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Abstract

Ascorbic acid is a commonly-used food additive permitted in prepacked fresh meat preparations. Consequently,
the addition of this antioxidant is subject to a specific packaging authorization. In this survey 180 samples of not
prepacked fresh meat preparations have been analyzed in order to evaluate the diffusion of not authorized
ascorbic acid additions. The ascorbic acid has been determined by a high performance liquid chromatography
with diode array detection method, validated according to the European Legislation. Quantifiable concentrations
of ascorbic acid (> LOQ = 20.1 mg - kg™") were registered in 33 samples confirming a wide diffusion of not
authorized additions. Moreover, low concentrations not attributable to a additives additions were detected in 14
samples. Ascorbic acid sources (tomato) were declared on the label of these samples. Considering that the
addition of this food additive is generally considered safe, these low concentrations registered may be useful for
the determination of an allowable limit for the ascorbic acid in not prepacked fresh meat preparations.
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1. Introduction

The L-ascorbic acid and its salts (ascorbates) are commonly-used food additives permitted by the actual
Normative in fresh meat preparations (hamburger, fresh sausages and minced meats) (Table 1). The ascorbic
acid is a food antioxidant; the actual European Normative (European Commission, 2011) does not define legal
limits for its employment, it makes reference to an ambiguous “quantum satis”.

This food additive is used in fresh meat preparations because it may exercise the following activities: meat
colour development, inhibition of nitrosamines formation and prevention of oxidation and of colour fading also
during product storage.

The characteristic cured meats colour is obtained by reduction of nitrosometamyoglobin to nitrosomyoglobin.
The oxidation of ascorbic acid to dehydroascorbic acid that occurs when this additive is added to cured meats
may accelerate this reduction (Watts & Lehmann, 1952; Izumi, 1992; Nam & Ahn, 2003). In addition, the
ascorbic acid antioxidant action prevents the myoglobin oxidation to metamyoglobin which has a brown colour
(Hughes, 2003).

The ascorbic acid may prevent the nitrosamines formation in meats through the reduction of nitrate to nitrogen
oxide that does not react with secondary amines to form nitrosamines (Kalus & Filby, 1980; Hotchkiss &
Cassens, 1987; Tannenbaum et al., 1991).

Finally, the lipids oxidation may be retarded because the ascorbic acid addition and the consequent oxidation of
this additive reduces the oxygen available for lipids breakdown (Roig ef al., 1993; Hillstrom et al., 2003).
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Is important to underline that this additive is permitted only in prepacked preparations of fresh minced meat.
Consequently, a specific duty to obtain a food packaging authorization, released by the local health authority,
subsists for the producer.

However, this duty is not respected in several cases. This is especially due to a law misinterpreting. In fact, the
producers do not know the duty to obtain a packaging authorization and then they add this additive in prepacked
products because ascorbic acid is permitted in minced meat preparations by the actual Normative (Paturzo &
Bizzozero, 2001; lammarino et al., 2010).

In this work 180 samples of not prepacked fresh meat preparations (hamburger, fresh sausages and minced meats)
were analyzed in order to evaluate the extent to which not authorized ascorbic acid addition is diffused.

The ascorbic acid has been determined by a high performance liquid chromatography with diode array detection
method, validated according to the European Legislation.

In many samples low concentrations of ascorbic acid, not attributable to an additive addition, were detected.
These concentrations were elaborated in order to evaluate a value that may be suggested as maximum admissible
limit for ascorbic acid in not prepacked fresh meat preparations.

2. Materials and Methods

The investigation was performed on 180 samples of not prepacked fresh meats preparations (hamburger, fresh
sausages and minced meats) composed of pork, cow, horse, chicken and mixed meats.

The samples were collected on several markets located in Foggia (Italy) during the period June 2010 —
November 2011. Two replicates of each sample were analysed and the ascorbic acid contents were evaluated as
mean of two measurements.

2.1 Chemicals and working standard solutions

L-Ascorbic acid (>99.0%) and sodium acetate anhydrous were supplied by Sigma-Aldrich (Stenheim, Germany).
Phosphoric acid (85.0%), acetic acid glacial and acetonitrile of HPLC grade were purchased from J.T. Baker
(Deventer, Netherlands). Potassium phosphate monobasic (>98.0%) and potassium phosphate bibasic (>98.0%)
were supplied by Carlo Erba Reagenti (Milan, Italy). All solutions were prepared in ultrapure water with a
specific resistance of 18.2 MQ-cm, supplied by a Milli-Q RG unit, Millipore (Bedford, MA, USA).

2.2 Sample preparation

A 4-g portion of sample (different types of fresh meat preparation), homogenized by blade homogenizer, was
mixed with 40 mL of phosphate buffer 10> M pH 3.5, obtained dissolving 1.36g of potassium phosphate
monobasic and 1.74g of potassium phosphate bibasic in 1000 mL of ultrapure water and then correcting the pH
value to 3.5 by addition of phosphoric acid. The mixture was vortexed for one minute. After centrifugation for 5
min at 250 x g at room temperature, the supernatant was filtered through Whatman No. 40 filters (Whatman,
Springfield Mill, UK) and then about 1.5 mL were filtered through Anotop 10 LC, 0.2 pm, 10 mm filters
(Whatman, Springfield Mill, UK) directly in vial prior to chromatographic analysis.

2.3 Apparatus and method

The chromatographic method for the determination of ascorbic acid in meat products was optimized starting
from a chromatographic separation proposed by Phenomenex (Torrance, CA) (Phenomenex Inc., 2011) that
employs the Reversed Phase Liquid Chromatography coupled with UV-Diode Array Detection (UV-DAD)
(Iammarino & Di Taranto, 2011). All the chromatographic separations were performed on a HPLC system,
Waters™ 2690 Separations Module (Milford, MA) equipped with a Waters™ 996 PDA Detector (Milford, MA),
a micro vacuum degasser, an autosampler and a column compartment. The chromatographic column was a Luna
C18 column (250%4.6 mm i.d., particle size 5 um. Phenomenex, Torrance, CA) equipped with a HILIC Security
Guard Cartridge (4x3.0 mm. Phenomenex, Torrance, CA), operating at a flow-rate of 1.5 mL min™' following the
gradient elution of acetonitrile, water and acetate buffer 100 mM, pH 5.8 described in table 2.

Acetate buffer was obtained dissolving 7.708g of sodium acetate in 1000 mL of ultrapure water and then
correcting the pH value to 5.8 by addition of glacial acetic acid.

The absorbance signal was detected at 260 nm. Setting the acquisition wavelength range from 200 to 500 nm, the
diode array detector allows to obtain the ascorbic acid absorbance spectrum. It is possible to compare the
spectrum of sample with the spectrum of a standard solution and increase the method selectivity though this
comparison.
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2.4 Validation procedures

The analytical method optimized for the ascorbic acid determination in meat products was validated by an
in-house validation model, following the Thompson harmonized validation guidelines (Thompson et al, 2002)
which describes the analytical parameters to appraise to assure the method reliability in agreement with
Regulation 882/2004/EC (European Commission, 2004) and Decision 657/2002/EC (European Commission,
2002).

The parameters evaluated were linearity, specificity, detection and quantification limits (LOD and LOQ),
accuracy, ruggedness and measurement uncertainty.

The method linearity was verified by the injection, on three different days, of three series of standard solutions at
ascorbic acid concentrations of 12.5, 25, 50, 100 and 200 mg - L. The linearity was verified for each calibration
curve and for the mean curve verifying the determination coefficient values (r*), higher than 0.990, where
standard deviations of slope and intercept are estimated at the 95% confidance level (Table 3). A chromatogram
of an ascorbic acid standard solution at a concentration of 50 mg - L™ is reported in figure 1 with related
absorbance spectrum.

The limit of detection (LOD) and quantification (LOQ) were elaborated according to the following equations:
LOD= 3.3s,/b and LOQ= 10s,/b (Miller & Miller, 1993), where s, is the standard deviation of the intercept and b
is the slope of the linear regression. LOD and LOQ values of 6.6 mg - kg™ and 20.1 mg - kg™, respectively, were
obtained (Table 3).

The method specificity was demonstrated by analysing 20 fresh meat samples (5 cow, 5, pork, 5 horse and 5
chicken) and verifying the absence of interfering peaks in the retention time-window of interest (£2.5% of
ascorbic acid retention time). In Figure 2 a chromatogram of a blank fresh meat sample is shown; the ascorbic
acid is well separated from endogenous compounds under the optimized gradient elution, and the chromatogram
is interference-free in the time-window of elution of the analyte.

Repeatability and recovery (accuracy) were evaluated by performing tests on three sets of blank cow fresh meat
samples (six replicates each) fortified with ascorbic acid at concentrations of 50, 500 and 1000 mg kg™'. The
analyses were executed on different days by the same instrument but different operators (Intermediate Precision).
The precision (expressed as CV%) and the recovery percentages obtained are reported in Table 4. By
comparison with maximum standard deviations admitted by Horwitz equation, as reported in Decision (EC) No.
657/2002, the method precision was demonstrated. The recovery percentages, in the range 80-110% (reference
range indicated in Decision (EC) No. 657/2002 for mass fraction > 10 pg kg™') demonstrated the method
trueness.

Method ruggedness under major changes conditions was evaluated by using the Youden factorial experimental
design (Youden & Steiner, 1975). The seven factors chosen as variables for Youden test were the matrix and six
fictitious factors. Consequently, the Youden experimental design requires twelve independent experiments: four
with validation matrix (cow fresh meat) and four with each testing matrices. Different types of fresh meat
samples: 4 pork, 4 horse and 4 chicken, fortified with 500 mg - kg™ of ascorbic acid were analysed. The analyses
of alternatives matrices (pork, horse and chicken fresh meats) gave a calculated standard deviation of difference
(Spi) lower than the estimated method precision (Sp= 8.0), evaluated as twice the repeatability standard
deviation of cow fresh meat samples at a fortification level of 500 mg - kg™'. These results confirmed that the
matrix variation has no effect on the analytical performances and consequently the method is also applicable to
pork, horse and chicken fresh meat samples.

The estimation of the measurement uncertainty is compulsory for laboratories accredited ISO 17025
(International Organization for Standardization, 2000). Several approaches have been proposed for the
determination of this parameter (EURACHEM/CITAC, 2000), in this work the bottom-up method using the data
obtained from each step of the analytical procedure was used (Hund et a/, 2001). The measurement uncertainty
was calculated on the basis of the uncertainties propagation law, by the equation:

a=V@(©)+@w))+m)
Where 1 indicates the relative uncertainty, C is the analyte concentration in matrix, V¢ is the final extract volume
and w is the sample weight. The determination of G(C) was performed considering four uncertainty sources: (a)
standards preparation; (b) method repeatability; (c) method recovery; (d) calibration curve. A relative expanded
measurement uncertainty of 5.6% was obtained by using a coverage factor k of 2, corresponding approximately

to a 95% confidence level. This parameter confirmed the method reliability and the laboratory technical
competence in the quantitative determination of the ascorbic acid in meat products.
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3. Results and Discussion

The results of the analyses performed on 180 samples of cow, pork, horse, chicken and mixed fresh meat
preparations (hamburger, fresh sausages and minced meats), collected in local markets of Foggia (Italy) are
reported in table 5. The samples resulted “positive” for ascorbic acid (> LOQ = 20.1 mg - kg) (33 samples,
equal to 18.3%) were classified into two categories in relation to the measured concentrations.

In the first category, of “not-compliant” (19 samples, equal to 10.6%), the samples with ascorbic acid
concentrations higher than 160.0 mg kg were inserted. These high ascorbic acid concentrations are surely to
attribute to not allowed additive additions.

In the range 41.2 — 160.0 mg kg™ there were no samples with quantifiable concentrations of ascorbic acid, so it
was considerate a second category, of "compliant” (14 samples, equal to 7.8%), including the samples with
ascorbic acid concentrations lower than 41.2 mg - kg™'. It is important to underline the presence of tomato (fresh,
sauce or tinned peeled), reported on the products labels of these samples,.

In Graphic 1 the subdivision into negative, “compliant”, and “not-compliant” samples is shown.

A comparison between two chromatograms related of these two categories of positive samples is reported in
Figure 2.

The fraudulent addition of ascorbic acid in the samples with low concentrations of ascorbic acid (“compliant
samples ) seems not likely. In fact, the ascorbic acid cannot exercise a useful antioxidant activity at these levels.
Reading the products ingredients reported on the labels, it seems more appropriate to attribute such ascorbic acid
residues to the presence of tomato (fresh, sauce or tinned peeled).

Considering that the ascorbic acid addition to foodstuffs is generally considered as safe (FDA, 1979) it is
possible to suggest a maximum admissible level in not prepacked fresh meat preparations, if ascorbic acid
sources (such as tomato) are indicated on the product label.

In order to simplify the identification of this cutoff value, the distribution of the ascorbic acid concentrations
registered is described in Figure 3, (the samples with ascorbic acid concentrations higher then 400 mg kg™ are
not included). It is possible to verify that there are no “compliant” samples that exceed 50 mg kg™ of ascorbic
acid.

Taking into account the distribution of the observed ascorbic acid concentrations, considering the measurement
uncertainty of the method (5.6%) and an appropriate tolerance, it is possible to suggest a maximum allowable
limit of 50.0 mg kg™ in not prepacked fresh meat preparations (in the presence of ascorbic acid sources). Below
this value the sample should be considered as “compliant”.

Numerous cases of not allowed ascorbic acid additions were verified during this survey.

Through this monitoring it was possible to verify that these irregularities are probably not attributable to a real
necessity for the producer, but to a lacking disclosure of the legislation.

In fact, the most part of producers were not informed on the limitations related to the ascorbic acid use, and they
proceed with this additive addition because it is permitted in minced meat preparations by the actual Normative.

Considering the high percentage of positive samples registered there is the necessity to more disclose this duty
law.

4. Conclusions

From a survey of 180 not prepacked fresh meat preparations samples, ascorbic acid concentrations higher than
the method limit of quantification (LOQ = 20.1 mg kg™') were registered in 33 samples. In 19 samples ascorbic
acid concentrations from 160.0 mg kg until to 4170.0 mg kg™, surely to attribute to not allowed additive
additions, were registered. In 14 samples such concentrations were in the range 21.9 — 41.2 mg kg™'. These low
concentrations are probably to attribute to the presence of ascorbic acid sources (such as tomato) in the product.

Considering the high percentage of positive samples registered, there is the necessity to more disclose the duty
law that foresees the obtainment of a packaging authorization for the producer that wants to add ascorbic acid in
prepacked products.

In addition, taking into account the distribution and the percentages of ascorbic acid registered at low
concentration, it is possible to suggest a cut-off value of 50.0 mg kg'. This value may be useful for a future
estimation of a maximum allowable limit for the ascorbic acid in not prepacked fresh meat preparations, if
ascorbic acid sources are present in the product formulation.
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Table 1. Food additives permitted in prepacked preparations of fresh minced meat

E-number Name Maximum level
E 261 Potassium acetate quantum satis
E 262 Sodium acetates quantum satis
E 300 Ascorbic acid quantum satis
E 301 Sodium ascorbate quantum satis
E 302 Calcium ascorbate quantum satis
E 325 Sodium lactate quantum satis
E 326 Potassium lactate quantum satis
E 330 Citric acid quantum satis
E 331 Sodium citrate quantum satis
E 332 Potassium citrate quantum satis
E 333 Calcium citrate quantum satis

Table 2. Gradient elution settings

Time (minutes) %A (Acetonitrile) %B (Water) %C (Acetate buffer)
0.0 90 5 5
2.5 90 5 5
7.5 50 45 5
10.0 50 45 5
11.0 90 5 5
15.0 90 5 5

Table 3. Calibration parameters and decision limits

y=a+bx"”
a+SD b+ SD R?® LOD® LOQ®
(3.5+4.8)10* (92.0 +£0.9)10° 0.9997 6.6 20.1

*y is the peak area of ascorbic acid and x is the concentration in mg - L™.
® Determination coefficient.

¢ Expressed as ascorbic acid in mg - kg™ of sample.
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Table 4. Precision and recovery of the validated method

Ascorbic Acid
CV% Recovery %
(n=06) (n=06)
Fortification Fortification Fortification Fortification Fortification Fortification
level: level: level: level: level: level:
50 mg - kg™ 500 mg - kg™ 1000 mg - kg™ 50 mg - kg™ 500 mg - kg™’ 1000 mg - kg™
3.8 4.0 5.3 100.9 104.0
Table 5. Results obtained by analysing 180 fresh meat preparations samples
Type of fresh meat Meat origin Negative samples “Not-compliant” samples “Compliant” samples
preparation (<LOQ =20.1 mg - kg ™) Concentration range”: Concentration range”:
[160 — 4170] [21.9 —41.2]
1 3
Cow (16) 12 22.6+1.3 23.7+1.3
190.0+10.6 36.6£2.0
2 2
Pork (12) 8 330.0+18.5
223.0£12.5 25.6+ 1.4 29.6+1.7
Hamburger
(59 samples) Chicken (5) 5 0 0
4
1259.0+£70.5 3
Cow/Pork (26) 19 4170.0+£233.5 32.9+1.8 41.242.3
1600.0+89.6 36.7£2.1
200.0£11.2
Cow (13) 11 0 2
W 33.1+1.9 38.742.2
: 2
Pork (30) 25 340.0£19.0  160+9.0
860,048 2 342419 30.0+1.7
Chicken (10) 10 0 0
Fresh sausages
(83 samples)
2 1
Cow/Pork (19) 16 831.04465  830.0+46.5 25.141.4
Horse (7) 5 ! !
256.0+£14.3 21.9+1.2
1
Horse/Pork (4) 3 1015.056.8 0
Cow (5) 5 0 0
2
Minced meat Pork (15) 13 %g%gﬂg‘g 0
(38 samples) : 5 :
Cow/Pork (13) 11 191.0£10.7 0
170.0+9.5
. 1
Chicken (5) 4 331.0£18.5 0

*Expressed as mg - kg of Ascorbic acid + expanded measurement uncertainty percentage.
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Figure 1. Chromatogram of an ascorbic acid standard solution at a concentration of 50 mg L™ The related

absorbance spectrum is shown in the box
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Figure 2. Chromatograms comparison: Blank cow fresh meat sample (A); “Not-compliant” sample: fresh cow/pork
sausage with an observed ascorbic acid concentration of 831.0 mg kg™ (B); “Compliant” sample: cow/pork
hamburger with an observed ascorbic acid concentration of 32.9 mg kg™ (C)
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Figure 3. Distribution of ascorbic acid concentrations observed in positive samples. Values indicated as mg kg™
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