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Abstract

Vitamin C is an antioxidant that can be considered a possible biomarker of oxidative stability in human milk. A high-performance liquic
chromatographic method was developed and validated for determining the total Vitamin C (ascorbic acid and dehydroascorbic acid) and ascc
acid levels in human milk. This method was then compared with an enzymatic method (a Colorimetric technique) for quantifying ascorbic ac
levels. Repeatability and reproducibility were acceptable for all methods. However, the high-performance liquid chromatography (HPL@) technic
provided more satisfactory results than the enzymatic method due to this last method detected 37% less ascorbic acid and does not detel
the total Vitamin C because of the enzymatic method cannot reduce the dehydroascorbic acid (DHA) to ascorbic acid. Furthermore, the HF
method has the added advantages that it requires less reagents and material, and is simpler and less time consuming than the enzymatic ir
In conclusion, the drawbacks of this enzymatic method would justify its substitution for a HPLC method.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Vitamins A, E and C play an important role in antioxidant
activity and immunomodulatiof®,10]. Ascorbic acid (AA) is
In 1997, the American Academy of Pediatrics issued a statethe principal biologically active form but dehydroascorbic acid
menton breast feeding, summarizing its benefits to the infantan@®HA) also exhibits biological activity since it can be easily
the mother, and set forth guidelines for pediatricififjsBreast  converted into AA in the human bod$1-13] Therefore, it is
milk is considered an ideal nutrient for both term and preternimportant to measure both AA and DHA when reporting total
infants up to 6 months of adig], improving host defenses, diges- Vitamin C levels. Vitamin C presents in human milk plays sev-
tion and absorption of nutrients, gastrointestinal function, anctral biochemical roles linked to the functioning of the immune
neurodevelopmeri8]. system. It helps in the maintenance of a natural barrier against
Preterm infants have a reduced antioxidising capddit¥]  infection, stimulates leukocytes for their phagocytic and anti-
and are often exposed to oxidant stress caused by infectiomicrobial activity, augments antibody production and comple-
mechanical oxygen ventilation, intravenous nutrition and bloodnent leveld14] and also enhances synthesis of interfddd].
transfusions. Many of the disorders common to preterm infantsor growth, development and survival, infants need an optimum
including chronic lung disease, necrotizing enterocolitis, presupply of ascorbic acid.
maturity retinopathy and intraventricular—periventricular hem- A survey of infant feeding practices indicated that 40% of the
orrhage are thought to be due to this imbalance between antioraothers who breastfed their infants expressed and stored their
idising capacity and oxidative streg§8]. milk frequently in their home refrigerator/freezer prior to feed-
ing [16]. Such handling and storage of human milk can result in
the loss of components sensitive to oxidation, such as the Vita-
min C[17]. The concentrations of the hydrophilic antioxidants
* Corresponding author. Tel.: +34 93 4024512; fax: +34 93 4035931, ascorbic acid and dehydroascorbic acid in some biological sam-
E-mail address: mclopez@ub.edu (M.C.adpez-Sabater). ples for some time have been considered possible biomarkers
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of oxidative stres$8]. Therefore, AA and DHA could be also many). Theneta-phosphoric acid with a purity of 33.5-36.5%

considered biomarker of oxidation or storage time of the humamvas purchased from Fluka (Buchs, Switzerland).

milk, being it the application of the method. The solvents used, such as HPLC-grade acetic acid,
Several methods have been developed for the estimation aihd HPLC-grade methanol were purchased from Panreac

Vitamin C levels[18]. High-performance liquid chromatog- (Barcelona, Spain) and SDS (Peypin, France), respectively.

raphy (HPLC), using a UV detector is currently the most The commercially available test kit used was purchased from

commonly used technique for the analysis of ascorbic acid ilBoehringer Mannheim, R-Biopharm, Roche. It was a colorimet-

food[12,19-26] Some HPLC methods require electrochemicalric method for the determination of ascorbic acid in foodstuffs

[17,27,28]o fluorimetric detectiof29-31] because of the low and other materials. Tha -dithiothreitol with a purity of 99%

absorptivity of DHA in the ultraviolet range of the spectrum, and the anhydrous citric acid were obtained from Sigma (St.

but the necessary equipment is not always available in hospl-ouis, MO, USA).

tal laboratories. To solve this problem, some authors propose

the previous reduction of DHA to AA usingL-dithiothreitol  2.3. Determination of total Vitamin C and ascorbic acid

[8,17,27,32] The quantification of the latter acid allows an through the HPLC method

indirect estimation of DHA levels. Enzymatic methods using

commercial test kits are also used for determining ascorbic acid Chromatographic measurements were made using a Hewlett-

levels[33—-36] Packard (Waldbrom, Germany) Model 1050 pump system, a
However, several problems are associated with the determin&@Vaters 717 plus Autosampler (Milford, MA, USA), a UV—vis

tion of Vitamin C levels using enzymatic methods, for example detector, SPD-10 AV VP (Shimadzu, Kyoto, Japan) and an

the reduction of dehydroascorbic acid to ascorbic acid canndiP-3365 Series || Chemstation. The analytical column used

be measured, the minor specification of the sample and the lowas a Tracer Spherisorb ODS243250x 4.6 mm |.D., 5um

recovery of the ascorbic acja6]. particle size) protected with a guard cartridge (Tracerg, C
The aim of this study was to developed and validate twobum), both from Tracer Analitica (Tecknokroma, Barcelona,

HPLC methods for the routine determination of Vitamin C con-Spain).

tentin human milk: one for determining the total Vitamin Clevel ~ The aliquots of human milk were thawed to around €24n

(AA and DHA indirectly), and a second for determining only a water bath, protected from light, and then mixed. To analyze

the ascorbic acid level. The HPLC method for ascorbic acidotal Vitamin C content, dehydroascorbic acid was reduced to

determination was then compared with an enzymatic methodscorbic acid witlbL-dithiothreitol. Exactly 30Qul of this mixed

(commercial test kit). human milk and 80Q.1 of pL-dithiothreitol 100 mM were added
into a special centrifuge and filtration tube (Microsep Il MF,
2. Experimental 0.45um from VWR, Barcelona, Spain). The mixture was shaken
mechanically for 30 s and then the tube was kept in a dark room
2.1. Collection of breast milk for 15min. Three hundred microlitres of 0.56% (w/nipra-

phosphoric acid solution was then added and the mixture further
Samples of human milk were collected from both breastshaken for 30 s and centrifuged at°I® (10 min, 3000« g).

by means of a Chicco manual breast pump (CHigdealy), To analyze ascorbic acid, 3Q@ of mixed human milk and
following the manufacturer’s instructions, from four healthy 300wl of 0.56% (w/v) meta-phosphoric acid solution were
mothers aged 20-35 years, at the Extraction Unit of the depar&dded to the same special centrifuge and filtration tube, shaken
ment. Informed consent was obtained from the participatingor 30 s and centrifuged at € (10 min, 3000« g).
mothers. All the mothers had full term pregnancy. Mature With both HPLC techniques, 540 of the filtrate was directly
human milk was collected into sterile opaque bottles duringnjected into the HPLC system. Isocratic chromatographic sep-
the first expression in the morning. The milk from different aration was carried out using a mobile phase of Milli-Q water
mothers was immediately pooled, and aliquots of 5ml wereawith acetic acid (0.1%, v/v) and methanol in a relative propor-
transferred to plastic tubes. This volume was big enough téion of 95:5 (v/v). The eluent flow-rate was 0.7 ml/min and the
allow the analysis for triplicate of both methods in the samecolumn temperature was 26.
day, thus, providing a direct comparison. Until the ascorbic Ascorbic acid was identified by comparing the retention time
acid analysis, aliquots were stored-s80°C for no longer than  of the sample peak with that of the ascorbic standard at 254 nm.

1 month. Quantification was carried out using external standardization.
2.2. Chemicals and reagents 2.4. Determination of ascorbic acid using enzymatic
method

Stock standard solutions were prepared by dissolving ascor-
bic acid in 0.56% (w/v)meta-phosphoric acid solution with Colorimetric measurements were performed on a Spec-
Milli-Q water and stored at 4C. The Milli-Q water was puri- trophotometer UV-vis Model DU520 (Beckman, Fullerton CA,
fied by passing it through a Millipore Compact Milli-Q water USA).
system (Bedford, MA, USA). The ascorbic acid standard with  Ascorbic acid was determined following the commercially
a purity of 99.7% was obtained from Merck (Darmstadt, Ger-available test kit instructions for milk samples. It uses the capa-
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bility of ascorbate to reduce 3-(4,5-dimethylthiazoyl-2)-2,5- 1200007 my
diphenyltetrazolium bromide (MTT) in the presence of the elec- Ascorbic
tron carrier 5-methylphenazinium methosulfate (PMS) at pH 3.5 Acid
to the corresponding formazan molecule, which can be spec- 44000
trophotometrically quantified by means of its light absorbance
in the visible range at 578 nm. For the specific determination
of ascorbic acid in a blank sample assay, ascorbic acid is the
only fraction of the reducing substances present in the sample to 890097
be oxidatively removed by ascorbate oxidase in the presence of
oxygen from the air. Dehydroascorbic acid does not react with

Inthis method, the absorbance differences for both the sample
and blank sample were determined. Then, the absorbance differ-
ences for the blank sample were subtracted from the absorbance
differences for the sampleAf — A1) sample— (A2 — A1) blank
sample). Finally, ascorbic acid concentrations were calculated
with the aid of the extinction coefficient of MTT-formazan,
according to the general equation: 20000

V x MW
C= AA
sxdxvxlOOO(X ) _AJL A

whereC is the concentration g ascorbic acid/l human mbk; > 4 6 8 10 12 min
the final volume (2700 ml); MW, the molecular weight of the
substance to be assayed (176.13 g/mpljhe extinction coef-
ficient for MTT-formazan at 578 nm (16.9 Immdicm™1); 4,
the light path (1.00 cm)y, the sample volume (0.100 ml); and

AA, the absorb diff e (- A le- (A2 —A : ) . B
, the absorbance differences,(— A1) sample- (42 — A1) The resolution of the peak is good, the relative retention time is

blank sample. 3.7 min, and the baseline is stable
The pH of human milk was adjusted to 3.5-4.0 by the addi-™ : . ' S N
The following parameters were determined: linearity, limits

tion of citric acid. All pH measurements were made with a . e .
. : . of detection and quantification, precision and recovery. In order
MicropH 2001 pH meter (Crison, Alella, Barcelona, Spain). : . : . )
to check the linearity of response to ascorbic acid, two linear

The aliquots of human milk were thawed to around°@2 . o
. : regressions were calculated, one for the total Vitamin C deter-
in a water bath protected from light, and then they were

mixed. Specifically, 1 ml of mixed human milk and approxi- mination, and the other for ascorbic acid determinafi@b(e J).

mately 0.01 g citric acid were added into a special centrifugersr’1 ti?‘r;?iirndsamounts ranged from 0.5 to 4i@ml for both deter-
and filtration tube (Microsep II). The tube was then shaken '

mechanically for 10s and centrifuged for 10 min at 3609

at 10°C. Finally, 100ul of the filtrate was used in the test Tablel
kit Linearity, precision and recovery of the HPLC method for the total Vitamin C

(expressed as ascorbic acid) and ascorbic acid determination

40000 1

Fig. 1. Chromatogram of ascorbic acid in human milk. Refer to text for the
HPLC conditions.

Fig. 1 shows the chromatogram of ascorbic acid standard.

2.5. Statistical analysis Total Vitamin C Ascorbic acid
Linearity? (y=ax+b)
The values for ascorbic acid levels reported by the different a: intercept 8663 12149
techniques for each aliquot were compared using paired Stu-?;slore N —3422 —4789
) e A 2: determination coefficient 0.999 0.999
dent'sr-tests. The level of statistical significance was set at 5%.
The results were processed using the statistical package SPBScision il
f Repeatability
10.0 (SPSS, Chicago, IL, USA). Mean (mg/100 ml} S.DP? 4.989+0.13 4.499+0.14
R.S.D. (%) 2.54 3.09
3. Results and discussion -
Reproducibility
Mean (mg/100 ml}: S.DP 4.956+0.18 4.528+:0.18
3.1. Validation of the HPLC method for total Vitamin C and R.S.D. (%) 3.63 4.03
ascorbic acid determination Recover§ (%) 95.064 1.12 95550 1.18

The determination of the total Vitamin C using the HPLC Pgo('ye)d h“mi” m”kgom:';}x twation of ascorbic acidg/m)
. f area or ascorpic acl concentration or ascorpic acl mi).
method was developgd.followmg the methgd described by Furu-, Standard deviation.
sawa, 2001. We optimized the reaction time and the reductore recovery of standard added in human milk expressed as mean

concentration to apply to the human milk. (%) + deviation standard.
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Table 2
Linearity of the HPLC method and enzymatic method

Table 4
Comparison of ascorbic acid percentages between different methods

Linearity (y=ax+b)

Method Ascorbic acid (%)

a b 2
HPLC method Standard linearity in  13.071  —13523 0.999
human mil¢
Enzymatic method Standard linearity in 0.0972  —0.0142 0.998
wateP
Standard linearity in  0.0671  —0.0004  0.998
human milk

a, interceptp, slope;2, determination coefficient.

2 Linear regression from adding ascorbic acid to human milk.a¢ea of
ascorbic acid;x) concentration of ascorbic acigg/ml).

b Linear regression from adding ascorbic acid to watgrtife absorbance
differences of ascorbic acid\A: (A — A;) sample— (A2 — A;) blank sample;
(x) concentration of ascorbic acigg/ml).

¢ Linear regression from adding ascorbic acid to human mi#, the
absorbance differences of ascorbic acii: (A2 — A1) sample— (A, —Aj)

HPLC method using the linear regression from adding 100
ascorbic acid to watér

HPLC method using the linear regression from adding 97
ascorbic acid to human mik

Enzymatic method using the linear regression from 83
adding ascorbic acid to wafer

Enzymatic method using the linear regression from 91
adding ascorbic acid to human nfilk

Enzymatic method using the Kit equatfon 63

Percentage with different letters differ significantiy<0.05).

The conversion of dehydroascorbic to ascorbic acid was effi-
cient because we realized different proofs: we reduced, with
pL-dithiothreitol, a standard solution of DHA:AA (50:50) and

blank sample;x) concentration of ascorbic acidg/ml). we proved the conversion was 98%.

Detection and quantification limits were calculated according’.2. Comparison between the HPLC method and enzymatic
to the USP criterid37] by analyzing a number of blank sam- method for ascorbic acid determination
ples and calculating the standard deviation of the background
response. Multiplying the standard deviation by 3 and 10 pro- The HPLC and enzymatic methods for ascorbic acid deter-
vides estimations of the limits of detection and quantificationmination were compared. Ascorbic acid levels determined using
respectively. For ascorbic acid determination, these were 3 artle enzymatic method used the general equation and linear
9 ng, respectively. regression. Specifically, two linear regressions were prepared
Precision was expressed as the relative standard deviatiarsing the enzymatic technique. One plotted the addition of
(R.S.D.) of replicate measurements. The repeatability was estalmcreasing amounts of ascorbic acid to Milli-Q water, while the
lished by injecting the human milk six times. The reproducibility other plotted the addition of the same amounts of ascorbic acid
was determined by analyzing each sample of human milk on sito human milk. The two linear regressions were linear over the
different days.Table 1shows precision results calculated for range 0.5-%.g/ml. For the ascorbic acid determination using the
both HPLC analyses. These results met the acceptable precisibliPLC method, a linear regression was also plotted with human
standards proposed by Horwii#8] for analyte concentrations milk. This was linear over the range 0.5-30§/ml (Table 2.
with a range of 10-50 ppm. The precision of the enzymatic method and HPLC method
Analyzing a sample five times and comparing the analyti{using the linear regression from adding ascorbic acid to human
cal result to the known added value showed the recovery of theilk) was expressed as the relative standard deviation of repli-
method. For estimating the ascorbic acid levels, human millcate measurements. The repeatability and reproducibility were
samples were spiked with ascorbic acid at two fortification lev-determined the same way as for the HPLC method for total Vita-
els, 50 and 100% of the estimated initial ascorbic acid amountmin C determinationTable 3shows precision results. These
The recovery percentages were satisfactory for ascorbicesults also met the acceptable precision standards proposed by
acid measurement, using the HPLC techniques. The resultdorwitz [38].
obtained were acceptable because of these were of 95 and 96%The HPLC method gave comparable results for linearity in
(Table 1. water and human milKTgble 4, and we did not find any signifi-

Table 3
Precision of the HPLC and enzymatic methods for ascorbic acid determination

HPLC method Enzimatic method

Standard linearity in human milk Standard linearity in water Standard linearity in human milk Test Kit equation

Repeatability
Mean (mg/100 mi}S.D? 4.321+0.13 3.700t0.10 4.148+0.15 2.877#0.10
R.S.D. (%) 3.12 2.76 3.52 3.55
Reproducibility
Mean (mg/100 ml} S.D2 4.346+0.18 3.630t0.15 4,106t 0.19 2.848t0.13
R.S.D. (%) 4.07 4.03 4.53 4.56

Pooled human milk from = 4.
2 Standard deviation.
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the latter method giving lower valuesgble 4. Thus, whereas 4] G.0. Georgeson, B.J. Szony, K. Streitman, Eur. J. Obstet. Gynecol.
the HPLC method nearly completely recovered a given ascor- Reprod. Biol. 103 (2002) 136.
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