COMPENDIUM OF INTERNATIONAL METHODS OF WINE AND MUST ANALYSIS
Organic acids and sulphates (capillary electrophoresis) (Type-1l-and-Ill)

0IV-MA-AS313-19 Determination of the principal organic acids of
wines and sulphates by capillary electrophoresis

Type II method (for organic acids)
Type III method (for sulphate)

1. Introduction

Tartaric, malic and lactic acids and sulphates are separated and assayed by capillary
electrophoresis after simple dilution and addition of an internal standard.

2. Title

Determination of the principal organic acids of wines and sulphates by capillary
electrophoresis

3. Scope

Capillary electrophoresis can be used to assay the tartaric and malic acid in musts, as
well as the tartaric, malic and lactic acids and sulphates in wines that have been
diluted, degassed and filtered beforehand if need be.

4. Definitions

4.1. Capillary electrophoresis

Capillary electrophoresis: all the techniques that use a capillary tube of very small
diameter with an appropriate buffer solution to effectively separate small and large
electrically charged molecules in the presence a high-voltage electric current.

4.2. Buffer for electrophoresis

Solution containing one or more solvents and aqueous solutions with suitable
electrophoretic mobilities to buffer the pH of the solution.

4.3. Electrophoretic mobility
Aptitude of an ion to move quickly under the effect of an electric field.
44. Electroosmotic flow

Flow of solvent in the buffer solution along the internal wall of the capillary tube due
to displacement of the solvated ions under the effects of the field and the electric
charges of the silica.

5. Principle

Separations of the aqueous solutions of a mixture by capillary electrophoresis are
obtained by differential migrations in a buffered electrolyte referred to as a buffer.
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The electrophoresis takes place in a silica tube with an inside diameter ranging
between 25 and 75 pm. The aqueous solutions to be separated are simultaneously
driven by 2 forces that can act in the same direction or in the opposite direction.
These two forces are caused by the electric field and the electroosmotic flow.

The electric field is represented by the voltage in volts applied between the electrodes
brought to within one centimetre of the capillary tube, and is expressed in V.cm™.

Mobility is a characteristic of ions. The smaller the molecules, the greater their
electrophoretic mobility.

If the internal wall of the capillary tube is not coated, the negative electric charges of
the silica fix part of the cations of the buffer. The solvation and displacement towards
the cathode of part of the cations of the buffer create the electroosmotic flow. The pH
of the buffer and additives can be chosen in order to control the direction and the
intensity of the electroosmotic flow.

The addition of a chromophoric ion in the buffer can be used to obtain negative peaks
that quantitatively represent the solutions to be separated which do not absorb at the
used wavelength.

. Reagents and products

6.1. Chemically pure grade products for analysis at least at 99%
6.1.1. Sodium sulphate or Potassium sulphate
6.1.2. L-tartaric acid

6.1.3. D,L- malic acid

6.1.4. Monohydrated citric acid

6.1.5. Succinic acid

6.1.6. D,L Lactic acid

6.1.7. Sodium dihydrogenophosphate

6.1.8. Sodium gluconate

6.1.9. Sodium chlorate

6.1.10. Dipicolinic acid

6.1.11. Cethyltrimethyl ammonium bromure
6.1.12. Acetonitrile for HPLC

6.1.13. Deionized ultra filtered pure water
6.1.14. Sodium hydroxide

6.2. Solutions

6.2.1.  Calibration stock solution
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Solution in pure water (6.1.13) of different acids and sulphates to be measured (6.1.1 to

6.1.6) at exact known concentrations ranging between 800 and 1200 mg 1"
Solution to be kept at +5° C for a maximum of 1 month
6.2.2. Internal standard solution

Solution of sodium chlorate (6.1.9) at approximately 2 g 1" in pure water (6.1.13)
Solution to be kept at +5° C for a maximum of 1 month

6.2.3. Calibration solution to be injected

In a graduated 50-ml class "A" flask using class "A" pipettes, deposit:

¢ 2 ml of calibration solution (6.2.1)
¢ 1 ml of internal standard solution (6.2.2)
¢ Adjust solution to 50 ml with pure water (6.1.13)

Homogenize by agitation

Solution to be prepared each day

6.2.4. Sodium hydroxide solutions

6.2.4.1. Sodium hydroxide solution M

In a 100-ml flask place 4g of sodium hydroxide (6.1.14)
Adjust with pure water (6.1.13)

Shake until completely dissolved.

6.2.4.2. sodium hydroxide solution 0.IM

In a 100 ml flask place 10 ml of sodium hydroxide M (6.2.4.1)
Adjust with pure water (6.1.13)

Homogenise.

6.2.5. Electrophoretic buffer solution

In a graduated 200-ml class "A" flask, place:

¢ 0.668 g of dipicolinic acid (6.1.10)

¢ 0.364 g of cethyltrimethyl-ammonium bromide. (6.1.11)
e 20 ml of acetonitrile (6.1.12)

e Approximately 160 ml of pure water (6.1.13)

e Shake until complete dissolution (if need be, place in ultrasound bath to
eliminate any aggregated material)
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¢ Bring M sodium hydroxide solution M (6.2.4.1) to pH 5.64 and then 0.1M sodium
hydroxide (6.2.4.2)

e Make up to 200 ml with pure water (6.1.13)
e Homogenize by agitation
¢ Solution to be prepared each month.
e Store at laboratory temperature.
This buffer can be replaced by equivalent commercial product.
7. Apparatus

The capillary electrophoresis apparatus required for these determinations basically
comprises:

e A sample changer
e Two bottles (phials) containing the buffer

¢ A non-coated silica capillary tube, internal diameter 50 yum, length 60 cm,
between the inlet of the capillary tube and the detection cell. Depending on the
apparatus, an additional 7 to 15 cm are required so that the outlet of the
capillary tube is immersed in the centre of another bottle

A high voltage DC power supply capable of outputting voltages of -30 to + 30
kV. The electrodes immersed in the two bottles where the outlets of the capillary
tube emerge are connected to the terminals of the generator

e A pressurization system capable of circulating the buffer in the capillary tube
and enabling the injection of the test specimen

e A UV detector

¢ A data acquisition system

8. Preparation of samples for tests

8.1. Degassing and filtration

The samples rich in carbon dioxide are degassed for 2 min with ultra-sound. Turbid
samples are filtered on a membrane with an average pore diameter of 0.45 pm.

8.2. Dilution and addition of internal standard
Place 2 ml of sample in a graduated flask of 50 ml. Add 1 ml of internal standard
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solution (6.2.2). Adjust to 50 ml with pure water (6.1.13)

Homogenize.
9. Procedure
9.1. Conditioning of a new capillary tube (for example)

¢ Circulate pure water (6.1.13) in the opposite direction (from the outlet of the
capillary tube towards the inlet flask) for 5 min at a pressure of approximately
40 psi (2.76 bar or 276 kPa)

e Circulate 0.1M sodium hydroxide (6.2.4.2) in the opposite direction for 5 min at
the same pressure

e Circulate pure water (6.1.13) in the opposite direction (from the outlet of the
capillary tube towards the inlet flask) for 5 min at the same pressure

» Repeat the cycle of circulating pure water, 0.1M sodium hydroxide , pure water
e Circulate electrophoretic buffer (6.2.5) in the opposite direction for 10 min

9.2. Reconditioning a capillary tube in the course of use (optional)

e When the quality of the separations becomes insufficient, new conditioning of
the capillary tube is essential. If the results obtained are still not satisfactory,
change capillary tube and condition it.

9.3. Checking the quality of the capillary tube (optional)

e Analyse 5 times the calibration solution under the recommended analysis
conditions.

9.4. Separation and detection conditions (for example)
e Light the detector lamp 1 hour before the start of the analyses

¢ Rinse the capillary tube by circulating the buffer for 3 min in the opposite
direction at a pressure of 40 psi

e Pressure inject the samples (prepared at 8.1) at 0.5 psi for 6 to 15 seconds
e The polarity is regulated such that the anode is on the detector side

e Apply a voltage from 0 to 16 kV in 1 min then 16 kV for approximately 18 min
(the duration of separation can slightly vary depending on the quality of the
capillary tube)
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Maintain the temperature at + 25 C°

Detection in the ultraviolet is at 254 Nm

Rinse the capillary tube by circulating the electrophoretic buffer (6.2.5) for 2
min in the opposite direction at a pressure of 40 psi

Change the electrophoretic buffer (6.2.5) contained in the inlet and outlet flasks
at least every 6 injections

5. Order that the analyses are to be carried out (for example)

Change the electrophoretic buffer (6.2.5) for every new series of analyses

The sequence of analysis in order contains:Analysis of reference material (external
concentration sample known for different acids to be measured)

Analysis of samples prepared in 8.2,chromatograms should look like those presented
in appendix A

At the end of analysis, rinse with pure water (6.1.13) 10 mm in opposite direction (outlet
of capillary tube toward the inlet)

Switch off detector lamp

10. Calculation of results

The calculations are based on the surface areas of the peaks obtained after
integration.

The surface areas of the peaks of the aqueous solutions of the calibration solution
(6.2.3) are corrected by taking into account the variations in the surface areas of the
peaks of the internal standard. The response factor for each acid is calculated.

The surface areas of the peaks of the internal standard and the peaks of the aqueous
solutions are read off for each sample. The surface areas of the aqueous solutions to
be assayed are recalculated by taking into account variations in the surface areas of
the peaks of the internal standard a second time in order to obtain "corrected" surface
areas.

The corrected surface areas are then multiplied by the value of the corresponding
response factor.

It is possible to use an automatic data management system, so that they can be
controlled in accordance with the principles described above as well as with the best
practices (calculation of response factor and / or establishment of a calibration
curve).

Calculation formula
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The abbreviations used to calculate the concentration in an acid are given in the
following table:

Surfaces are expressed by the whole numbers of integration units.
The concentrations are given in g/L (only indicate to two decimal places).

ABBREVIATIONS

REFERENCE SOLUTION SAMPLE
SURFACE AREAS OF B SaE
TITRATED PEAKS
INTERNAL STANDARD Soin S
PEAKS
CONCENTRATION Ein Cx

The calculation formula is:

Car X Sag X Sgir
Sar X Sgpip

E_'=

Whenever possible, a duplicate analysis is used to highlight a possible error in the
recognition of the peaks or inaccuracy of integration. The sample changer makes it
possible to carry out the analyses in automatic mode day and night.

11. Precision

111 Organization of the tests

Interlaboratory trials and correspondent results are described in appendix Bl and B2
11.2. Measurement of precision

Assessement of precision by interlaboratory trials

Number of laboratories involved: 5
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Results expressed mmg /L
TARTRIC MALIC LACTIC

ACID ACID ACID
Average valies of concentrations
1325 1354 1013
Average valies of standard deviations 35 54 42
t1 rep eatabiliy
Average valies of standard deviations BT 113 47
1 reproduc ity

12. Appencides

Appendix A: Electrophoregram of a standard solution of ACI
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Appendix Bl

Statistic data obtained from the results of the interlaboratory trials (2006)

According to ISO 5725-2:1994, the following parameters have been defined during an
interlaboratory trial. This trial has been conducted by the laboratory « Direction
Générale de la Consommation et de la Répression des Fraudes de Bordeaux (France). »

Year of interlaboratory trial: 2006
Number of laboratories: 5

Number of samples: 8 double-blind (2 dry white wines, 2 sweet white wines, 2 rosé
wines and 2 red wines)
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INTERLABORATORY TESTE
Determinatien of TARTRIC ACID by capillary ele etrepharesis
ldentification of the sample diry white KUOTOUES rosé vines red wines

WS wihite wanes
A+D B+C E+F G+H I1+J K+L M+N O+P

Wumber of laboratories taking part I = 1 51 5 1 51 £ 1 5 [ 501 &5 |
4
Wumber of resulls accepied | 5 | 51T 4 1 5] 5] & ] 4] 5 |
Average valus in mgl | to42 J2583] 1440 | 255 | 553 ] 1285 [ 1373 ] 1148 |
Ascepted valus inmgl [543 [ 25821 1387 [ 2217 | 1877 | 1582 | 1270 | 1830 |
Siandard deviation of repeatabdity (Sr) | 27 | 258 J 108 | 22 ] 40 | 31 | 35 | 24 |
Repeatablity coefficient of vasiation | 14 JTie] 77 J 1o ] 22 ] 18 [ i8] 13 |
Limit of repeatablity { 1) [ 77 T 7o J 22 T &8 JT a] ed |70 ] 88 |
Standard deviation of reproducibdity (SR) [ 88 T 128 T 174 J 80 | 57 J 65 | 82 | 52 |
Re.:.:-':-:.: pillty coefficent of variaon [ 48 | &8 Jn2a 3] 3 |35 [ a8] 28 |
Ruproducibity bmit { R ) [ 386 Jasp | a8 [T a3 180 [ 184 [ 148 | 148 ]
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INTERLABORATORY TESTS
Determinatieon of MALIC ACID by eapillary eleetrepheresis
ldentification of the sample dry wihile Iquorous MasE Wines red wanes
wines wihite wines

A+D B+C E+F G+H I1+J K+L M+N O+F
Mumber of laboratones taking part | & | s 1 & | &1 & | s [ &1 & ]

4
Mumbser of results acoepied | & | 51 &5 | § 1 & | 5[ 41 5 ]
Average valie inmg! (2571 |0 | iee0 | 2500 | 2=a [2ioe | 172 1 850 |
Azzepied vakee inmgl (2571 |icoe | 800 | 25ie | o0a [ oioe | 107 | &5e |
Sandard deviation of repeatability (3 [ 54 | % [ 1R [ 35 | & [ ] T O] 32 |
Repeatabdity coefficient of vanaton [ 21 [ 12167 | 14 [ 1.7 | 52 [ 41 | 37 |
Repeatability Bmit { r) (st | 54 | 215 | 99 | 170 | 205 | 20 | 29 |
Standard devialion of reproducibdity (SR} | 80 | 51 [ 1A | &5 [ e [ 142 | 31 | 5 |
Reproducbility coafcsnt of vanation | 138 [ 88 | 41 Jawad [ 147 ] & [1a1 ] 78 |

- a

Limil of reprocheibdy { R ) | @52 [ 142 | 4% | @73 | 7@ | agr | B [ 148 |
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INTERLABORATORY TESTS
Determination of LACTIC ACID by capillary electropheresis
resulls in magll
Sam ple identification diry white U SOUs rose Wines red wines
Yane s il WS
A+D B+C E+F G+H I+J K+L M+N O+FP
Mumber of laboratoriestakingpant [ 8 | 5 | & | 8 | 5 | &5 | 5 | 5 |
q
Mumber of resulis acoepied | 4 [ & ] & 1 & [ &§6 1 5§ 1 41 & |
Auverage valus mmg/ | 858 [1324 | 258 | 255 | 553 | 1885 | 2088 | 1148 |
Booepizd valus inmgh [®50 ] 1324 | 258 [ 255 | 652 ] 18EG J20ee | 1148 |
Standard deviafion of repeatabiity (S¢) | 20 | 42 | 20 | 3% | I [ & | 5 [ 18 |
Repeatabiity coeficient of variation [ 31 [ 32 | 78 J151 ] 48 | 53 J 37 | 1680 |
Repeatabiity Bmit {r ) | & [1i7 ] 58 | 108 | 75 | 278 [ 291 | 458 |
Standard deviation ofreproducibiity (SR) | 20 | 42 [ 20 | 3% | 27 | & | 75 | 18 |
Reproducibility coeficient of variaion [ 126 | 88 | 41 [ g [ 147 ] % Ji41 ] 78 |
Reprod usibity Bmit{ 7 ) [Zay |2 | 2 [ 282 | 207 | &5 J &2 | 242 ]
Appendix B2

Statistic data obtained from the results of the interlaboratory trials (sulphates 2010)

According to ISO 5725-2:1994, the following parameters have been defined during an
interlaboratory trial. This trial has been conducted by the laboratory “Instituto dos
Vinhos do Douro e do Porto (Portugal)”

Year of interlaboratory trial: 2010-2011

Number of laboratories: 7 (one laboratorysent two sets of results obtained by means
of two different instruments)

Number of samples: 6 double-blind
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White Paed B Red Ligquor | Liquer White Fed Liquer
ITI.d.I: o woe S i wine wine wine whe RELES T wWwine
e | BRI pan | Ew | oo | e | om (L)
Mwriber of groups T 7 6 T B T 7 T B
Numiber of repetitions
Minimum (gL it
K50 I 34 w | o I 1,08 138 I I
Maxmumi{gL - A5 . e = i " = s -
K500 0,88 o | o5z 140 1,35 170 730 185
Rapeatabiliey 1 1 1 16 063 13 38 1 oS3
Variation &
Inmrgroup variation |, oyag | 9905 :-:;'E 0,00055 | 001852 | 001087 | 000668 | 0,00744 | 003557
Repuoduc Inlity 00034 | opolg | o002 | ooase | 00122 | ootoz | oolee | 00408
VATAtoD 5a
Memm (2L 1502 0 | o4 | 044 | om | L 1,49 s | 241
Standard deviation of
Repeatability 0,04 0,03 | 0o 0,04 0,08 0,04 0,06 0,04 0,07
(ELE-50.
Limitr (g LE:500 | o000 | ooes | ool | o115 | o2x | olos | al7e | olos
Fepeaatability OV 5% 8% 3% % 4% 3% 4% Fa 3%
Standard deviation of
Feprodue bility 005 | 006 | o004 | o008 0l | ou 0,10 0l | 020
(el E:50.)
Limit B (g/L K-50.) 0,148 0,185 o118 0,132 0,454 0,312 0287 0,389 0572
Reprodus biliy CV T4 4% | 10% T 8% G Tha Fia 8%
HORRAT 1] 21 1.5 1] 1,6 1.7 1,3 13 1,7
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