalytical methods that permit to evaluate tkteresion of the
autoxidation process [8,14]. According to us, amtmg different available methods, the most impdrtares are
based on MDA detection, because it is one of tfs fnolecules to be formed, thus representingniiali step of
autoxidation and for this reason MDA is often ussdan index of the beginning of the whole procksparticular
way we consider it of paramount importance in fdedoted to early childhood.

Precedent studies of the oxidative processes mninfilk formulae are reported in the literatur&,[6]. The
interest on this topic is due to several reasanfant formulae have a high lipid component and esent the only
food for non breastfed babies, without any possdilernative. Furthermore newborns are more expdsed
toxicological risks than other people [17]. Finaljuropean law [18] completely lack of indicatiatsout the limits
of accepted autoxidation in such delicate dietetals.

Infant formulae are prepared from cow milk adaptingo the requirements of newborns, so its contpmsiis
deeply modified. Many components, for example pobaturated fatty acids and long chain polyunsatdrédtty
acids (LC-PUFA), are added to make it as similap@ssible to human milk. The enrichment in unsatardipids,
although considered essential for the neuronalldpugent of babies, especially prematures [19,2@ly increase
significantly the possibility of autoxidation ofdke products. Human milk is produced and immediated directly
consumed, without any contact with air and heattt@ncontrary infant milk formulae are producedhwitrocesses
requiring several heating steps, packaged anddstitienvo years. Heating steps and storage coowiticould begin
the deterioration of the PUFA-rich lipid phase bé tinfant formulae, with consequent loss of fooaliqy and
formation of potentially toxic substances.

As previously said, MDA is a perfect marker for theginning of the autoxidation process. Moreover M&asily
forms coloured and easy to detect products forti@agvith other molecules. The well known TBA-tekgsed on
the spectrophotometric quantification of the pinignpent formed from the condensation of MDA with two
molecules of 2-thiobarbituric acid, is one of thesnused methods to detect malondialdehyde in &maibiological
samples [21,22].

However this rapid and simple method has been dftdajected to criticism by several authors thatsater the
results overestimated because not absolutely spé&mifMDA [23,24].

To evaluate the extent of this overestimation drel limit of its applicability, in the present woekcomparative
evaluation was made between the third derivatieetspphotometric procedure (thiobarbituric acid moel; TBA-
test) and the derivatization with 2,4-dinitrophdmydrazine followed by HPLC-DAD analysis [23-26].fierent
commercial types of infant milk formulae were arsal¢t together with bovine and human milks. Differelein-up
steps, extraction procedures and analytical methodee applied. This investigation allowed verifyirige
reproducibility and accuracy of the procedures.tli@mmore the contents of malondialdehyde in cowkmil
characterised by a very low unsaturated lipid foagtand in human milk, the golden standard fordieg of
newborns, were compared with the levels found farihformulae.

EXPERIMENTAL SECTION

2.1.Chemicals and Samples

Trichloroacetic acid (TCA), thiobarbituric acid (B butylated hydroxyl toluene (BHT),1,1,3,3
tetrametoxypropane (TMP), 2,4-dinitrophenylhydrazi(DNPH) and ammonium acetate were purchased from
Sigma—Aldrich (Deisenhofen, Germany), bovine trggsom Roche Holding LTD (Basel, Switzerland), listdled
water, acetonitrile anai-hexane for HPLC from Carlo Erba (Milan, Italy). |Aleagents and solvents were of
analytical or HPLC grade.

The infant milk formulae and the bovine milk sangoleere commercially available on the market. Tleslirhuman
milk was kindly given as a gift. All cow and humarilk samples were freeze-dried and stored frozeil tive
analysis.

2.2.Instrumentation
A UV spectrophotometer Lambda 40 (Perkin Elmer ajlitaly), with 1 cm absorption cell and a scagrspeed of
120 nm mirft, was used for all measurements.

A freeze-drier LIO5P (Cinquepascal, Milan, Italyaswused for cow and human milk samples.

HPLC apparatus (Perkin Elmer, Milan, Italy) was magh from a Series 200 pump and a 235C diode datgctor,
equipped with a Lichrospher 100 (Agilent TechnoésgiGeneva, Switzerland) C18 column (250 x 4,6 rbm |
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5um) was employed for HPLC analyses; data acquisiind processing were carried out with a PerkimeEl
Totalchrom software.

2.3. Preparation of malondialdehyde standard solusi

Stock standard solutions of MDA were prepared kg &ydrolysis of TMP. Solutions of TMP (70 mg) in10N
HCI (10 ml) were stirred for 5 min at 100°C andnifwaiickly cool down to room temperature. Workindusions of
MDA were prepared by diluting aliquots (1 ml) ofetlstock solutions with water. These working sohsiavere
used for the calibration curves and the recovepegrents.

2.4. Spectrophotometric analysis

1 ml of the MDA working solution, prepared as pmsly described, was mixed with 1.5 ml of 5% aqedCA
and 1.5 ml of 0.8% aqueous TBA. The solutions weceibated for 30 min at 70°C in a screw cappediéatid
then analysed by third derivative spectrophotométrihe range 580-500 nm, at a scan speed of 120nim.
Reaction mixtures no containing MDA were used asikl

The calibration curve, obtained by plotting theueabf peak height at 526 nvs MDA concentration in ng'§ had
correlation coefficient R= 0.9997; it was expressed by: y = 9°30+ 1.0 10° and was obtained in the range 100-
2000 ng . The detection limit was 28g g* and quantisation limit was 78 ng.g

Each recovery experiment was performed in tripticaty two different operators, spiking with diffatemounts of
MDA.

2.5. HPLC-DAD analysis
1 ml of the work solutions was mixed with 1 ml afdistilled water at 40°C, 0.7 ml of 5% aqueous T&#d 0.7 ml
of 0.8 % BHT inn-hexane. The obtained solution was processed dsd@pectrophotometric analysis.

Two calibration curves were prepared. Calibratianves were obtained by plotting the value of pasda at 307
nm vs MDA concentration in ng and were obtained in thage 100-2000 ng”g The first, withn-hexane as
extracting solvent, had a correlation coefficierft :R0.9827 and was expressed by: y = 3,5156x - 1,886
detection limit was 30 ng'y The second, with diethyl ether as extractingesal, had a correlation coefficient R
0.9992, Wgs expressed by y = 4,24x + 10,193 andobtsned in the same range. In this case the tifatelamit
was 5 ng g.

Identification was based on the retention time @MDNPH adduct. Each recovery experiment was pearéat in
triplicate by two different operators, spiking wilifferent amounts

All the recovery yields were calculated as repoitethe literature [22].

2.6. Sample preparation
Preliminary hydrolysis experiments, when necessang sample preparation were carried out as prshiou
described [16].

In the centrifugation experiments, 2.00 g of samjpkated as described before, were centrifuged3bat 800 rpm.
The top hexane layer was discarded, the cloudyum@xtvas heated for 20’ at 70°C and then centrifuagadn in the
same conditions. The aqueous layer, containingub® particles, was filtered and the residue washed with
water; the filtered solution and the washing watere collected up to a final volume of 25 ml.

In the ultracentrifugation experiments 1.00 g ahpie was weighed (in a ultracentrifuge screw cappeftbn tube)
and 5 % aqueous TCA (4 ml) and 0.8 % BHT in n-hexgh5 ml) were added. The mixture was manuallkeha
and then ultracentrifuged for 15’ 8000 rpm (T = 10°C). The top hexane layer was disd the mixture was
heated for 20 min at 70°C and then ultracentrifuggain in the same conditions. The aqueous laysrfitared and
the residue was washed with water; the filtereditsm and the washing water were collected up fioa volume
of 10 ml.

1 ml of the solutions obtained after the centritiya or ultracentrifugation steps, was mixed wit@% aqueous
TBA (1.5 ml) and 5% aqueous TCA (1.5 ml) and indeldafor 30 min at 70°C in a screw capped bottleth&tend
the solutions were analysed by third derivativecto@hotometry against a blank reaction mixturg.[10

The clean-up procedures were simplified for humdak samples. In this case the heating step wasawtired and
only the centrifugation or ultracentrifugation steps performed.
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For HPLC-DAD analysis, a 0.1 g sample was weighedn ultracentrifuge screw capped Teflon tube amnad bf
bi-distilled water at 40°C, 0.7 ml of 5% aqueousAT@&nd 0.7 ml of 0.8 % BHT im-hexane were added. The
mixture was manually shaken and then ultracenteifugs’ at8000 rpm The top hexane layer and the proteic phase
were discarded, the aqueous solution was addedOaitiml of 1 mM DNPH in HCI 2N, incubated for 60 mt
room temperature and then extracted four times Withl of hexane or diethyl ether. After evaporatithe dry
residue was dissolved with 0.1 ml acetonitrile/wd&@/50 v/v. Analyses were carried out injectingl2®f sample

in isocratic mode, using as eluant 50 mM ammonaaetate/acetonitrile (55/45, viv) at a flow-rafelonl min™

and monitoring at 307 nm.

Each experiment was replicated four times by twiedint operators: rsd % were calculated for alsimgpeated
experiment and for different procedures appliethtosame sample

RESULTSAND DISCUSSION

Four infant milk formulae (samplesla,2,3), two “high quality” cow milks 4,4a) and two human milk samples
(5,6), were submitted to different clean-up procedwsiesl analysed for their MDA content by two analytica
methods: the conventional spectrophotometric pracedthiobarbituric acid method, TBA-test) applieith third
derivative differentiatiorand the derivatization with 2,4-dinitrophenylhydrez followed by HPLC-DAD analysis.
The chosen formulae were representative of thiéereint classes of products: samfilandla were standard infant
formulae, sampl@ was a HA-formula having the proteic fraction paliyi hydrolyzed; sampl& was a formula
enriched with LC-PUFA, besides vegetable oils Hratalways used in the formulations. The two co¥k samples
(4 and 4a) were “high quality” products with a lipid conterB.5%, according to the Italian law. The last two
samples were of human milk: samplelerived from the % lactation week (transition milk), sampederived from
the 12" and the 1% lactation weeks (mature milk). The lipid contehiab the analysed samples was comparable, at
least in weight.

The samples were submitted to different clean-ugeuiures before the determination of MDA, with #im of

obtaining better recovery yields. Recovery expentaavere performed at least in triplicate on eaatmge in all

the different applied procedures. MDA content dftlaé samples was determined before and afterpikéng with

different levels of the analyte. Results obtainedhie recovery experiments performed on sarfipdee reported in
Table 1.

Table 1. Recovery experimentson sample 1

WORK.UP added MDA found MDA — initial MDA RECOVERY*
(ng g) (ng g) %
1719 1202 — 219 = 983 57
1724 1201 — 219 = 982 57
1243 928 — 219 = 709 57
1233 959 — 219 = 740 60
CENTRIFUGATION 688 T97 _219-378 =5
683 588 — 219 = 369 54
281 373 -219 =155 55
279 373 - 219 = 156 56
1713 1477 — 244 = 1233 72
1718 1481 — 244 = 1237 72
1456 1251 — 244 = 1007 69
1460 1257 — 244 = 1013 69
ULTRACENTRIFUGATION 1328 1079 — 244 = 835 63
1309 979 — 244 =735 56
675 662 — 244 = 418 62
684 661 — 244 = 417 61

*Recovery yields % are calculated as: (found ngflgA) — ( initial ng/g MDA) /added ng/g MDA

As shown, different levels of spiking were testett aall the resulting data are consistent with ayveigh
reproducibility. When MDA was spectrophotometrigalletected after a simple centrifugation step.cavery yield
of about 57% was achieved. The recovery yield figantly increased from 57 to 66% when an ultrad&mgation
step was introduced. However, the comparison odehesults, taking into account the recovery, slowsagh
reproducibility not only for the recovery yieldsside the same set of experiments, but also for M®#&I in the
sample.
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Milk powder
TCA, BHT
[ Enzimatic hydrolysis
Centrifugation
or ultracentrifugation

[ Removal of organic phase ]4
Heating
70°C, 20’

[ Removal of proteic phase ]4
'd . . N\
Centrifugation
or ultracentrifugation
N\ y,
Filtration in a
tarred flask
N\ y,
'd ) N\
Withdraw
+ TBA, 70°C, 30’
N\ y,

[ Spectrophotometric analysis J

Figure 1. Infant milk formulas and cow milk samples clean-up for spectrophotometric analysis

Recovery experiments carried out on each samplevesthdhighly reproducible results; the recovery yiel@o)
reported inTable 2,3,4 take into account the whole set of done experimémit were used to estimate the real
content of MDA in the analysed milks. MDA valuesriected on the basis of the previously calculatsbvery
yields, are also reported. As an example, in tise od sampld, the base value of 219 ng @Table 1) becomes 384
ng g* taking into account the recovery of 57% (Jeable 2, centrifugation), while the base value of 244 g g
(Table 1) becomes 370 ng’gconsidering the mean recovery of 66% obtained withultracentrifugation of the
sample Table 2).
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Human milk powder
TCA, BHT
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Centrifugation
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Figure 2. Human milk samples clean-up for spectrophotometric analysis

Table 2. MDA levelsfound with centrifugation or ultracentrifugation by third derivative spectrophotometric

analysis
MDA* (ng g™)) +SD MDA* (ng g*) = SD
SAMPLE | CENTRIFUGATION REC?VERY ULTRACE(I\I'IgRgIF)UGATION RECOVERY
Yo %
rsd% rsd%

1 384+2.0 0.5 57 37026 0.7 66
la 429 + 12.0 2.8 83
2 1495 + 10.5 0.7 60 1418 + 25.5 1.8 63
3 878+0.9 0.1 63 550+2.8 0.5 82
4 198 £ 6.9 3.5 55 185+8.7 4.7 93
4a 200 +3.8 1.9 72
5 227 +3.4 1.5 52 239+33 1.4 62
6 323+13.9 4.3 47 340+17 50 63

*MDA levels are corrected taking into account tleeaovery %.

As shown inFigure 1 (infant formulae and cow millkdndFigure 2 (human milk), in the first applied work-up, two
centrifugation steps were combined with a thirdivdgive spectrophotometric analysis, obtaining ey yields
quite low (47-60%, mean of 56%). When two ultracéuigation steps were employed, the recovery yietde of
10-20% (average recovery yields of 73%).
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With the aim to further improve the recovery yieltlgdrolysis experiments of the proteic fractionrevperformed
(Table 3). In fact, proteic coagulation represents a carigtaoblem in the clean-up of milk, both in the agion
and in the filtration step. If samples were prefianily submitted to an enzymatic hydrolysis withvime trypsin
[16], an overall simplification of the proceduresnvabtained. Sampl2 being a HA formula specially designed for
babies allergic to the proteic fraction and alrebggrolysed during manufacturing, was not submittetlydrolysis.

Table 3. MDA levelsfound with centrifugation or ultracentrifugation after hydrolysis by third derivative
spectrophotometric analysis

MDA* (ng g7) + SD MDA* (ng g™7) +SD
SAMPLE HYDROLYSIS RECOVERY HYDROLYSIS RECOVERY
CENTRIFUGATION % ULTRACENTRIFUGATION %
rsd% rsd%

1 386 £4.2 1.1 71

la 425+ 4.2 1.0 87

3 791 +£3.2 0.4 75

4 170 £0.3 0.2 67

4a 182 £ 1.6 0.9 80

5 250 £ 1.7 0.7 84 223 £3.1 41. 88

6 355 +1.4 0.4 80 337 £5.0 51 86

*MDA levels are corrected taking into account tleeaovery %.

When proteic hydrolysis is combined with centriftiga steps, a significant increase of the recovwgejds took
place. On the contrary when hydrolysis was combittedltracentrifugation, smaller increments werdagied,
probably because the ultracentrifugation assuredsime phase separation as the hydrolysis andfagation
combined together. Different results were obtawéti human milk (sample5,6). In this case, hydrolysis increased
much more the recovery yields from 47-63% to 80-88%th with the centrifugation and ultracentrifugatsteps.
These results could be explained taking into accthendifferent proteic composition of human milihe limited
presence of caseins in human milk makes the cagé#ifon step sufficient for the separation, anditéinthe
improvement obtained introducing the ultracentréftign step.

The cleaned-up milk samples were submitted tora tiérivative spectrophotometric evaluation of Mx&els at
527 nm [10]. Comparable levels of MDA were foundhe sample4 andla (standard formulae, 370-430 ng MDA
g') as well as in the sampldsand4a (cow milk, 170-200 ng MDA §). The relative standard deviations were
always good, with a maximum of 4.7% for sampl@hen cleaned-up with ultracentrifugationaple 2).

Excellent rsd% (respectively of 5.2 and 3.8%) wedb¢ained for sampleS,6 tested with all the four procedures.
Overall the results showed a good agreement bettieeiound levels of MDA for all the samples, excepmple3
probably for problems due to the clean-up procedunet not to the derivatization with the thiobarkitacid or to
interference in the spectrophotometric analysis.

Table 4. MDA levelsfound with HPL C-DAD analysis after extraction with n-hexane or diethyl ether

MDA* (ng g&) + SD MDA* (ng g7) + SD
n-HEXANE DIETHYL ETHER
SAMPLE | HPLC-DAD ANALYSIS REC%VERY HPLC-DAD ANALYSIS REC%VERY
A=307nm A=307nm
rsd% rsd%

1 363+ 18.9 52 81

1a 371£52 14 100
2 1417+793 56 91

3 563 + 25.8 46 80

Z 175 14.0 8.0 71

4a 186105 56 96
5 239+ 2.0 08 76 221+14 60, 9%

6 340 £ 1.0 03 69 321£20 60 98

*MDA levels are corrected taking into account tleeaovery %.
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The same milk samples were submitted to HPLC-DARcheination of MDA, after derivatization of thisstawith
2,4-dinitrophenylhydrazine (DNPHEigure 3).

The derivatization step carried out at room temjpeeatogether with the chromatographic separat&j, [allowed
to by-pass the problem of potential interferentd BA-test raised by some authors [23,28]. Samplesewleaned-
up with only one step of ultracentrifugation. Evierthese cases, many recovery experiments wererpstl and
good reproducibility was achieved. Recovery yieldere always higher than 70%, thus giving betteulteswith

respect to the previously applied clean-up procedur

The results of the chromatographic analysis, cdraet after hexane or diethyl ether extraction, r@eorted in
Table4.

Milk powder
TCA, BHT

N
Ultracentrifugation

\§ J
Removal of organic s
and proteic phases
DNPH
20°C, 60’
J

[ Solvent extraction

[ Solvent evaporation‘]<

Residue
+ ACN-H,O 50:50

[ HPLC analysis }

Figure 3. Clean-up for chromatographic analysis

The extraction with diethyl ether allowed reachiigher recoveries respect to those obtained wikame Even in
this case, however, the different recovery yieldsndt represent a problem for the data reproduigibiHPLC
analysis allowed lowering the limit of quantitatilom 80 ng g-1 of the spectrophotometric method3® ng &
and 5 ng g, respectively for extraction with hexane and djedther.

HPLC analysis gave better results in term of reppwgelds and quantification limits; it was perfoedh after a
simplified and faster clean-up, even if a longendifor the analytical procedure was required. Meegothe
comparison between MDA levels found with TBA-testlaDNPH derivatisation evidences that the resuksia a
good agreement to each other, so demonstratingaagzuracy for both methods, except in the casamples.

All the collected data, reported ihable 5, well evidence the accuracy and the reproducgjbiit the adopted
procedures.
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Table 5. Comparison among all obtained results

1 |1a| 2 | 3] 4 |4a]| 5] 6 average
recovery yield*
centrifugation +
spectrophotometric | 384 1495| 878 | 198 227 | 323
analysis
rec% 57 60 | 63 | 55 52 | 47 56
ultracentrifugation +
spectrophotometric | 370 | 429 | 1418| 550 | 185| 200 | 239 | 340
analysis
rec% 66 | 83| 63 | 82| 93| 72 | 62 | 63 73
hydrolysis +
centrifugation + 386 791 | 170| 182 | 250 | 355
spectroph. analysis
rec% 71 75| 67| 8 | 84 | 80 76
hydrolysis +
ultracentrifugation + 425 223 | 337
spectroph. analysis
rec% 87 88 | 86 87
hexane
extraction + 363 1417| 563 | 175 238 | 343
HPLC-DAD analysis
rec% 81 91 | 80| 71 76 | 69 78
diethyl ether extraction +
HPLC-DAD analysis 371 186 221 322
rec% 100 96 | 95 | 98 97
average
ppb MDA 376 | 408 | 1443 182 | 189 | 233 | 337
rsd%** 291 79| 3.1 6.8| 5.0| 48| 3.7

*for each adopted proceduré;*for each analysed sample

The average recovery yield value reported fortal inethods shows an increase from 56% to 97%,nmafsim
centrifugation steps combined with spectrophotoimeinalysis to ultracentrifugation steps combinéthwliethyl
ether extraction and chromatographic analysis.

Moreover, for all the samples, an average leveM@&fA content is reported. The comparison among thizse
demonstrates that, independently of the applie¢quore and the analytical method, an identical Mizdue is
found with very high reproducibility (rsd% 2.9-7.9%howing the validity of both the analytical pedltres.

The only significant exception is represented by tiC-PUFA added formula, sampe in which not comparable
levels of MDA were found when different proceduvesre adopted. In this case, the clean-up seenaycammore
relevant role respect to the other milk sampless likely that this kind of formula enriched wittC-PUFA was
deeply modified during the two centrifugation step<l5’ at not controlled temperature even in thespnce of the
antioxidant BHT. When these steps were substitwté@t ultracentrifugation (two steps of 15’ at cmited
temperature of 10°C), the found level of MDA desesh to 550 ng 4 (Table 5, ultracentrifugation +
spectrophotometric analysis). This value agreek thi¢ level of 563 ng found with the ultracentrifugation clean-
up procedure followed by the HPLC-DAD analysis, vehthe heating at 70°C is not required.

Analogous results should be expected for the humi#itnsamples where the LC-PUFA contents are conipart
those of infant formul®&. Surprisingly in this case the same MDA levelseviaund adopting all the six procedures,
so demonstrating the higher stability of human natimpared to the formulated milk. Maybe naturalstaibce
present in human milk could play protective role towards autoxidation processarg case much more samples
should be analysed in order to confirm results laymbthesis.

Overall it is evident that, if the clean-up of mikk correctly applied, the analytical procedure doet affect the
final result so that the same MDA levels are gajmeth the only exception of LC-PUFA enriched infdarmulae.
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As a consequence, if an accurate clean-up is abplie spectrophotometric method could be safedg disr routine
analysis of milk samples when HPLC analysis isawvatilable.

CONCLUSION

Derivatization with DNPH followed by HPLC-DAD andaig, respect to spectrophotometric with third dstiixe
analysis, is an excellent procedure for MDA tradetection in milk, because it does not need hedteagment and
allows obtaining a lower limit of quantitation aadbetter recovery yields, especially when diethibeis used as
extracting solvent.

However, the results obtained in the present whdwsthat also the quick and versatile spectrophetdmmethod
can be used for MDA detection in milk with a goattaracy.

In particular, in order to get accurate resultshvitie TBA-test, great attention must be paid torithture of the
analysed samples, choosing the appropriate cleaprapedure and avoiding long treatment at uncdettol
temperature, especially when the organic phastlligiesent and milk is reach in polyunsaturatgids. Indeed,
the reported data suggested that the applied clpanfluences the validity of the spectrophotontetriethod for
milk analysis, with the best pre-treatment repremgrby the fast ultracentrifugation step at low penature.
Obviously, this method could be applied to otherdfonatrices only after an accurate study of the@pyate clean-
up, that depends on the complexity of the analysettix.

REFERENCES

[1] YE Sun; WD Wang; HW Chen; C LCrit. Rev. Food Sci. Nutr.2011, 51 (5), 453-466.

[2] H Huang; PA Dooley; CM Harris; TM Harris; MP Storghem. Res. ToxicoR009, 22 (11), 1810-1816.

[3] LJ Niedernhofer; JS Daniels; CA Rouzer; RE Greéddylarnett.J. Biol. Chem 2003, 278 (33), 31426-31433.
[4] LA Vanderveen; MF Hashim; Y Shyr; LJ Marnd®roceedings Nat. Acad. S&2003, 100 (24), 14247-14252.
[5] S Arguelles; A Machado; A. Ayal&ree Radic. Biol. Med2009, 47, 324-330.

[6] M d’Ischia; C. Costantini; G. Prot8iochim. Biophys. Actd 996, 1290, 319-326.

[71 R Pamplona; E Dalfo; V Ayala; MJ Bellmunt; J PriaEerrer; M Portuero-Otinl. Biol. Chem.2005, 280 (22),
21522-21530.

[8] F. Shahidi; UN Wanasundarfaood Sci. Technol. Int1996, 2 (2), 73-81.

[9] HH Draper; AS Csallany; M Hadleffree Radic. Biol. Med 2000, 29:11, 1071-1077.

[LO]NA Botsoglou; DJ Fletouris; GE Papageorgiou; VN &impoulos; AJ Mantis; AG Trakatellig. Agric. Food
Chem, 1994, 42, 1931-1937.

[11] R Uauy; P Mena; A Llanos; P.Peirano. Dietary Posaturated Fatty Acids for Optimal Neurodevelopment
Preventive Nutrition: The comprehensive guide faalth Professional Third Edition, Bendich and Ddbkem
2005, 665-687.

[12]HF Poon; V Calabrese; G. Scapagnini; DA ButterfidldSerontol. A Biol. Sci. Med. S&004, 5, 478-493.
[13]S Mandal; S Yadav; S Yadav; RK NendaChem. Pharm. Rg£009, 1 (1), 102-104.

[14]F. Shahidi; UN Wanasundataood Sci. Tech2002, 117 Food Lipids, Marcel Dekker, 465-487.

[15]S Giammarioli; AM Lammardo; E Sanzini; G Bellomorf®v. Sci. Alim 1997, 26 (2), 80-88.

[16]S Cesal. Agric. Food Chem?2004, 52, 2119-2122.

[17]1M Hirata-Koizumi; R Hasegawa; H. Akihiko; M Em@en. Appl. Toxig 2009, (3rd ed.), John Wiley, 4, 2041-
2054,

[18] European Commission Directive 2006/141, GU L401132006.

[19]B Koletzko; M Rodriguez-Palmero; H Demmelmair; Nllér; R Jensen; T Sauerwalgarly Hum. Dev2001,
65, Suppl. S3-S18.

[20] A Lapillonne; SE Carlsort;ipids, 2001, 36, 901-911.

[21] R Guillen-Sans; M Guzman-Chos&sit. Rev. Food Sci. Nutr1998, 38(4), 315-330.

[22]F Fenaille; P Mottier; RJ Turesky; S Ali; PA Guly.Chrom. A2001, 921, 237-245.

[23] O Korchazhkina; C Exley; SA Spencér.Chrom. B2003, 794, 353-362.

[24]J Liu; HC Yeo; SJ Doniger; BN AmeAnal. Biochem 1997, 245, 161-166.

[25]P Bermejo; P. Gomez Serranillos; J Santos; E PaBtoGil; S. Martin-AragonGerontology,1997, 43, 218-
222.

[26] GA Cordis; DK Das; W Riedell. Chrom. A1998, 798, 117-123.

230



