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Foreword

Foreword

The Compendium of International Methods of Wine Analysis was first published in
1962 and re-published in 1965, 1972, 1978, 1990 and 2000; each time it included
additional material as approved by the General Assembly and produced each year
by the Sub-Commission.

This edition of Compendium of International Methods of Wine and Must Analysis
includes all material as approved by the General Assembly of representatives of the
member governments of the OIV, revised and amended since 2000.

The Compendium plays a major part in harmonising methods of analysis. Many
vine-growing countries have introduced its definitions and methods into their own
regulations.

Regulation (EC) No 479/2008 lays down that the analysis methods for establishing
the composition of the products covered by that Regulation and the rules for
checking whether those products have been subjected to processes in violation of
authorised oenological practice are those recommended and published by the OIV
in the Compendium of International Methods of Analysis of Wines and Musts. In
Regulation (EC) No 606/2009 to ensure greater transparency, it was stated to
publish at Community level (C Series of the Official Journal of the European
Union) the list and description of the analysis methods described in the
Compendium of International Methods of Analysis of Wines and Musts of the
International Organisation of Vine and Wine and applicable for the control of
vitivinicultural products.

In this way the European Union recognises all of the methods in the Compendium
and makes them binding in all Member States, confirming the close collaboration
established between the EU and the OIV.

Thus, through its leading role in the harmonisation of methods of analysis, the
Compendium contributes to facilitating international trade. With the International
Code of Oenological Practices and the International Oenological Codex, it
constitutes a body of considerable scientific, legal and practical benefit.

OIV-MA-INT-01 1
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Acetaldehyde

Method OIV-MA-AS315-01 Type IV method

Acetaldehyde
(Resolution Oeno 377/2009)

1. Principle

Acetaldehyde (ethanal) in carbon decolorized wine, reacts with sodium
nitroferricyanide and piperidine and causes a green to violet color change whose
intensity is measured at 570 nm.

2. Apparatus

Spectrophotometer permitting measurement of absorbance at a wavelength of
570 nm with a 1 cm optical cell path.

3. Reagents

3.1 Piperidine solution, (CsH11N) 10% (v/v).
Prepare just before use by mixing 2 mL of piperidine with 18 mL of distilled
water.

3.2 Sodium nitroferricyanide solution, 0.4% (m/v).
In a 250 mL glass volumetric flask, dissolve 1 g of pulverized sodium
nitroferricyanide, Na; [Fe(CN)s NO].2H,0 in distilled water and make up to
volume.

3.3 Activated carbon

3.4 Dilute hydrochloric acid, 25% (v/v)

3.5 Alkaline solution

Dissolve 8.75 g of boric acid in 400 mL sodium hydroxide solution, 1 M.
Make up to 1 L with distilled water.

4. Procedure
4.1 Sample

Place approx. 25 mL of wine in a 100 mL Erlenmeyer flask, add 2 g of
activated charcoal. Shake vigorously for a few seconds, allow to stand for 2
minutes and filter through a fluted slow filter to obtain a clear filtrate.

OIV-MA-AS315-01 : R2009 1
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Place 2 mL of the clear filtrate into a 100 mL Erlenmeyer flask, add, while
shaking, 5 mL of the sodium nitroferricyanide solution (3.2) and 5 mL of the
piperidine solution (3.1). Mix and place the mixture immediately into a 1 cm
optical cell. The coloration produced, which varies from green to violet, is
measured with reference to air at a wavelength of 570 nm. This color change
increases then decreases rapidly; measure immediately and record the
maximum value of the absorbance that is obtained after about 50 seconds. The
concentration of acetaldehyde in the liquid analyzed is obtained using a
calibration curve.

Note: If the liquid analyzed contains excess free acetaldehyde, it will be necessary,
before beginning the total acetaldehyde determination, to first combine it with sulfur
dioxide. To achieve this, add a small amount of excess free SO, to a portion of the
liquid to be analyzed and wait for an hour before proceeding.

4.2. Preparation of the calibration curve
4.2.1 Solution of acetaldehyde combined with sulfur dioxide

Prepare a solution of between 5 to 6% (m/v) sulfur dioxide and determine the
exact strength by titrating with 0.05 M iodine solution.

In a 1 L glass volumetric flask, add a volume of this solution which
corresponds to 1500 mg of sulfur dioxide. Introduce into the flask, using a
funnel, about 1 mL of acetaldehyde distillate recently distilled and collected in
a cooling mixture. Make up to 1 liter with distilled water. Mix and allow to
stand overnight.

The exact concentration of this solution is determined as follows:

Place in a 500 mL Erlenmeyer flask, 50 mL of the solution; add 20 mL of
dilute hydrochloric acid (3.4) and 100 mL water. Titrate the free sulfur
dioxide using a solution of 0.05 M iodine with starch as indicator, stopping at a
faint blue end point. Add 100 mL of the alkaline solution, and the blue
coloration will disappear.  Titrate the combined sulfur dioxide and
acetaldehyde with 0.05 M iodine until a faint blue end point is reached: let n be
the volume used.

The acetaldehyde solution combined with SO, contains 44.05 n mg of
acetaldehyde per liter.

4.2.2 Preparation of the calibration standards

In five 100 mL glass volumetric flasks, place respectively 5, 10, 15, 20 and 25
mL of the stock solution. Make up to volume with distilled water. These
solutions correspond to acetaldehyde concentrations of 40, 60, 120, 160 and
200 mg/L. The exact concentration of the dilutions must be calculated from
the acetaldehyde concentration of the stock solution (4.2.1) previously
determined.

OIV-MA-AS315-01 : R2009 2



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OIV
Acetaldehyde

Proceed with the determination of acetaldehyde on 2 mL of each of these
dilutions as indicated in 4.1. The graph of the absorbance of these solutions as
a function of acetaldehyde content is a straight line that does not pass through
the origin.

BIBLIOGRAPHY
REBELEIN H., Dtsch. Lebensmit. Rdsch., 1970, 66, 5-6.
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Method OIV-MA-AS315-02A Type IV method

Ethyl Acetate

1. Principle of the methods

Ethyl acetate is determined by gas chromatography on wine distillate using an
internal standard.

2. Method
2.1 Apparatus (see chapter Volatile Acidity).

2.2 Procedure
Prepare an internal standard solution of 4-methyl-2-pentanol, 1 g/L, in ethanol
solution, 10% (v/v).
Prepare the sample solution to be determined by adding 5 mL of this internal
standard solution to 50 mL of wine distillate obtained as indicated in the
chapter on Alcoholic Strength.
Prepare a reference solution of ethyl acetate, 50 mg/L, in ethanol, 10% (v/v).
Add 5 mL of the internal standard to 50 mL of this solution.
Analyze 2 uL of the sample solution and the reference solution using gas
chromatography.
Oven temperature is 90°C and the carrier gas flow rate is 25 mL per minute.

2.3 Calculation
S =the peak area of ethyl acetate in the reference solution.
Sy = the peak area of the ethyl acetate in the sample solution.
| =the peak area of the internal standard in the sample solution.
I =the peak area of the internal standard in the reference solution.

The concentration of ethyl acetate, expressed in milligrams per liter, is given
by:

S
| BV
50xixS

OIV-MA-AS315-02A : R2009 1



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OIV
Ethyl Acetate

Method OIV-MA-AS315-02B Type IV method

Ethyl Acetate

1. Principle of the methods

Ethyl acetate is separated by distillation of wine brought to pH 6.5. After
saponification and suitable concentration in an alkaline environment, the distillate
is acidified and the vapor condensed to separate the acetic acid liberated by
saponification; the acid portion is titrated with the alkaline solution.

2. Method

2.1 Reagents
2.1.1 Sodium hydroxide solution, 1 M
2.1.2 pH 6.5 Buffer solution

Potassium di-hydrogen phosphate, KH2PO,............ 59
Sodium hydroxide solution 1M ..............cc.cccocoeee.... 5O ML
WaALET 10 ..o L L

2.1.3 Crystalline tartaric acid
2.1.4 Sodium hydroxide solution, 0.02 M
2.1.5 Neutral phenolphthalein solution, 1%, in alcohol, 96% (v/v).

2.2 Usual method

Into a 500 mL volumetric flask, place 100 mL of non-decarbonated wine
neutralized with n mL of 1 M sodium hydroxide solution, n being the volume
of sodium hydroxide solution, 0.1 M, used for measuring the total acidity of 10
mL of wine. Add 50 mL of pH 6.5 buffer solution and distill. The distillation
must be conducted using a tapered tube into a 500 mL round-bottom flask
containing 5 mL of 1 M sodium hydroxide solution, on which a mark has been
made indicating a volume of approximately 35 mL. Collect 30 mL of
distillate.

Stopper the flask and allow to stand for one hour. Concentrate the contents of
the flask to approximately 10 mL by placing it in a boiling water bath and
blowing a rapid stream of air into the bowl of the flask. Allow to cool. Add 3
g tartaric acid (2.1.3). Eliminate carbon dioxide by shaking under a vacuum.
Transfer the liquid from the concentrating flask to the bubbling chamber of a
steam distillation apparatus and rinse the flask twice with 5 mL of water.
Steam distill and recover at least 250 mL of distillate.
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Titrate with a 0.02 M sodium hydroxide solution, in the presence of
phenolphthalein.

2.3 Calculation
Let n be the number of milliliters of sodium hydroxide solution, 0.02 M (2.1.4)
used. 1 mL corresponds to 1.76 mg ethyl acetate.
The concentration of ethyl acetate in milligrams per liter is given by:

17.6 xn

BIBLIOGRAPHY
Usual method:
PEYNAUD E., Analyse et contr6le des vins, Librairie Polytechnique Ch.-
Béranger, 1958.
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Method OIV-MA-AS315-03 Type IV method

Malvidin diglucoside

1. Principle
Malvidin diglucoside, oxidized by nitric acid, is converted to a substance that, in
an ammonium medium, emits a vivid green fluorescence in ultraviolet light.

The intensity of the fluorescence of the compound formed is measured by
comparison with the fluorescence of a solution titrated with quinine sulfate whose
intensity of fluorescence is standardized with the malvidin diglucoside reference.

Free sulfur dioxide, which attenuates the fluorescence, must previously be
combined with excess acetaldehyde.

2. Qualitative Examination

2.1 Apparatus
2.1.1 Ultraviolet lamp permitting measurement at 365 nm.

2.2 Reagents

2.2.1 Acetaldehyde solution
Crystallizable paraldehyde ... 10g
Ethanol 96% (V/V) w100 ML

2.2.2 Hydrochloric acid, 1.0 M.

2.2.3 Sodium nitrate solution, 10 g/L.

2.2.4 Ethanol, 96% (v/v), containing 5% concentrated ammonia solution
(P20 = 0.92 g/mL).

2.2.5 Control wine containing 15 mg of malvidin diglucoside per liter.

2.2.6 Wine containing no malvidin diglucoside.

2.3 Method

Into a test tube add:
- 10 mL of wine
- 1.5 mL of acetaldehyde solution

wait 20 minutes.

Into a 20 mL centrifuge tube place:
- 1 mL of wine reacted with acetaldehyde
- 1 drop of hydrochloric acid
- 1 mL sodium nitrate solution

Stir; wait 2 minutes (5 minutes maximum); add:
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- 10 mL ammoniacal ethanol

Treat similarly 10 mL of wine containing 15 mg/L malvidin diglucoside (The
control wine). Stir. Wait 10 minutes and centrifuge.
Decant the clear liquids from the top into calibrated test tubes. Observe the
difference in green fluorescence between the test wine and the control wine
under ultraviolet light at 365 nm.
For rose wines, it is possible to increase the sensitivity using:

- 5 mL of wine treated with acetaldehyde (2.3)

- 0.2 mL hydrochloric acid, 1 M (2.2.2)

- 1 mL sodium nitrate solution, 10 g/L (2.2.3)

- 5.8 mL ammoniacal ethanol (2.2.4)

Treat the control wine in a similar manner.

2.4 Interpretation

Wines that do not fluoresce, or have a distinctly lower fluorescence, than the
control, may be considered to have no malvidin diglucoside. Those whose
fluorescence is slightly less than, equal to, or greater than the control should
have a quantitative determination.

3. Quantitative Determination
3.1. Apparatus
3.1.1. Equipment for measuring fluorescence:
- excitation wavelength 365 nm;
- wavelength of fluorescent radiation 490 nm.
3.1.2. Optical quartz cell (1 cm path length)
3.2 Reagents
3.2.1. See qualitative examination
3.2.2. 2 mg/L quinine sulfate solution

Prepare a solution containing 10 mg very pure quinine sulfate in 100 mL
sulfuric acid, 0.1 M. Dilute 20 mL of this solution to 1 liter with sulfuric acid
solution, 0.1 M.

3.3 Procedure

Treat the wine by the method described in Qualitative examination (2), except
that the aliquot of acetaldehyde treated wine is each case (red wines and roses)
1mL.

Place the 2 mg/L solution of quinine sulfate in the cell, adjust the fluorometer
to the full range (transmission T, equal to 100%) by adjusting the slit width or
the sensitivity.
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Replace this tube with the one containing the test wine: this is the T4 value.

If the percentage of transmission, T is greater than 35, dilute the wine with
wine without malvidin diglucoside whose fluorescence must be less than 6%
(this should be ascertained by previous testing.)

Remarks:

1. Salicylic acid (sodium salicylate) added to the wine for stabilization before
analysis, causes a spurious fluorescence which can be eliminated by an
extraction with ether.

2. Spurious fluorescence is caused by the addition of caramel.

3.4 Calculation
A fluorescence intensity of 1, for wine without SO,, for the operating
conditions above with the exception of the acetaldehyde treatment,
corresponds to 0.426 mg malvidin diglucoside per liter of wine.
On the other hand, red and rose wines, containing no malvidin diglucoside,
give fluorescence corresponding to a T value of the order of 6%.
The amount of malvidin diglucoside in wine in milligrams per liter is
therefore:
11,5
(T, —6) 0,426 x ST (T, —6) x 0,49
If the wine is diluted, multiply the result by the dilution factor.

3.5 Expression of the Results

The amount of malvidin diglucoside is expressed in milligrams per liter of
wine to the nearest whole number.

BIBLIOGRAPHY

DORIER P., VERELLE L., Ann. Fals. Exp. Chim., 1966, 59, 1.
GAROGLIO P.G., Rivista Vitic. Enol., 1968, 21, 11.

BIEBER H., Deutsche Lebensm. Rdsch., 1967, 44-46.
CLERMONT Mlle S., SUDRAUD P., F.V., O.1.V., 1976 n° 586.
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Method OIV-MA-AS315-04 Type Il method

Ethyl Carbamate
(Resolution Oeno 8/98)

Ethyl carbamate analysis in alcoholic beverages: selective detection method by gas
chromatography/mass spectrometry

(Applicable to the determination of ethyl carbamate concentrations between 10
and 200 pg/l).

(Caution: respect safety measures when handling chemical products, ethanol,
acetone and carcinogenic products: ethyl carbamate and dichloromethane. Get rid
of used solvants in a suitable way, compatible with applicable environmental rules
and regulations).

1. Principle

Propyl carbamate is added to a sample as an internal standard, the solution is
diluted with water and placed in a 50 mL solid phase extraction column. Ethyl
carbamate and propyl carbamate are eluted with dichloromethane. The eluate is
concentrated in a rotary evaporator under vacuum. The concentrate is analyzed by
gas chromatography/mass spectrometry using selected ion monitoring mode.

2. Apparatus

2.1 Gas chromatograph/mass spectrometer (GC/MS).  With selected ion
monitoring (SIM), and data handling system. An autosampler is desirable.

2.2 Capillary fused silica column: 30m™ x 0.25 mm & int., 0.25 pm of Carbowax
20M type.

2.3 Operating conditions: injector 180°C, helium carrier gas at 1 mL/min at 25°C,
splitless injection. Temperature program: 40°C for 0.75 min, then program
10°C/min to 60°C, then 3°C™*/min to 150°C, post run: go up to 220°C and
maintain for 4.25 min at 220°C. The retention time for ethyl carbamate is 23-
27 min., that of propyl carbamate is 27-31 min.

GC/MS interface: transfer line 220°C. Mass spectrometer parameters set up
manually with perfluorotributylamine and optimized for a lower mass

* For certain wines which are particularly rich, it may be desirable to use a 50m long
capillary column.

** For certain wines which are particularly rich, it may be desirable to carry out a
temperature program of 2°C per minute.
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sensitivity, SIM acquisition mode, solvent delay and time for the start of
acquisition 22 min., dwell time/ion 100 ms.

2.4 Rotary evaporator under vacuum or concentration system similar to Kuderna
Danish. (Note: the recovery of the ethyl carbamate test sample, (3.7) must be
between 90-110% during the process).

2.5 Flask - pear-shaped, 300 mL, single neck, 24/40 standard taper joint.

2.6 Concentrator tube - 4 mL, graduated, with a standard taper 19/22 Teflon
coated joint and stopper.

3. Reagents

3.1 Acetone - HPLC quality. Note: Check each batch by GC/MS before use with
regard to the absence of response for m/z 62, 74 and 89 ions.

3.2 Dichloromethane - Note: Analyze each batch before use by GC/MS after 200
fold concentration to check the absence of response for m/z 62, 74 and 89
ions.

3.3 Ethanol - anhydrous
3.4 Ethyl carbamate (EC) standard solutions

- (1) Stock solution - 1.00 mg/mL. Weigh 100 mg EC (= 99% purity) in a
volumetric flask of 100 mL and dilute to mark with acetone.

- (2) Standard working solution- 10.0 pug/mL. Transfer 1 mL of the EC stock
solution to a 100 mL volumetric flask and dilute with acetone to the mark.

3.5 n-Propyl carbamate (PC), standard solutions.

- (1) Stock solution - 1.00 mg/mL. Weigh 100 mg PC (reagent quality) in a
100 mL volumetric flask and dilute with acetone to the mark.

- (2) Standard working solution- 10.0 pg/mL. Transfer 1 mL of the PC stock
solution to a volumetric flask of 100 mL and dilute with acetone to the
mark.

- (3) Internal standard solution PC - 400 ng/mL. Transfer 4 mL of the
standard PC working solution to a volumetric flask of 100 mL and dilute
with water to the mark.

3.6 EC - nPC standard calibration solutions - Dilute the standard working
solutions of EC, 3.4 (2), and PC 3.5 (2), with dichloromethane in order to
obtain:

(1) 100 ng EC and 400 ng nPC/mL,
(2) 200 ng EC and 400 ng nPC/mL,
(3) 400 ng EC and 400 ng nPC/mL,
(4) 800 ng EC and 400 ng nPC/mL,
(5) 1600 ng EC and 400 ng nPC/mL.

OIV-MA-AS315-04 : R2009 2



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OIV
Ethyl carbamate

3.7 Practice sample - 100 ng EC/mL in 40 % ethanol. Transfer 1 mL of the
standard EC working solution, 3.4 (2) in a 100 mL volumetric flask and dilute
with 40 % of ethanol to the mark.

3.8 Solid phase extraction column - Disposable material, pre-packed with
diatomaceous earth, capacity 50 mL.

(Note: Before analysis, check each batch of extraction columns for the
recovery of EC and nPC and the absence of response for ions of m/z 62,74 and
89.) Prepare 100 ng EC/mL of test sample 3.7.

Analyze 5.00 mL of the test sample as described in 4.1, 4.2, 5, and 6. The
recovery of 90-110 ng of EC/mL is satisfactory. Adsorbents whose particle
diameter is irregular can lead to a slow flow that affects the recovery of EC
and nPC.

If, after several trials, 90-110 % of the test sample value is not obtained,
change the column or use a corrected calibration recovery curve to quantify
EC.

To obtain the corrected calibration curve, prepare standard solutions as
described in 3.6 by using 40 % ethanol instead of dichloromethane.

Analyze 1 mL of the standard calibration solution as described in 4, 5, and 6.

Establish a new standardization curve by using the EC/nPC ratio of the
extracted standards.

4. Preparation of the test sample
Place the test material in 2 separate 100 mL beakers using the following quantities:

4.1 Wines containing over 14 % vol. alcohol: 5.00 mL + 0.01 mL.

4.2 Wines containing maximum 14% vol. of alcohol: 20.00 mL + 0.01 mL.

In each beaker, add 1 mL of internal standard PC solution, 3.5 (3) and water,
in order to obtain a total volume of 40 mL (or 40 g).

5. Extraction

(Note: Carry out the extraction under a fume hood with adequate ventilation.)
Transfer diluted test portion from 4 to the extraction column.

Rinse the beaker with 10 mL of water and transfer the rinsing water to the column.
Let the liquid be absorbed in the column for 4 minutes. Elute with 2 1 80 mL of
dichloromethane.

Collect the eluate in a 300 mL pear-shaped flask.

Evaporate the eluate to 2 to 3 mL in a rotary evaporator in a water bath at 30°C
(Note: do not let extract evaporate to dryness).

Transfer the concentrated residue to a 4 mL graduated concentrator tube, with a 9
in Pasteur pipette.
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Rinse the flask with 1 mL of dichloromethane and transfer the rinsing liquid to the
tube.

Concentrate the sample to 1 mL under a slight nitrogen stream.

If an autosampler is used, transfer the concentrate to a vial for GC/MS analysis.

6. GC/MS Analysis

6.1 Calibration curve - Inject 1pl of each calibration standard solution 3.6, into
GC/MS. Plot the graph of the EC-nPC area ratio for the response to m/z 62
ion on the y-axis and the quantity of EC in ng/mL on the x-axis (i.e., 100, 200,
400, 800, 1600 ng/mL).

6.2 EC quantification - Inject 1l of concentrated extract from 5 in the GC/MS
system and calculate the EC-nPC area ratio for m/z 62 ion. Determine the
concentration of EC (ng/mL) in the extract by using the internal standard
standardization curve. Calculate the EC concentration in the test sample
(ng/mL) by dividing the quantity of EC (ng/mL) in the extract by the test
sample volume 3.7.

6.3 Confirmation of EC identity. Determine if the response for m/z 62, 74 and 89
ions appear at the EC retention time. These responses characteristic
respectively of the main fragments (M - C,H3-)" and (M - CH3-)" and
molecular ion (M). The presence of EC is confirmed if the relative ratio of
these ions does not exceed 20% of the ratios of the EC standard. The extract
may need to be further concentrated in order to obtain a sufficient response for
the m/z 89 ion.

7. Method performance.

Sample Mean EC | Recovery S Sk |RSD; % |RSDRr%
found, ng/g of added
EC, %
Wine over 14 40 1.59 4.77 4.01 12.02
% alcohol 80 89 3.32 7.00 4.14 8.74
(VIv) 162 90 820 | 11.11 | 505 | 6.84
Wine under 11 0.43 2.03 3.94 18.47
14% alcohol 25 93 1.67 2.67 6.73 10.73
(VIv) 48 93 197 | 425 | 410 | 886
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Method OIV-MA-AS315-05A Type IV method

Hydroxymethylfurfural (HMF)

1. Principle of the methods
Aldehydes derived from furan, the main one being hydroxymethylfurfural,
react with barbituric acid and para-toluidine to give a red compound which is
determined by colorimetry at 550 nm.

Free sulfurous acid interferes with the determination. When its amount
exceeds 10 mg/L, it must be previously eliminated by combining it with
acetaldehyde whose excess does not interfere with the determination.

2. Colorimetric method

2.1 Apparatus
2.1.1 Spectrophotometer for making measurements between 300 and 700 nm.
2.1.2 Glass cells with optical paths of 1 cm.

2.2 Reagents
2.2.1 Barbituric acid solution, 0.5% (m/v)
Dissolve 500 mg of barbituric acid in distilled water by heating slightly over a
water bath at 100°C. Make up to 100 mL with distilled water. This solution
keeps for about a week.
2.2.2 Para-toluidine solution, 10% (m/v).
Place 10 g of para-toluidine in a 100 mL volumetric flask; add 50 mL of iso-
propanol, CH3CH(OH)CH3, and 10 mL of glacial acetic acid, CH3COOH
(p20=1.05 g/mL). Make up to 100 mL with iso-propanol. This solution
should be renewed daily.
2.2.3 Acetaldehyde (ethanal) solution, 1% (m/v).
Prepare just before use.

2.2.4 Hydroxymethylfurfural solution, 1 g/L.

Prepare dilutions of the above solution to containing 5, 10, 20, 30 and 40 mg
hydroxymethylfurfural/L. The 1 g/L solution and its dilutions must be freshly
prepared.
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2.3 Procedure
2.3.1 Preparation of sample

- Free sulfur dioxide less than 10 mg/L.:

Perform the analysis on 2 mL of wine or must. If necessary filter the wine or
must before analysis.

- Free sulfur dioxide greater than 10 mg/L:
15 mL of the test samples are placed in a 25 mL spherical flask with 2 mL
acetaldehyde solution (2.2.3). Stir. Wait 15 minutes. Bring to volume with
distilled water. Filter if necessary. Perform the analysis on 2 mL of this
solution.

2.3.2 Colorimetric determination

Into each of two 25 mL flasks, a and b, fitted with ground glass stoppers, place
2 mL of the sample prepared as in 2.3.1. Place in each flask 5 mL of para-
toluidine solution (2.2.2); mix. Add 1 mL of distilled water to flask b (control)
and 1 mL barbituric acid (2.2.1) solution to flask a, shake to mix. Transfer the
contents of the flasks into spectrophotometer cells with optical paths of 1 cm.
Zero the absorbance scale at a wavelength of 550 nm using the contents of
flask b. Follow the variation in the absorbance of the contents of flask a;
record the maximum value A, which is reached after 2 to 5 minutes.

Samples with hydroxymethylfurfural concentrations above 30 mg/L must be
diluted before the analysis.

2.3.3 Preparation of the calibration curve

Place 2 mL of each of the hydroxymethylfurfural solutions of 5, 10, 20, 30 and
40 mg/L into two sets of 25 mL flasks, a and b, and treat them as described in
2.3.2.

The graph representing the wvariation of absorbance with the
hydroxymethylfurfural concentration in mg/L should be a straight line passing
through the origin.

2.4 Expression of results

The hydroxymethylfurfural concentration is obtained by plotting on the
calibration curve the absorbance determined on the sample analyzed, taking
into account any dilution carried out.

The result is expressed in milligrams per liter (mg/L) to one decimal point.
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Method OIV-MA-AS315-05B Type IV method

Hydroxymethylfurfural (HMF)

1. Principle of the methods
Separation through a column by reversed-phase chromatography and
determination at 280 nm.
Procedures described below are given as examples.

2. High-performance liquid chromatography
2.1 Apparatus

2.1.1 High-performance liquid chromatograph equipped with:

- aloop injector, 5 or 10 pL

spectrophotometric detector allowing measurement at 280 nm

- column of octadecyl-bonded silica (e.g.Bondapak Cyg-Corasil, Waters Ass)
- arecorder, preferably an integrator

- Flow rate of mobile phase: 1.5 mL/minute

2.1.2 Membrane filtration system with a pore diameter of 0.45 um.

2.2 Reagents
2.2.1 Double distilled water
2.2.2 Methanol, distilled or HPLC quality
2.2.3 Acetic acid (p2o=1.05 g/mL)
2.2.4 Mobile phase: water + methanol + acetic acid previously filtered through
a 0.45 pm membrane filter, (40 mL + 9 mL + 1 mL)
The mobile phase must be prepared daily and degassed before using.
2.2.5 Hydroxymethylfurfural reference solution, 25 mg/L (m/v)
Into a 100 mL volumetric flask, place 25 mg of hydroxymethylfurfural
accurately weighed, and bring to volume with methanol. Dilute this solution
1/10 with methanol and filter through a 0.45 pum membrane filter.

If the solution is kept refrigerated in a hermetically sealed brown glass bottle it
should keep for two to three months.
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2.3 Procedure

Inject 5 (or 10) pL of the sample prepared as described above and 5 (or 10) pL
of hydroxymethylfurfural reference solution into the chromatograph. Record
the chromatogram.

The retention time of hydroxymethylfurfural is about six to seven minutes.

2.4 Expression of the Results

The hydroxymethylfurfural concentration is expressed in milligrams per liter
(mg/L) to one decimal point.
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Method OIV-MA-AS315-06 Type Il method

Cyanide Derivatives
(Resolution Oeno 4/94)

1. Principle

Free and total hydrocyanic acid is liberated by acid hydrolysis and separated by
distillation. After reaction with chloramine T and pyridine, the glutaconic
dialdehyde formed is determined by colorimetry, due to the blue coloration it gives
with 1.3-dimethyl barbituric acid.

2. Equipment

2.1. Distillation apparatus: Use the distillation apparatus described for the
determination of alcohol in wine.

2.2. Round-bottomed 500 mL flask with standard taper joint.
2.3. Water bath, thermostated at 20° C.

2.4. Spectrophotometer permitting the measurement of absorbance at a
wavelength of 590 nm.

2.5. Glass cuvette or disposable cuvettes for one use only, with 20 mm optical
path.

3. Reagents

3.1. Phosphoric acid (H3PQO,) at 25 p. 100 (w/v)

3.2. Solution of chloramine T (C7H7 CINNaO,S.3H,0) 3% (w/v)

3.3. Solution of 1,3-dimethylbarbituric acid: dissolve 3.658 ¢ of 1,3-
dimethylbarbituric acid (CgHgN2O3) in 15 mL of pyridine and 3 mL of
hydrochloric acid (p2o = 1.19 g/mL) and bring to 50 mL with distilled water.

3.4. Potassium cyanide (KCN)

3.5. Solution of potassium iodide (KI) 10% (w/v)

3.6. Solution of silver nitrate (AgNQO3), 0.1 M

4. Procedure

4.1 Distillation:
In the 500 mL round-bottomed flask (2.2), place 25 mL of wine, 50 mL of

OIV-MA-AS315-06 : R2009 1



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OIV
Cyanide derivatives

distilled water, 1 mL of phosphoric acid (3.1) and some glass beads.
Immediately place the round-bottomed flask on the distillation apparatus.
Collect the distillate through a delivery tube connected to a 50 mL volumetric
flask containing 10 ml of water. The volumetric flask is immersed in an iced
water bath. Collect 30-35 mL of distillate (a total of about 45 mL of liquid in
the volumetric flask). Wash the delivery tube with a few milliliters of distilled
water, bring the distillate to 20°C and dilute with distilled water to the mark.
4.2 Measurement:

Place 25 mL of distillate in a 50 mL glass-stoppered Erlenmeyer flask, add
1mL of chloramine T solution (3.2) and stopper tightly. After exactly
60 seconds, add 3mL of 1,3-dimethylbarbituric acid solution (3.3), stopper
tightly and let stand for 10 minutes. Then measure the absorbance relative to
the reference blank (25 mL of distilled water instead of 25 mL of distillate) at a
wavelength of 590 nm in cuvettes of 20 mm optical path.

5. Establishing the standard curve
5.1 Argentimetric titration of potassium cyanide.

In a 300 mL volumetric flask, dissolve about 0.2 g of KCN (3.4) precisely
weighed in 100 mL of distilled water. Add 0.2 mL of potassium iodide solution
(3.5) and titrate with the solution of 0.1 M silver nitrate (3.6) until obtaining a
stable yellowish color.

In calculating the concentration of KCN in the sample, 1 mL of 0.1 M silver
nitrate solution corresponds to 13.2 mg of KCN.

5.2 Standard Curve.

5.2.1. Preparation of the standard solutions:

Knowing the KCN concentration determined in accordance with 5.1, prepare a
standard solution containing 30 mg/L of hydrocyanic acid (30 mg HCN = 72.3
mg of KCN). Dilute this solution to 1/10.

Introduce 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the diluted standard solution in 100
mL volumetric flasks and bring to the mark with distilled water. The prepared
standard solutions correspond to 30, 60, 90, and 150 pg/L of hydrocyanic acid,
respectively.

5.2.2. Determination:

Using 25 mL of the solutions, continue as indicated above in 4.1 and 4.2.

The values obtained for the absorbance with these standard solutions, reported
according to the corresponding levels of hydrocyanic acid, form a line passing
through the origin.
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6. Expression of the results
Hydrocyanic acid is expressed in micrograms per liter (ug/L) without decimal.

6.1. Calculation:
Determine the concentration of hydrocyanic acid from the standard curve. If a
dilution was done, multiply the result by the dilution factor.

Repeatability (r) and Reproducibility (R)

White wine: r = 3.1pg/L i.e.approximately 6% .X;
R =12 pg/L  ie. approximately 25% .X;

Redwine: r = 6.4ug/L i.e. approximately 8% . X;
R =23 pg/L e approximately 29% .X;

Xj = average concentration of HCN in the wine.
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Method OIV-MA-AS315-07A Type IV method

Examination of artificial sweeteners

1. Principle of the methods

Examination of saccharine (benzoic sulfimide), Dulcin (p-ethoxyphenylurea),
cyclamate (cyclohexylsulfamate) and P-4000 (5-nitro-2-propoxyaniline or
1-propoxy-2-amino-4-nitrobenzene).

After concentration of the wine, the saccharine, Dulcin and P-4000 are
extracted in an acid medium with benzene; the cyclamate is extracted from the
wine after the benzene extraction using ethyl acetate (the order of extraction is
important). The residues after solvent evaporation are submitted to thin layer
chromatography.

Saccharine and cyclamate are identified by chromatography on cellulose plates
(solvent: acetone-ethyl acetate-ammonium hydroxide), the first the benzene
extract, the second in the extract by the ethyl acetate after purification by
washing with ether.

These sweeteners are developed by spraying with a solution of benzidine;
aniline; cupric acetate, and have the following Rf: 0.29 for cyclamate, 0.46 for
saccharine.

The P-4000 and Dulcin from the benzene extract are separated by
chromatography on polyamide plates, (solvent: toluene; methanol; glacial
acetic acid). These sweeteners are developed by spraying a solution of p-
dimethylaminobenzaldehyde, and have the following Rf: 0.60 for Dulcin, 0.80
for P-4000.

2. Method
Examination of saccharine, cyclamate, Dulcin and the P-4000.
2.1 Apparatus
2.1.1 Chromatography tank
2.1.2 Micrometry syringes or micropipettes
2.1.3 Separator tube 15 mm in diameter and 180 mm long, with a stopcock
2.1.4 Water bath at 100°C
2.1.5 Regulatable oven, able to reach 125°C

2.2 Reagents
2.2.1 Extraction solvent:
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- Benzene
- Ethyl acetate

2.2.2 Chromatography solvents:

Mixture No.1:
ACELONE ...oooooeeeee e, 60 parts
Ethyl acetate ..., 30 parts
Ammonium hydroxide (p2o=0.92 g/mL) ................ccco.......... 10 parts
Mixture No 2.:
TOIUBNE e 90 parts
MEthanOl ... 10 parts
Glacial acetic acid (p2o=1.05g/mL) ............................ 10 parts

2.2.3. Chromatography plates (20 x 20 cm):

- with layer of cellulose powder (for ex., Whatman CC 41 or Macherey-Nagel
MN300)

- with layer of polyamide powder (for ex., Merck)

2.2.4 Indicating reagent for saccharine and cyclamate

Prepare:

- alcoholic solution of benzidine at 250 mg in 100 mL ethanol
- saturated solution of cupric acetate, Cu(C,H30,),.H,0

- freshly distilled aniline

Mix: 15 mL of benzidine solution, 1 mL of aniline and 0.75 mL saturated
cupric acetate solution.

This solution must be freshly prepared. It corresponds to the volume required
for development of a 20 x 20 cm plate.

2.2.5 Hydrochloric acid 50% (v/v),

2.2.6 Nitric acid solution, 25% (v/v),

2.2.7 Indicator reagent for the P-4000 and Dulcin: dissolve 1 g of 1,4-
paradimethylaminobenzaldehyde in 50 mL methanol; add 10 mL 25% nitric
acid; bring to 100 mL with methanol. Use 15 mL of this reagent for the
development of a 20 x 20 cm plate.

2.2.8 Cyclo-hexylsulfamic acid in water-ethanol solution, 0.10 g/100 mL

Dissolve 100 mg of the sodium or calcium salt of cyclo-hexylsulfamic acid in
100 mL of an equal part mixture of water and ethanol.

2.2.9 Saccharine aqueous solution, 0.05 g/100 mL
2.2.10 Dulcin, 0.05 g/100 mL of methanol.
2.2.11 P-4000, 0.05 g/100 mL of methanol.
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2.3 Procedure
2.3.1 Extraction

100 mL of wine, placed in a beaker, are rapidly evaporated by boiling until the
volume is reduced to 30 mL, while directing a current of cold air to the surface
of the flask. Allow to cool. Acidify with 3 mL 50% hydrochloric acid (v/v).
Transfer to a 500 mL conical flask with a ground stopper, add 40 mL of
benzene and stir with a mechanical stirrer for 30 min. Transfer to a separating
funnel to separate the organic phase. If an emulsion is formed, it must be
separated by centrifugation. Place the organic phase in a conical flask with a
ground glass stopper.

Decant the wine previously extracted with benzene, which corresponds to the
lower layer in the separating funnel, into a 500 mL conical flask with a ground
stopper containing 40 mL of ethyl acetate. Agitate for 30 minutes and separate
the organic phase as before taking care to recover only the organic fraction and
not the wine.

On a 100°C water bath, evaporate each extraction solvent in 50-60 mm
diameter evaporation dishes, in small amounts while directing a stream of cold
air on the surface of the dishes. Continue the evaporation until the residue has
a syrupy consistency, stopping before the evaporation is complete.

Re-dissolve the benzene extract residue in the evaporation dish with 0.5 mL
ethanol-water (1:1) solution (it is advisable to re-dissolve the residue once with
0.25 mL ethanol-water solution and then to rinse the dish with another portion
of 0.25 mL of the same solution). Place the ethanol-water extract into a small
tube with a ground stopper (extract B).

The residue of the dish in which the ethyl acetate (containing the cyclamate)
has been evaporated, is dissolved with 0.5 mL of water and is poured into a
small separator tube. Wash the dish with 10 mL ether and add the ether to the
contents of the separator tube. Mix vigorously for 2 minutes and separate the
lower layer into a small test tube that contains 0.5 mL ethanol. This comprises
a total of 1 mL of ethanol-water solution that contains the possible cyclamate
(extract A).

2.3.2 Chromatography

2.3.2.1 Saccharine and cyclamate

For examination of the saccharine and cyclamate, use a cellulose plate, with
half of the plate for the identification of cyclamate and the other half for
saccharine.

To do this, spot 5 to 10 pL of extract A and 5uL of the standard cyclamate
solution. On the second part of the plate spot 5 to 10 yL of extract B and 5 pL
of the standard saccharine solution. Place the prepared plate in the
chromatography bath containing solvent No.1 (acetone; ethyl acetate;
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ammonium hydroxide); allow to migrate until the solvent front reaches 10 to
12 cm. Remove the plate from the bath and dry with warm air. Spray the plate
evenly and gently with the benzidine reagent (17-18 mL for each plate). Dry
the plate with cold air. Place the plate in an oven maintained at 120-125°C for
3 minutes. The spots appear dark gray on a light chestnut background; they
turn brownish with time.

2.3.2.2 P-4000 and Dulcin

Deposit 5 pL of extract B and 5 pL of the standard solutions of Dulcin and
P-4000 on a polyamide plate. Place the prepared plate in the chromatography
tank containing solvent No. 2 (toluene; methanol; acetic acid). Let the solvent
front reach a height of 10 to 12 cm.

Remove the plate from the tank; dry in cold air. Spray with 15 mL of the
p-dimethylaminobenzaldehyde reagent, then dry with cold air until the orange-
yellow colored spots appear which correspond to Dulcin and P-4000.

2.3.2.3 Sensitivity

The benzidine reagent allows detection of spots corresponding to 2 pg of
saccharine and 5 pg of cyclamate. The p-dimethylaminobenzaldehyde reagent
reveals 0.3 ug of Dulcin and 0.5 pg of P-4000.

This method allows determination of (depending upon the efficiency of the
extractions):

SACCNANNE ... 2-3 mg/L
Cyclamate ..., 40-50 mg/L
DULCIN e 1 mg/L
P-4000 ... 1-1.5 mg/L
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Method OIV-MA-AS315-07B Type IV method

Examination of artificial sweeteners

1. Principle of the methods
Examination of saccharine, Dulcin and cyclamate.

These sweeteners are extracted from wine using a liquid ion exchanger, then
re-extracted with dilute ammonia hydroxide, and are separated by thin layer
chromatography using a mixture of cellulose powder and polyamide powder
(solvent: xylene; n-propanol; glacial acetic acid; formic acid). These
sweeteners have a blue fluorescence on a yellow background under ultraviolet
light after spraying with a 2,7-dichlorofluorescein solution.

Subsequent spraying with 1,4-dimethylaminobenzaldehyde solution allows
differentiation of Dulcin, which gives only one orange spot, from vanillin and
the esters of p-hydroxybenzoic acid which migrate with the same Rf.

2. Method
Examination of saccharine, cyclamate and Dulcin.
2.1 Apparatus

2.1.1 Apparatus for expression by thin layer

2.1.2 Glass plate 20 x 20 cm

Preparation of the plates: mix thoroughly 9 g of dry cellulose powder and 6 g
of polyamide powder. Add, while stirring, 60 mL methanol. Spread on the
plates to a thickness of 0.25 mm. Dry for 10 minutes at 70°C. The quantities
prepared are sufficient for the preparation of 5 plates.

2.1.3 Water bath with a temperature regulator or a rotary evaporator,
2.1.4 UV lamp for examination of the chromatography plates.
2.2 Reagents

2.2.1 Petroleum ether (40-60°)
2.2.2 lon exchange resin, for example: Amberlite LA-2
2.2.3 Acetic acid diluted to 20% (v/v)
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2.2.4 lon exchange solution: 5 mL of ion exchanger is vigorously agitated
with 95 mL  petroleum ether and 20 mL of 20% acetic acid. Use the upper
phase.

2.2.5 Nitric acid in solution, 1 M

2.2.6 Sulfuric acid, 10 % (v/v)

2.2.7 Ammonium hydroxide diluted to 25% (v/v)

2.2.8 Polyamide powder, for example: Macherey-Nagel or Merck
2.2.9 Cellulose powder, for example: Macherey-Nagel MN 300 AC
2.2.10 Solvent for chromatography:

XYIBNE oo 45 parts
N-Propanol ... 6 parts
Glacial acetic acid (po=1.05 g/mL) ............................ 7 parts
Formic acid 98-100% ... 2 PAITS

2.2.11 Developers:

- solution of 2,7-dichlorofluorescein, 0.2 % (m/v), in ethanol,
- solution of 1,4-dimethylaminobenzaldehyde: dissolve 1 g of dimethylamino-

benzaldehyde placed in a 100 mL volumetric flask with about 50 mL ethanol.
Add 10 mL of nitric acid, 25% (v/v), and bring to volume with ethanol.

2.2.12 Standard solution:

solution of Dulcin, 0.1 % (m/v), in methanol,

solution of saccharine at 0.1 g per 100 mL in a mixture of equal parts
methanol and water,

cyclamate solution: solution containing 1 g of the sodium or calcium salt of
cyclohexylsulfamic acid in 100 mL of a mixture of equal parts methanol and
water,

solution of vanillin at 1 g /100 mL in a mixture of equal parts methanol and
water,

solution of the ester of p-hydroxybenzoic acid at 1 g /100 mL in methanol.

2.3 Procedure:

50 mL of wine is placed in a separatory funnel, acidified with 10 mL dilute
sulfuric acid (2.2.6) and extracted with two aliquots of the ion exchange
solution using 25 mL each time. The 50 mL of ion exchange solution is
washed three times using 50 mL of distilled water each time, which is
discarded, then three times with 15 mL of dilute ammonium hydroxide (2.2.7).
The ammonia solutions recovered are then carefully evaporated at 50°C until
dry on a water bath or in a rotary evaporator. The residue is recovered with 5
mL of acetone and 2 drops 1 M nitric acid solution, filtered, and again
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evaporated dry at 70°C on a water bath. It is necessary to avoid heating for too
long and above 70°C. The residue is recovered with 1 mL of methanol.

5 to 10 pL of this solution and 2 pL of the standard solutions are spotted on
the plate. Let the solvent migrate (xylene: n-propanol: acetic acid: formic acid)
(2.2.10) to a height of about 15 cm, which takes about 1 hour.

After air-drying, the dichlorofluorescein solution is thoroughly sprayed on the
plate. The saccharine and the cyclamate appear immediately as light spots on a
salmon colored background. Under examination in ultraviolet light (254 or
360 nm), the three sweeteners appear as a fluorescent blue on a yellow
background.

The sweeteners separate, from the bottom to the top of the plate, in the
following order: cyclamate, saccharine, Dulcin.

The vanillin and the esters of p-hydroxybenzoic acid migrate with the same Rf
as the Dulcin. To identify Dulcin in the presence of these substances, the plate
then must be sprayed with a solution of dimethylaminobenzaldehyde. The
Dulcin appears as an orange spot, whereas the other substances do not react.

Sensitivity - The quantity limitation shown on the chromatography plate is 5 ug
for the three substances.
This method permits detection of:

© SaCCharin ... 10 mg/L
© CYCIAMALE ... 50 mg/L
O DUICIN oo, 10 mg/L
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Method OIV-MA-AS315-08 Type IV method

Examination of artificial colorants

1. Principle

The wine is concentrated to 1/3 its original volume, made alkaline with a solution
of dilute sodium hydroxide and extracted with ether. The ether phase, after being
washed with water, is extracted with a dilute acetic acid solution; this acetic
solution, alkalinized with ammonia, is brought to boiling in the presence of a piece
of wool thread treated with aluminum sulfate and potassium tartrate. The colorant,
if any, is fixed on the wool. The wool on which it is fixed is then placed in a dilute
acetic acid solution. After evaporation of the acetic solution, the residue is
recovered with a water-alcohol solution and analyzed by thin layer
chromatography for characterization of the colorant.

The aqueous phase remaining after the ether extraction contains the acid colorants
that may be present. They are extracted by using their affinity for animal fibers
that markedly absorb the color: they are fixed on a wool plug in a mineral acid
medium.

To concentrate the coloring material, carry out a double fixation and/or several
successive fixations on increasingly smaller wool plugs.

Coloring of the wool plug indicates that an artificial colorant was added to the
wine; the colorant is then identified by thin layer chromatography.

2. Apparatus

2.1 20 x 20 glass plates covered with cellulose powder,

2.2 Chromatography tank

3. Reagents

3.1 Ethyl ether

3.2 Sodium hydroxide solution, 5% (m/v)

3.3 Glacial acetic acid (pz=1.05 g/mL)

3.4 Dilute acetic acid, containing one part glacial acetic acid to 18 parts water

3.5 Dilute hydrochloric acid: to one part hydrochloric acid (py = 1.19 g/mL), add
10 parts distilled water

3.6 Ammonium hydroxide (p2o = 0.92 g/mL)
3.7 White wool threads, previously washed, degreased with ether and dried

3.8 White wool threads, previously washed, degreased with ether, dried and
acidified
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Acidulant: Dissolve 1 g crystallized aluminum sulfate Al»(SO4)18H,0 and 1.2
g acid potassium tartrate in 500 mL water. Place 10 g of the white wool
threads, previously washed, degreased with ether and dried in the solution and
stir about 1 hour. Let stand 2 to 3 hours; drain, let dry at room temperature.

3.9 Solvent No.1 for chromatography of colorants with basic characteristics:

N-BUtaNOl ... 50 mL
Ethanol ..., 25 mL
Acetic acid (p2o =1.059/ML) ..ccccccoivoi 10 mL
Distilled Water ... 25 mL
3.10 Solvent No.2 for chromatography of colorants with acidic characteristics:
N-BUtaNOl ..o 50 mL
Ethanol ... 25 ML
Ammonium hydroxide (p2o = 0.92 g/mL) ............ 10 mL
Distilled Water ... 25 mL

4. Procedure

4.1 Examination of colorants with basic characteristics.
4.1.1 Extraction of the coloring materials.
Place 200 mL of wine in a 500 mL glass conical flask and boil until reduced to
1/3 its volume.
After cooling, neutralize with 5% sodium hydroxide solution until the natural
color of wine shows a marked change.
Extract twice using 30 mL ether. The ether phases are recovered, containing
basic colorants to be determined; the extraction residue must be saved for the
analysis of acidic colorants.
Wash the extracted ether twice with 5 mL of water to eliminate the sodium
hydroxide; mix with 5 mL dilute acetic acid. The acidic agueous phase
obtained is colored in the presence of a basic colorant.
The presence of the colorant may be confirmed by fixation on acidified wool.
Make the acidic aqueous phase obtained alkaline using 5% ammonia. Add 0.5
g acidified wool and boil for about 1 minute. Rinse the wool under running
water. If the wool is colored, the wine contains some basic colorant.

4.1.2 Characterization by thin-layer chromatography.

The aqueous acetic phase containing the basic colorant is concentrated to 0.5
mL. If the colorant is fixed on the acidic wool, the wool plug is treated by
boiling with 10 mL distilled water and a few drops of acetic acid (py = 1.05
g/mL). Remove the wool fragment after wringing out liquid. Concentrate the
solution to 0.5 mL.
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Deposit 20 pL of this concentrated solution on the cellulose plate 3 cm from
the lateral edge and 2 cm from the lower edge of the plate.

Place the plate in the tank containing solvent No.1 so that the lower edge is
immersed in the solvent to a depth of 1 cm.

When the solvent front has migrated to a height of 15 to 20 cm, remove the
plate from the tank. Allow to air dry.

Identify the colorant by means of a solution of known artificial colorants of
basic characteristics deposited simultaneously on the chromatogram.

4.2 Examination of colorants with acidic characteristics

4.2.1 Extraction of the coloring material.

Use the residue from the wine used for examining colorants with basic
characteristics, concentrated to 1/3 and neutralized after extraction with ether.

If the first part of the procedure has not been conducted, start with 200 mL
wine, place in a conical flask, boil until reduced to 1/3.

In either case, add 3 mL of dilute hydrochloric acid and 0.5 g of white wool:
boil for 5 minutes, decant the liquid and wash the wool under running water.

In the conical flask which contains the wool, add 100 mL water and 2 mL
dilute hydrochloric acid; boil for 5 minutes, separate the acidic liquid and
repeat this procedure until the liquid used to wash is colorless.

After the wool has been thoroughly washed to eliminate the acid completely,
recover in a conical flask with 50 mL distilled water and a few drops of
ammonium hydroxide (p,o = 0.92 g/mL): bring to a gentle boil for 10 minutes
in order to dissolve any artificial coloring matter fixed on the wool.

Remove the wool from the flask, bring the liquid volume to 100 mL and boil
until the ammonia completely evaporates. Acidify with 2 mL of dilute
hydrochloric acid (check that the reaction of the liquid is definitely acidic by
placing 1 drop of this liquid on indicator paper).

Add to the flask 60 mg (about 20 cm of standard thread) of white wool and
boil for 5 minutes; remove the wool and rinse it under running water.

If, after this procedure, the wool is colored red, when it involves red wine, or
yellow if it pertains to white wine, the presence of artificial organic coloring
matter of an acidic nature is proven.

If the color is weak or uncertain, repeat the ammonia treatment and do a
second fixation using a 30 mg wool thread.

If, during the course of the second fixation a weak but distinct pink color is
obtained, assume the presence of an acidic colorant.

If necessary for a more definite determination, carry out new fixations-elutions
(up to 4 or 5) using a procedure identical to that used for the second fixation
until a faint but distinct pink color is obtained.

OIV-MA-AS315-08 : R2009 3



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - O1V
Artificial colorants

4.2.2 Characterization by thin layer chromatography.

The plug of colored wool is treated by boiling with 10 mL distilled water and
few drops of ammonium hydroxide (py = 0.92 g/mL). Recover the piece of
wool after wringing. Concentrate the ammonium hydroxide solution to 0.5
mL.

Deposit 20 pL of this solution on a cellulose plate to within 3 cm of the lateral
edge and 2 cm of the lower edge of the plate.

Put the plate in place in the tank so that the lower edge is immersed in the
solvent to a depth of 1 cm.

When the solvent front has migrated to a height of 15 to 20 cm, remove the
plate from the tank and let dry in the air.

Identify the colorant by means of known artificial coloring solutions deposited
simultaneously on the chromatogram.
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Method OIV-MA-AS315-09 Type IV method

Diethylene glycol
(2-hydoxy-ethoxyethanol)

1. Objective

The detection of diethylene glycol, HOCH,CH,0OCH,CH,OH, in wine where its
concentration is equal to or greater than 10 mg/L.

2. Principle

Separation of diethylene glycol from other constituents in wine by gas
chromatography using a capillary column, after extraction with ether.

Note: The operating conditions described below are provided as an example.

3. Apparatus

3.1 Gas chromatograph equipped with:
- split-splitless injector,
- flame ionization detector,
- capillary column coated with a film of polyethyleneglycol (Carbowax
20 M), 50 m x 0.32 mm 1.D.

Operating conditions:
Injector temperature: 280°C.
Detector temperature: 270°C.
Carrier gas: hydrogen.
Flow rate of carrier gas: 2 mL/min.
Flow rate: 30 mL/min.
Injection: splitless.
Injection volume: 2 pL.
Injection 35°C - flow closed after 40 seconds.
Temperature program: 120°C to 170°C at 3°C/min.

3.2 Centrifuge
4. Reagents

4.1 1,3-propanediol, 1 g/L, in alcohol, 20% (v/v), (internal standard).
4.2 Aqueous solution of diethyleneglycol 20 mg/L.

5. Procedure
Into a 50 mL flask, place:
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- 10 mL of wine
- 1 mL of 1,3-propanediol solution
- 25 mL diethyl ether.

Shake and add sufficient quantity of neutral potassium carbonate to saturate the
mixture. Shake. Separate the two phases by centrifugation.

Carry out a second extraction. Eliminate the diethyl ether by evaporation and
recover the residue with 5 mL ethanol.

The yield of the extraction must be at least 90%.
Carry out the chromatography according to the conditions given in 3.1.

6. Results

The diethylene glycol is identified by comparing its retention time to the time of
the reference solution, analyzed under the same conditions as the wine.

The amount is determined by comparison to the reference solution using the
internal standard method.

It is recommended, if the concentration is equal to or less than 20 mg/I, to confirm
the presence by mass spectrometry.

BIBLIOGRAPHY
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Method OIV-MA-AS315-10 Type Il method

Measuring ochratoxine A in wine
after going through an immunoaffinity column
and HLPC with fluorescence detection
(Oeno 16/2001 revised by Oeno 349-2011)

1. FIELD OF APPLICATION

This document describes the method used for determining ochratoxine A (OTA) in
red, rosé, and white wines, including special wines, in concentrations ranging up 10
Mg/l using an immunoaffinity column and high performance liquid chromatography
(HPLC) [1].

This method was validated following an international joint study in which OTAs
were measured in white and red wines during the analysis of naturally
contaminated wines and wines with toxins ranging from 0.01 pg/I to 3.00 pg/I.
This method can apply to semi-sparkling wines and sparkling wines as long as the
samples have been degassed beforehand, through sonication, for example.

2. PRINCIPLE

Wine samples are diluted with a solution containing polyethylene glycol and
sodium hydrogen carbonate. This solution is filtered and purified on the
immunoaffinity column.

OTA is eluted with methanol and quantified by HPLC in inverse state with
fluorimetric detection.

3. REAGENTS

3.1 Reagents for separation of the OTA on an immunoaffinity column

The reagents listed below are examples. Suppliers of immunoaffinity
columns may offer dilution solutions and eluents suitable for their products.
If so, it is preferable to use these products.

3.1.1 Sodium hydrogen phosphate dihydrate(Na,HPO,4-2H,0) CAS [10028-
24-7]

3.1.2 Sodium dihydrogen phosphate monohydrate (NaH,PO4 H,O) CAS
[10049-21-5]

3.1.3 Sodium chloride (NaCl) CAS [7647-14-5]
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3.1.4 Purified water for laboratories, for example EN ISO 3696 quality
(water for analytical laboratory use — Specification and test method [ISO
3696:1987]).

3.1.5 Phosphate buffer (dilution solution)

Dissolve 60g of Na,HPO4-2H,0 (3.1.1) and 8.8g of NaH,PO4-H,0 (3.1.2)
in 950ml of water and add more water to make up to 1 litre.

3.1.6 Phosphate buffer saline (washing solution)

Dissolve 2.85g of Na;HPO4-2H,0 (3.1.1), 0.55g of NaH,PO,-H,0 (3.1.2)
and 8.7g of NaCl in 950ml of water and add more water to make up to 1
litre.

3.1.7 Methanol (CH30H) CAS [67-56-1]

3.2 Reagents for HPLC

3.2.1 Acetonitrile for HPLC (CH3CN) CAS [75-05-8]

3.2.2 Glacial acetic acid (CH3;COOH) CAS [64-19-7]

3.2.3 Mobile phase: water: acetonitrile: glacial acetic acid, 99:99:2, viv/v
Mix 990 ml of water with 990 ml of acetonitrile (3.2.2) and 20 ml of glacial
acetic acid (3.2.3). In the presence of undissolved components, filter through
a 0.45um filter. Degas (with helium, for example) unless the HPLC
equipment used includes a degassing step.

3.3 Reagents for the preparation of the OTA stock solution

3.3.1 Toluene (CgHsCH3) CAS [108-88-3]

3.3.2 Mixture of solvents (toluene: glacial acetic acid, 99:1, v/v).

Mix 99 parts in volume of toluene (3.3.1) with one part volume of glacial
acetic acid (3.2.2).

3.4 OTA stock solution

Dissolve 1 mg of OTA or the same content in a bulb, if the OTA was obtained in
the form of film after evaporation, in the solvent mixture (3.12) to obtain a solution
containing approximately 20 to 30 pg/ml of OTA.

To determine the exact concentration, record the absorption spectrum between 300
and 370 nm in a quartz space with 1 cm of optical path while using the solvent
mixture (3.12) as a blank. Identify maximum absorption and calculate the
concentration of OTA (c) in pg/ml by using the following equation:

C= Anax x M x100/exd
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In which:
Anax = Absorption determined by the longest maximum wave (about 333 nm)
M = OTA molecular mass = 403,8 g/mole

¢ = coefficient d'extinction molaire de I'OTA dans le mélange de solvant (3.12) (¢ =
544/mole)

d = optical pathway (cm)

This solution is stable at -18°C for at least 4 years.
3.5 Standard OTA solution (2 pg/ml in toluene: acetic acid, 99:1, v/v)

Dilute the stock solution (3.13) with the solvent mixture (3.12) to obtain a standard
solution of OTA with a concentration of 2 pg/ml.

This solution can be stored at + 4 °C in a refrigerator. The stability should be tested
regularly.

4. EQUIPMENT
Usual laboratory equipment and in particular, the following equipment:

4.1 Glass tubes (4 ml)

4.2 Vacuum pump to prepare the immunoaffinity columns.

4.3 Reservoir and flow tube adapted to immunoaffinity columns.
4.4 Fibre glass filters (for example Whatman GF/A).

4.5 Immunoaffinity columns specifically for OTA.

The column should have the total link capacity of at least 100 ng OTA. This will
allow for a purification yield of at least 85% when a diluted solution of wine
containing 100 ng OTA is passed through.

4.6 Rotating evaporator

4.7 Liquid chromatography, a pump capable of attaining a constant flow of 1
ml/mn isocratic, as with the mobile phase.

4.8 Injection system must be equipped with 100 ul loop.

4.9 Column of analytical HPLC in steel 150 x 4.6 mm (i.d.) filled with a stationary
phase Cyg (5 um) preceded with a pre-column or a pre-filter (0,5 pum) containing an
appropriate phase. Different size columns can be used provided that they guarantee

a good base line and background noise enabling the detection of of OTA peaks,
among others.

4,10 Fluorescence detector is connected to the column and the excitation
wavelength is set at 333 nm and the emitting wavelength at 460 nm.
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4.11 Information retrieval system
4.12 U.V. spectrometer

5. PROCEDURE
5.1 Preparation of samples

Pour 10 ml of wine in a 100 ml conical flask. Add 10 ml of the dilution solution
(3.8). Mix vigorously. Filter through fibreglass filter (4.4). Filtration is necessary
for cloudy solutions or when there is precipitation after dissolving.

5.2 Purification by immunoaffinity column

Set up the by immunoaffinity column (4.5) to the vacuum pump (4.2), and attach
the reservoir (4.3).

Add 10 ml (equivalent to 5 ml of wine) of the diluted solution in the reservoir. Put
this solution through the immunoaffinity column at a flow of 1 drop per second.
The immunoaffinity column should not become dry. Wash the immunoaffinity
column with 5 ml of cleaning solution (3.9) and then with 5 ml of water at a flow
of 1 to 2 drops per second.

Blow air through to dry column. Elute OTA in a glass flask (4.1) with 2 ml of
methanol (3.4) at the rate of 1 drop per second. Evaporate the eluate to dryness at
50° C with nitrogen. Dissolve again immediately in 250 pl of the HPLC mobile
phase (3.10) and keep at 4° C until the HPLC analysis.

5.3 HPLC analysis

Using the injection loop, inject 100 pl of reconstituted extract (equivalent to 2 ml
of wine) in the chromatography.

Operating conditions
Flow: 1 ml /min.
Mobile phase: acetonitrile: water: glacial acetic acid (99:99:2, viv/v)
Fluorescence detector: Excitation wavelength = 333 nm
Emitting wavelength = 460 nm
Volume of injection: 100 pl

6. QUANTIFICATION OF OCHRATOXINE A (OTA)

The quantification of OTA should be calculated by measuring the area or the
height of the peaks at the OTA retention time and compared to the calibration
curve

6.1 Calibration curve
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Prepare a calibration curve dayly and every time chromatographical conditions
change. Measure out 0.5 ml of the standard OTA solution (3.14) at 2 pg/ml in a
glass flask and evaporate the solvent using nitrogen.

Dissolve again in 10 ml in the HPLC mobile phase (3.10) which was previously
filtered using a 0.45 um filter. This produces an OTA of 100 ng/ml solution.

Prepare 5 HPLC calibration solutions in five 5 ml graduated flasks following Table
1.

Complete each 5 ml standard solution with HPLC mobile phase. (3.10).
Inject 100 pl of each solution in the HPLC.

Table 1

Stdl | Std2 | Std3 | Std4 | Std5

ul of mobile phase filtered HPLC (3.10) | 4970 | 4900 | 4700 | 4000 | 2000

ul of OTA solution at 100 ng/ml: 30 100 300 | 1000 | 3000
OTA concentration (ng/ml) 0.6 2.0 6.0 20 60
Injected OTA (nQ) 0.06 | 0.20 | 0.60 | 2.00 | 6.00
NOTE:

1. If the quantity of OTA in the samples is outside the calibration range, an
appropriate dilution should occur or smaller volumes should be injected. In these
cases, the final (7) should be reviewed on a case by case basis.

2. Due to the great variations in concentrations, it is recommended to pass the
linear calibration by zero in order to obtain an exact quantification for low
concentrations of OTA. (less than 0.1 pg/l)

7. CALCULATIONS

Calculate the quantity of OTA in the aliquot of the solution testes and injected in
the HPLC column.

Calculate the concentration of OTA (Cora) in ng/ml (equivalent to pg/l) by using
the following formula:

COTA: MA X F/Vl X V3N2
Where:

Ma is the volume of ochratoxin A (in ng) in the aliquot part of the template
injected on the column and evaluated from the calibration curve.

F is the dilution factor
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V, is the sample volume to be analysed (10 ml)
V, the volume of the solution tested and injected in the column (100 ul)
V3 is the volume of solution used to dissolve the dry eluate (250 ul)

8. PERFORMANCES USING THIS METHOD IN LABORATORIES

Table 2 regroups performances of the method applied to white, rosé and red wines
in laboratories participating in the validation of this method.

Table 2. Recovery of ochratoxin A from wines overweighted with different
concentrations of added ochratoxin A

Red wine Rosé wine White wine
Addition  Yield +SD* RSD" Yield + SD* RSD* Yield+SD* RSD*
(na/l) (%) (%) (%) (%) (%) (%)
0.04 96.7+2.2 2.3 941+6.1 65 91.6+89 9.7
0.1 90.8+2.6 2.9 89.9+10 11 884+02 0.2
0.2 91.3+0.6 0.7 889+21 24 95124 2.5
0.5 92.3+0.4 0.5 91.6+04 04 93.0+0.2 0.2
1.0 97.8+2.6 2.6 1006+.5 25 100.7+10 1.0
2.0 96.5+1.6 1.7 986+18 18 98.0+15 1.5

5.0 88.1+1.3 15 - - - -
10,0 88,9+0,6 0,7 - - - -

Average of

92.8+35 3.8 945+52 55 945%41 4.3
averages

*SD = Spread type (Standard deviation) (n = 3 replicates) ;
* RSD = Relative spread type (Variation percentage).

9. GROUP WORK

The method was validated by a group study with the participation of 16
laboratories in 8 countries, following the protocol recommendations harmonised
for validating the analysis methods. [2]. Each participant analysed 10 white wines,
10 red wines, representing 5 random duplicate wines; naturally contaminated or
with OTA added. The performances of the method which resulted from this work
are found in appendixes | and 11, outlining critical points of the method are found in
appendix I11.
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10. PARTICPATING LABORATORIES

Unione Italiana Vini, Verona

Istituto Sperimentale per I’Enologia, Asti

Istituto Tecnico Agraria, S. Michele all’ Adige (TN)
Universita Cattolica, Piacenza

Institute for Health and Consumer Protection, JRC — Ispra
Neotron s.r.l., S. Maria di Mugnano (MO)

Chemical Control s.r.l., Madonna dell’Olmo (CN)

Laboratoire Toxicologie Hygiéne Appliquée, Université V.

Segalen, Bordeaux

Laboratoire de la D.G.C.C.R.F. de Bordeaux, Talence
National Food Administration, Uppsala
Systembolagets Laboratorium, Haninge

Chemisches Untersuchungsamt, Trier

State General Laboratory, Nicosia

Finnish Customs Laboratory, Espoo

Central Science Laboratory, York

E.T.S. Laboratories, St. Helena, CA
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[1] A. Visconti, M. Pascale, G. Centonze. Determination of ochratoxin A in
wine by means of immunoaffinity column clean-up and high-performance liquid
chromatography. Journal of Chromatography A, 864 (1999) 89-101.

[2] AOAC International 1995, AOAC Official Methods Program, p. 23-51.
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APPENDIX |

The following data was obtained in inter-laboratory tests, according to harmonised
protocol recommendations for joint studies in view of validating an analysis

method.

WHITE WINE Added OTA (ug/l)

Sample White 0.100 1.100 2.000 | n.c.
Inter-laboratory test year 1999 1999 1999 1999 | 1999
Number of laboratories 16 16 16 16 16
Number of laboratories

retained  after  eliminating| 14* 13* 14 14 15
absurd findings

Number. of eliminated ) 1 2 2 1
laboratories

Number of accepted results 28 26 28 28 30
Average value (ug/l) <0,01 0,102 1,000 1,768 | 0,283
Spread-type/Repeatability, i 0.01 0.07 015 | 003
(g/l)

Relative spread-type (Variation

percentage) /Repeatability - 10.0 6.6 85 | 10.6
RSD; (%)

Repeatability limit r (ug/l) - 0.028 0.196 | 0.420 | 0.084
Spread-type/capacity of being ) 0.01 0.14 023 | 0.04
reproduced sg (pg/l)

Relative spread-type (variation

percentage) /capacity of being - 14.0 13.6 13.3 | 14.9
reproduced RSDg (%)

Capacity of being reproduced | 0028 | 0392 |[0644]0.112
limit R (ug/l)

Extraction yield % - 101.7 90.9 88.4 -
* 2 laboratories were excluded from the statistical 'evaluation due to high
detection limit (= 0,2 pg/l).

n.c. = sample naturally contaminated
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APPENDIX 11

The following data was obtained in inter-laboratory tests, according to harmonised

protocol recommendations for joint studies in view of validating an analysis

method.
RED WINE Added OTA (ug/l)
samples White | 0.200 0.900 3.000 n.c.
Inter-laboratory test year 1999 1999 1999 1999 | 1999
Number of laboratories 15 15 15 15 15
Numbe_r _Of If';lboratorles reta_lned 14% 19% 14 15 14
after eliminating absurd findings
Number of eliminated

. - 2 1 - 1
laboratories
Number of accepted results 28 24 28 30 28
Average value (ug/l) <0.01 0.187 0.814 2.537 | 1.693
Spread-type/Repeatability, (1g/l) - 0.01 0.08 0.23 0.19
Relative spread-type (Variation
percentage) /Repeatability RSD, - 55 9.9 8.9 10.9
(%)
Repeatability limit r (ug/l - 0.028 0.224 0.644 | 0.532
Spread-type/capacity of being i 0.02 0.10 0.34 0.23
reproduced sg (pg/l )
Relative spread-type (variation
percentage) /capacity of being - 9.9 12,5 13.4 13.4
reproduced RSDg (%)
(_Japamty of being reproduced i 0.056 0.280 0952 | 0.644
limit R (ug/l)
Extraction yield % - 93.4 90.4 84.6 -

* 1 laboratory was excluded from

detection limits (= 0,2 pg/l).

n.c. = naturally contaminated sample

the statistical evaluation because of high
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APPENDIX I

Guide to the critical points of the method of measuring ochratoxin A by
immunoaffinity column, type II.

The critical points to observe are listed below for information purposes only
and are a guide to applying the method. Numbering refers to paragraphs of
the resolution.

1. Field of application

For information purposes only the method can be applied to grape musts,
partially fermented grape musts, and new wines still under fermentation.
The validation parameters concern wines only.

2. Principle

The method is broken down into two steps. The first step involves
purification and concentration of the OTA in the wine or the must by
capture on an immunoaffinity column followed by elution. The second step
involves quantification of the eluate by HPLC using fluorescence detection.

3. Reagents

3.4 OTA stock solution
The use of OTA in solid form in not recommended; it is recommended to
use a standard solution of OTA (point 3.5)

3.5 Standard OTA solution

Use of a commercial solution of standard concentration (around 50 pg/ml)
with an analysis certificate stating the reference value and uncertainty of the
concentration.

In theory the volume of these solutions is not certified, and they must be
sampled with certified pipettes to constitute stock solutions from 0.25 to 1
mg/l in pure ethanol or in the mobile phase of the HPLC method (see 3.2.3).
This solution is stable at -18°C for at least 4 years.

4. Equipment
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413 RECOMMENDATIONS FOR ASSESSMENT OF THE
PERFORMANCE OF IMMUNOAFFINITY COLUMNS (optional)

The step of concentration on an immunoaffinity column is a major source of
inaccuracy in the analysis method. Experience shows that the various
columns offered on the market could have recovery rates of between 70 and
100%.

It is therefore recommended to check the performance of a batch of
columns before use. This step is recommended where there has been a
change in supplier or column references.

4.13.1 Characterisation of the batch of columns (measure of recovery rate):
Select around 10 columns representative of the types of column routinely
used in the laboratory, and all from different batch numbers. Prepare the
same number of wines representing different matrices, with zero OTA
concentrations, with known additions x; of between 0.5 and

2 pg-kg™. After the known additions quickly analyse these n samples with
the batch of selected columns. Let y; be the values found.

The recovery rate data are calculated, the rate being the measured quantity
in relation to the known added quantity.

V.
f,=— i i
TN ' (recovery rate with column i)

(average recovery rate)

)
n

: > (t,-T)* (standard deviation of the recovery rate)
S, ==
1‘1 n—1

The standard deviation of the recovery rate calculated in this way represents
not only the variability of the recovery rate of the columns, but also the
standard uncertainty of the measurement system used after use of the
columns (HPLC). It is nevertheless possible to establish a reasonable
estimate of the standard deviation of the recovery rate of the columns by
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deducting the standard uncertainty of the HPLC system from the calculated
recovery error:

- Estimate the standard uncertainty S, (expressed as the standard deviation)
of the measurement system in the strict sense of the word (without
considering the the immunoaffinity column step).

For this it is possible to use a fidelity study on the OTA solutions.

The standard deviation of the recovery rate Sp is estimated as follows:

[
"
.

'S-F = xlll'slf i — -S‘.I._

For a fairly wide concentration range, it is preferable to express this value as
the coefficient of variation of the standard deviation (RSDR).

CV% = Sp-100/ concentration of the addition
5. Procedure

The procedure outlined in point 5 is an example. The composition of
dilution and washing solutions may differ from one column manufacturer to
another. Likewise, the concentration of the diluted wine sample may be
adjusted as needed.

6. Quantification of ochratoxine A (OTA)

6.1 Calibration curve

Prepare a calibration curve daily or each time that the chromatographic
conditions change. Prepare the curve using solutions produced by diluting
the stock solution in the mobile phase (see 3.2.3). The values chosen must
provide the working range taking into account the concentration factor of
the wine.
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Method OIV-MA-AS315-11 Type Il method

HPLC-Determination of nine major anthocyanins
in red and rosé wine
(Resolution Oeno 22/2003 modified by Oeno 12/2007)

1. FIELD OF APPLICATION

The analytical method concerns the determination of the relative composition
of anthocyanins in red and rosé wine. The separation is performed by HPLC
with reverse phase column and UV-VIS detection.

Many authors [3, 6-17] have published data on the anthocyanin composition of
red wines using similar analytical methods. For instance Wulf et al. [18] have
detected and identified 21 anthocyanins and Heier et al. [13] nearly 40 by liquid
chromatography combined with mass spectrometry. The anthocyanin
composition may be very complex, so it is necessary to have a simple
procedure. Consequently this method only determines the major compounds of
the whole anthocyanin fraction.

Member states are encouraged to continue research in this area to avoid any
non scientific evaluation of the results.

2. PRINCIPLE

Separation of the five most important non acylated anthocyanins (see Figure 1,
peaks 1-5) and four major acylated anthocyanins (see Figure 1, peaks 6-9).
Analysis of red and rosé wine by direct separation by HPLC by using reverse
phase column with gradient elution by water/formic acid/acetonitrile with
detection at 518 nm [1.2].

3 REAGENTS AND MATERIAL

Formic acid (p.a. 98 %) (CAS 64-18-6);

Water, HPLC grade;

Acetonitrile, HPLC grade (CAS 75-08-8);

HPLC solvents:

Solvent A: Water/Formic acid/Acetonitrile 87 :10:3 (VIVIV)
Solvent B: Water/Formic acid/Acetonitrile 40 :10:50 (VIVIV)

OIV-MA-AS315-11 : R2007 1



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV
Anthocyanins

Membrane filter for HPLC solvent degassing and for sample preparation to be
analysed.

Reference products for peak identification.

The HPLC analysis of anthocyanins in wine is difficult to perform due to the
absence of commercially available pure products. Furthermore, anthocyanins
are extremely unstable in solution.

The following anthocyanin pigments are commercially available:
Cyanidol-3-glucoside (also couromanin chloride); M = 484.84 g/mol
Peonidol-3-glucoside; M = 498.84 g/mol

Malvidol-3-glucoside (also Oeninchloride); M = 528.84 g/mol
Malvidol-3,5-diglucoside (also Malvinchloride); M = 691.04 g/mol

4. APPARATUS

HPLC system with:

binary gradient pump, injection system for sample volumes ranging from 10 to
200 pl,

diode array detector or a UV detector with a visible range,

integrator or a computer with data acquisition software,

furnace for column heating at 40°C,

solvent degassing system,

analytical column, for example:

LiChrospher 100 RP 18 (5 um) in LiChroCart 250-4 guard column: for
example RP 18 (30-40 mm) in a cartridge 2 mm in diameter x 20 mm long

5. PROCEDURE
5.1 Preparation of samples

Clear wines are poured directly without any preparation into the sample vials of
the automatic sample changer. Cloudy samples are filtered using a 0.45 pum
membrane filter for HPLC sample preparation. The first part of the filtrate
should be rejected.

Since the range of the linearity of absorption depending on the concentration of
anthocyanins is large, it is possible to modulate the injection volumes between
10 and 200 pl depending on the intensity of the wine colour. No significant
difference between the results obtained for different injection volumes was
observed.
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5.2 Analysis

HPLC conditions

The HPLC analysis is carried out in the following conditions:

Injection Volume:
Flow:
Temperature:

Run time:

Post time:
Detection:

Gradient elution:

50 pl (red wine) up to 200 pl (rosé wine)
0.8 ml/minute

40°C
45 minutes
5 minutes
518 nm
Time Solvent A Solvent B
(min) % (vIV) % (V/v)
0 94 6
15 70 30
30 50 50
35 40 60
41 94 6

To check the column efficiency, the number of theoretical plates (N) calculated
according to malvidol-3-glucoside should not be below 20,000, and the
resolution (R) between peonidol-3-coumaryl glucoside and malvidolin-3-
coumaryl glucoside should not be lower than 1.5. Below these values, the use
of a new column is recommended.
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A typical chromatogram is given in Figure 1, where the following anthocyanins
are separated:

Peak-N°
Group 1: “Nonacylated delphinidol-3-glucoside 1
anthocyanidin-3- cyanidol-3-glucoside 2
glucosides”: petunidol-3-glucoside 3
peonidol-3-glucoside 4
malvidol-3-glucoside 5
Group 2: “Acetylated  peonidol-3-acetylglucoside 6
anthocyanidin-3- malvidol-3-acetylglucoside 7
glucosides™:
Group 3: peonidol-3-coumarylglucoside 8
“Coumarylated malvidol-3-coumarylglucoside 9
anthocyanidin-3-
glucosides™:

6. EXPRESSION OF RESULTS

Note that the values are expressed as relative amounts of the sum of the nine
anthocyanins defined in this method.

7. LIMIT OF DETECTION AND LIMIT OF QUANTIFICATION

The limit of detection (LD) and the limit of quantification (LQ) are estimated
following the instructions in the resolution OENO 7-2000 “Estimation of the
Detection and Quantification Limits of a Method of Analysis®. Along the line of
the ”Logic Diagram for Decision-Making” in N° 3 the graph approach has to be
applied following paragraph 4.2.2.

For this purpose a part of the chromatogram is drawn out extendedly enclosing a
range of a tenfold mid-height width (w%2) from an anthocyan relevant peak.
Furthermore two parallel lines are drawn which just enclose the maximum
amplitude of the signal window. The distance of these two lines gives hpay,
expressed in milli Absorption Units (mAU).
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The limit of detection (LD) and the limit of quantification (LQ) depend on the
individual measurement conditions of the chemical analysis and are to be
determined by the user of the method. The Annex gives an example of its
determination with the following results:

hmax = 0,208 [MAU]; LD =3 x 0,208 [mAU] = 0,62 [mAU].
LQ =10x0, 208 [mAu] = 2,08 [mAU].

Recommendation:

With combined data out of the whole Anthocyanin composition such as the sum of
Acylated Anthocyanins or the ratio of Acetylated to Coumarylated Anthocyanins
the calculation should not be carried out in cases where one of the components is
below the limit of quantification (LQ).

On the other hand measurements below the limit of quantification (LQ) are not
devoid of information content and may well be fit for purpose [1].

Bibliography:

[1] Thompson, M.; Ellison, S.L.R. ; Wood, R., Harmonized Guidelines for Single-
Laboratory Validation of Methods of Analysis, Pure Appl. Chem. (2002) 74: 835-
855

8. FIDELITY PARAMETERS

The repeatability (r) and the reproducibility (R) values for the nine
anthocyanins are given in Table 2 and depend on the amount of the peak area.
The uncertainty measurement of a particular peak area is determined by the
value of r and R which corresponds to the nearest value given in Table 2.

The values made up of validation data can be calculated by following the
appropriate statistical rules. To calculate the total error (sr) for example of the
sum of acetylated anthocyanins, the variances (sr2) of specific the total error of
ratios, for example, that of acetylated to coumarylated anthocyanins the square
of relative errors (=sr/ai) are to be added. By using these rules, all the fidelity
values can be calculated by using the data in Table 2.

OIV-MA-AS315-11 : R2007 5



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV
Anthocyanins

vl

]' s o = =

s X
025] -'\jJ\N\NM\ﬁ( MWWWM MrerM Vi hﬂ
0,13 .U_-_-_ o P T B
i“’— ™ 7N " 310 3200 'ralz”s:

OIV-MA-AS315-11 : R2007



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV

Anthocyanins

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Annex A

Bibliography

Marx, R., B. Holbach, H. Otteneder; Determination of nine characteristic
Anthocyanins in Wine by HPLC; OIV, F.V.N° 1104 2713/100200

Holbach, B., R. Marx, M. Ackermann; Bestimmung der
Anthocyanzusammensetzung von Rotwein mittels
Hochdruckflussigkeitschromatographie (HPLC).
Lebensmittelchemie (1997) 51: 78 - 80

Eder, R., S. Wendelin, J. Barna; Auftrennung der monomeren
Rotweinanthocyane mittels Hochdruckflissigkeitschromatographie
(HPLC).Methodenvergleich und Vorstellung einer neuen Methode. Mitt.
Klosterneuburg (1990) 40: 68-75

ISO-5725-2: 1994 “Accuracy (trueness and precision) of measurement
methods and results - Part 2: Basic method for the determination of
repeatability and reproducibility”

Otteneder, H., Marx, R., Olschimke, D.; Method-performance study on
the determination of nine characteristic anthocyanins in wine by HPLC.
O.L.V. F.V.N° 1130 (2001)

Mattivi F.; Scienza, A.; Failla, O.; Vika, P.; Anzani, R.; Redesco, G.;
Gianazza, E.; Righetti; P. Vitis vinifera - a chemotaxonomic approach:
Anthocyanins in the skin. Vitis (special issue) 1990, 119-133

Roggero, I.P.; Larice, I.L.; Rocheville-Divorne, C.; Archier, P.; Coen, V.
Composition Antocyanique des cepages. Revue Francaise d’'Oenologie
1998, 112, 41-48

Eder, R.; Wendelin, S; Barna, J. Classification of red wine cultivars by
means of anthocyanin analysis. Mitt. Klosterneuburg 1994, 44, 201-212

Arozarena, |.; Casp, A.; Marin, R.; Navarro, M. Differentiation of some
Spanish wines according to variety and region based on their anthocyanin
composition. Eur. Food Res. Technol. 2000, 212, 108-112

Garcia-Beneytez, E.; Revilla, E.; Cabello, F. Anthocyanin pattern of

OIV-MA-AS315-11 : R2007



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV

Anthocyanins

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

several red grape cultivars and wines made from them. Eur. Food Res.
Technol. 2002, 215, 32-37

Arozarena, |.; Ayestaran, B.; Cantalejo, M.J.; Navarro, M.; Vera, M.;
Abril, K.; Casp, A. Eur. Food Res. Technol. 2002, 214, 313-309

Revilla, E.; Garcia-Beneytez, E.; Cabello, F.; Martin-Ortega, G.; Ryan, J-
M. Value of high-performance liquid chromatographic analysis of
anthocyanins in the differentiation of red grape cultivars and red wines
made from them. J. Chromatogr A 2001, 915, 53-60

Heier, A.; Blaas, W.; Drof3, A.; Wittkowski, R.; Anthocyanin Analysis by
HPLC/ESI-MS, Am.J.Enol.Vitic, 2002, 53, 78-86

Arozarena, |.; Casp, A.; Marin, R.; Navarro, M. Multivariate
differentiation of Spanish red wines according to region and variety. J.
Sci. Food Agric, 2000, 80, 1909-1917

Anonymous. Bekanntmachung des Bundesinstituts flr gesundheitlichen
Verbraucherschutz und Veterindarmedizin. Bundesgesundheitsbl.
Gesundheitsforsch. Gesundheitsschutz, 2001, 44, 748

Burns, I.; Mullen, W.; Landrault, N.; Teissedre, P.-L.; Lean, M.E.I.;
Crozier, A. Variations in the Profile and Content of Anthocyanins in
Wines made from Cabernet Sauvignon and hybrid grapes. J. Agric. Food
Chem. 2002, 50, 4096-4102

Otteneder, H.; Holbach, B.; Marx, R.; Zimmer, M. Rebsortenbestimmung
in Rotwein mittels Anthocyanspektrum. Mitt. Klosterneuburg, 2002, 52,
187-194

L.W. Wulf and C.W. Nagel; High-Pressure liquid chromatographic
separation of Anthocyanins of Vitis vinifera.
Am.J.Enol.Vitic 1978, 29, 42-49

OIV-MA-AS315-11 : R2007



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV
Anthocyanins

Annex B

Statistical results

Method performance study and evaluation

17 laboratories from 5 European Nations participated in the validation study of
the method under the coordination of the German Official State Laboratory for
Food Chemistry in Trier. The participants are listed in Table 3. An example of a
chromatogram is presented in Figure 1 and the detailed results are given in Table
2.

The statistical evaluation followed the Resolution 6/99 and the Standard 1SO
5725-1944 [4.5].

The chromatograms sent back with the results sheets fulfilled all requirements
concerning the performance of the analytical column. No laboratory had to be
completely eliminated, for example, because of a wrong peak identification.

The outlier values were searched using Dixon and Grubbs outlier testing
according to the procedure for “Harmonised Protocol — ITUPAC 1994 and the
OIV Resolution OENO 19/2002. The values of sr, sR, r and R were calculated
for 9 major anthocyanins at 5 content levels. For analytical results, the values of
the closest levels should be used.

In order to have a global vision of the method performance, all the values RSDr-
et RSDR- gathered are grouped by range of areas in the following table:

Table 1: Summary of the results of the method performance study

Range of relative peak Range of RSD, Range of RSDg
areas*[%o] [%%6] [9%%6]
>04-1.0 6.8-22.4 20.6 -50.9
>1.1-15 42-18.1 11.8-28.1
>1.5-35 21-7.7 10.6 - 15.6
>35-55 2.7-5.7 18.7-75
>55-75 24-39 6.5-10.0

>10-14 11-29 3.7-9.2

>14 - 17 1.0-3.9 32-54

>50 - 76 03-1.0 21-31
* independent of anthocyanin
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This leads to the conclusion that repeatabilities and reproducibilities depend on
the total sum of the relative peak areas. The higher they are, the better are RSDr
and RSDR. For anthocyanin contents close to the detection limit (e.g. Cyanidin-
3-glucoside) with small relatives areas (less than 1%) the RSDr et RSDR values
can rise significantly. For anthocyanin whose relative areas are more than 1%,
the RSDr and RSDR values are reasonable.

Figure 1: Separation of 9 anthocyanins in red wine

ANTHO13 #25 [modified by 4-98 uv_vis WVL:518
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8]

Mv-3-
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De-3-
al
Pt-3-
al

OIV-MA-AS315-11 : R2007 10



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS-OIV

Anthocyanins

Table 2: Results of the method performance study

Anthocyanin sample 1 sample 2 sample 3 sample 4 sample 5
Delphinidol-3-glucoside
n 14 14 16 15 16
mean 6.75 14.14 3.45 16.68 3.54
Sr 0.163 0.145 0.142 0.142 0.108
RSD((%) 2.4 1.0 4.1 0.8 3.1
r 0.46 0.41 0.40 0.40 0.30
SR 0.544 0.462 0.526 0.704 0.490
RSDg(%) 8.1 3.3 15.2 4.2 138
R 1.52 1.29 1.47 1.97 1.37
Cyanidol-3-glucoside
n 16 17 16 15 14
mean 2.18 1.23 0.61 1.46 0.34
Sr 0.086 0.053 0.043 0.110 0.031
RSD,(%) 4.0 43 7.1 75 9.2
r 0.24 0.15 0.12 0.31 0.09
SR 0.460 0.211 0.213 0.180 0.158
RSDg(%) 21.2 17.2 34.9 12.3 46.7
R 1.29 0.59 0.60 0.50 0.44
Petunidol-3-glucoside
n 15 17 16 14 15
mean 10.24 14.29 5.75 12.21 6.19
Sr 0.233 0.596 0.157 0.097 0.196
RSD:(%) 23 4.2 2.7 0.8 3.2
r 0.65 1.67 0.44 0.27 0.55
SR 0.431 0.996 0.495 0.469 0.404
RSDr(%) 4.2 7.0 8.6 338 6.5
R 1.21 2.79 1.39 1.31 1.13
Peonidol-3-glucoside
n 16 15 17 17 16
mean 11.88 6.23 13.75 7.44 4.12
Sr 0.241 0.166 0.144 0.232 0.174
RSD:(%) 2.0 2.7 1.0 31 4.2
r 0.68 0.47 0.40 0.65 0.49
SR 0.981 0.560 1.227 0.602 0.532
RSDr(%) 8.3 9.0 8.9 8.1 12.9
R 2.75 1.57 3.44 1.69 1.49
Malvidol-3-glucoside
n 16 15 17 16 16
mean 55.90 55.04 76.11 52.60 61.04
Sr 0.545 0.272 0.251 0.298 0.377
RSD:(%) 1.0 0.5 0.3 0.6 0.6
r 1.53 0.76 0.70 0.83 1.06
Sr 2.026 2.649 2.291 1.606 1.986
RSDr(%) 3.6 4.8 3.0 31 33
R 5.67 7.42 6.41 4.50 5.56
n = N° of laboratories retained after eliminating outliers
S = standard deviation of repeatability
RSD(%) = relative standard deviation of repeatability
r = repeatability
SR = standard deviation of reproducibility
RSDgr(%) = relative standard deviation of reproducibility
R = reproducibility
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Table 2: Results of the method performance study

Anthocyanin samplel | sample2 | sample3 | sample4 | sample5
Peonidol-3-acetylglucoside
n 14 16 14 16
mean 1.16 1.44 0.59 3.74
S 0.064 0.062 0.059 0.215
RSD,(%) 5.5 43 10.1 5.8
0.18 0.17 0.17 0.60
SR 0.511 0.392 0.272 0.374
RSDg(%) 43.9 27.2 46.4 10.0
R 1.43 1.10 0.76 1.05
Malvidol-3-acetylglucoside
n 16 17 17 16
mean 5.51 4.84 311 15.07
S 0.176 0.167 0.088 0.213
RSD,(%) 3.2 3.4 2.8 14
r 0.49 0.47 0.25 0.60
SR 0.395 0.366 0.496 0.617
RSDg(%) 7.2 7.6 16.0 41
R 1.11 1.02 1.39 1.73
Peonidol-3-coumarylglucoside
n 16 14 17 16
mean 1.26 0.90 0.89 1.32
S 0.130 0.046 0.060 0.058
RSD,(%) 10.3 51 6.8 4.4
r 0.36 0.13 0.17 0.16
SR 0.309 0.109 0.204 0.156
RSDg(%) 24.5 12.2 23.0 11.8
R 0.86 0.31 0.57 0.44
Malvidol-3-coumarylglucoside
n 17 17 17 16
mean 4.62 2.66 4.54 4.45
S 0.159 0.055 0.124 0.048
RSD,(%) 3.4 2.1 2.7 1.1
r 0.45 0.15 0.35 0.13
SR 0.865 0.392 0.574 0.364
RSDg(%) 18.7 147 12.6 8.2
R 242 1.10 1.61 1.02
n = N° of laboratories retained after eliminating outliers
S, = standard deviation of repeatability
RSD,(%) = relative standard deviation of repeatability
r = repeatability
SR = standard deviation of reproducibility
RSDg(%) = relative standard deviation of reproducibility
R = reproducibility
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Table 3: List of participants

ABC Labor Dahmen, Mulheim/Mosel

Chemisches Landes- und Staatliches
Veterindruntersuchungsamt Minster

O |o

Institut fiir Lebensmittelchemie Koblenz

Institut fir Lebensmittelchemie Speyer

Institut fur Lebensmittelchemie Trier

Institut fiir Lebensmittelchemie und Arzneimittel Mainz

Labor Dr. Haase-Aschoff, Bad Kreuznach

Labor Dr. Klaus Millies, Hofheim-Wildsachsen

Labor Heidger, Kesten

Landesveterindr- und Lebensmitteluntersuchungsamt Halle

Staatliche Lehr- und Forschungsanstalt fiir Landwirtschaft,
Weinbau und Gartenbau, Neustadt/Weinstral3e

/0|0 |]0O|0|0|0|0|0O

Staatliches Institut fiir Gesundheit und Umwelt, Saarbriicken

o

Staatliches Medizinal-, Lebensmittel- und
Veterindruntersuchungsamt, Wiesbaden

o

Laboratoire Interrégional de la D.G.C.C.R.F de Bordeaux,
Talence/France

T

Unidad de Nutricion y Bromotologia, Facultad de Farmacia,
Universidad de Salamanca, Salamanca/Espana

Im

University of Glasgow, Div. of Biochem. and Molek. Biology

Hohere Bundeslehranstalt und Bundesamt fiir Wein- und
Obstbau, Klosterneuburg

>

17 Laboratories D (13); A (1); F (1); E (1); UK (2)
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Method OIV-MA-AS315-12 Type IV method

Determination of plant proteins in wines and musts
(Resolution Oeno 24/2004)

The technique developed below enables to determine the quantity of proteins
possibly remaining in beverages treated with proteins of plant origin after racking.

1 PRINCIPLE

Wine and must proteins are precipitated with trichloroacetic acid, then
they are separated by electrophoresis in polyacrylamide gel in the presence of
dodecyl sodium sulphate (DSS). The addition of Coomassie blue colours the
proteins. The intensity of the colouration enables to determine the protein content
using a calibration curve made beforehand with the known protein concentration
solutions. The antigenic capacity of musts and treated wines is determined by
immunoblotting testing.

2 PROTOCOL

2.1 Concentration of proteins by precipitation with trichloroacetic acid (TCA)
2.1.1 Reagents
2.1.1.1 Pure trichloroacetic acid (TCA)

2.1.1.2 TCA at 0.1% prepared using 2.1.1.1: 0.1 g in
100 ml of water.

2.1.1.3 TCA at 100% prepared using 2.1.1.1: 100 g in
100 ml of water.

2.1.1.4 Sodium hydroxide 0.5 M
2.1.1.5 Buffer Tris/HCI 0.25 M pH=6.8

30.27 g of Tris-(hydroxymethyl)aminomethane (Tris) are dissolved in
300 ml of distilled water. The pH is adjusted to 6.8 with concentrated
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hydrochloric acid for analysis. The volume is completed to 1 | with
distilled water. The buffer is stored at 4°C.

2.1.1.6 Pure glycerol
2.1.1.7 Pure dodecyl sodium sulphate (DSS)
2.1.1.8 Pure 2-mercaptoethanol

2.1.1.9 Buffer solution for samples: it is made up of a buffer
Tris/HCI 0.25 M, pH=6.8 (2.1.1.5); 7.5% of pure glycerol (2.1.1.6); 2% of
dodecyl sodium sulphate (DSS) (2.1.1.7) and 5% of pure 2-
mercaptoethanol (2.1.1.8). The percentages of different reagents
correspond to the final concentration in the buffer solution.

2.1.2 Procedure

3 ml of trichloroacetic acid at 100% (2.1.1.3) and 24 ml of wine or must (treated or
untreated) are successively put in 50 ml centrifuge tubes. The final concentration
in TCA thus obtained is 11%.

After 30 minutes at 4°C, the samples are centrifuged at 10,000 rpm for 30
minutes at 4°C. The pellets are washed in an aqueous solution of TCA at 0.1%
(2.1.1.2), re-centrifuged and put again in suspension in 0.24 ml mixture (1:1, v/v)
of sodium hydroxide 0.5 M (2.1.1.4) and buffer solution (2.1.1.9). The samples are
heated at 100°C in a water bath for 10 minutes.

2.2 Electrophoresis in Polyacrylamide Gel in the presence of DSS
2.2.1 Reagents

2.2.1.1 Buffer Tris/HCI 1.5 M pH=8.8
181.6 g of Tris-(hydroxymethyl)aminomethane are dissolved in 300 ml of
distilled water. The pH is adjusted at 8.8 with concentrated hydrochloric acid for
analysis. The volume is completed to 1 | with distilled water. The buffer is stored
at 4°C.
2.2.1.2 Mixture of acrylamide (30%o)-bis-acrylamide (0.8%)—
glycerol (75%)
Slowly add 300 g of acrylamide and 8 g of bis-acrylamide to 600 ml of a
glycerol solution at 75%. After dissolution, adjust the volume to 1 | with glycerol
at 75%. The mixture is stored in the dark at room temperature.
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2.2.1.3 DSS at 10%
10 g of DSS are dissolved in 100 ml of distilled water. Store at
room temperature.
2.2.1.4 N,N,N’,N’-tetramethylenediamine (TEMED) for
electrophoresis
2.2.1.5 Ammonium persulfate at 10%
1 g of ammonium persulfate is dissolved in 10 ml of distilled
water. Store at 4°C.
2.2.1.6 Bromophenol blue solution
10 mg of bromophenol blue for electrophoresis are dissolved in 10 ml of
distilled water.
2.2.1.7 Solution for the separation gel (15% of acrylamide)
It is prepared just before use:
- 1.5 ml of Tris/HCI 1.5 M, pH=8.8 (2.2.1.1),
- 1.5 ml of distilled water,
- 3 ml of glycerol acrylamide mixture (2.2.1.2),
- 50 pl of DSS 10% (2.2.1.3),
- 10 pl of N,N,N’,N’-tetramethylenediamine (TEMED) for electrophoresis
(2.2.1.4),
- 20 pl of ammonium persulfate (2.2.1.5).
- 1 drop of bromophenol blue (2.2.1.6)
2.2.1.8 Buffer Tris/HCI 0.5 M pH=6.8
60.4 g of Tris-(hydroxymethyl)aminomethane are dissolved in 400 ml of
distilled water. The pH is adjusted to 6.8 with concentrated hydrochloric acid for
analysis. The volume is completed to 1 | with distilled water. The buffer is stored
at 4°C.
2.2.1.9 Mixture of acrylamide (30%o)-bis-acrylamide (0.8%)—
water
Slowly add 300 g of acrylamide and 8 g of bis-acrylamide to 300 ml of
water. After dissolution, adjust the volume to 1 | with distilled water. The mixture
is stored in the dark at room temperature.
2.2.1.10 Concentration gel at 3.5% of acrylamide
It is prepared just before use:
- 0.5 ml of Tris/HCI 0.5 M pH=6.8 (2.2.1.8),
- 1.27 ml of distilled water,
- 0.23 ml of water acrylamide mixture (2.2.1.9),
- 20 pl of DSS 10% (2.2.1.3),
- 5 ul of N,N,N’,N’-tetramethylenediamine (TEMED) for electrophoresis (2.2.1.4),
- 25 pl of ammonium persulfate (2.2.1.5),
- 1 drop of bromophenol blue (2.2.1.6).
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2.2.1.11 Migration buffer
30.27 g of Tris-(hydroxymethyl)aminomethane, 144 g of glycine and 10 g
of DSS are dissolved in 600 ml of distilled water. The pH should be 8.8. If
necessary, it is adjusted with concentrated hydrochloric acid for analysis. The
volume is completed to 1 I with distilled water. The buffer is stored at 4°C. At the
time of use, the solution is diluted to 1/10 in distilled water.
2.2.1.12 Colouring solution
Are successively mixed:
- 16 ml of ultra-pure Coomassie brilliant blue G-250 at 5% (5 g in 100 ml of
distilled water),
- 784 ml from a 1 I solution where 100 g of ammonium sulphate and 13.8 ml of
orthophosphoric acid at 85% were dissolved for analysis,
- 200 ml of absolute ethanol.
2.2.1.13 Discolouring solution
Are successively mixed:
- 100 ml of glacial acetic acid 100% for analysis,
- 200 ml of absolute ethanol for analysis.
- 700 ml of distilled water.

2.2.2 Procedure
The separation gel solution (2.2.1.7) is poured between two glass
plates of 7x10cm. The upper surface of the gel is levelled by the addition of 2
drops of distilled water.

After polymerisation of the separation gel and the elimination of water, 1
ml of concentration gel (2.2.1.10) is deposited on the separation gel using a 1 ml
pipette. Then the comb is set up whose imprints will create deposit wells.

The samples necessary for the calibration range are prepared in a mixture
(1:1), vlv, 0.5% M sodium hydroxide (2.1.1.4) and the buffer solution (2.1.1.9) in
order for the calibration range be between 5 pg/ml and 50 pg/ml.

20 to 30 pl of wine and calibration solution are deposited in the wells.

After migration (at a constant voltage of 90 V) at room temperature for
about 3-4 hours, the gels are removed from the mould. They are immediately
plunged into 50 ml of an aqueous solution of TCA 20% for 30 minutes then in 50
ml of the colouring solution (2.2.1.12).

The proteins appear in the form of blue coloured bands. The gel is then
discoloured with 50 ml of discolouring solution (2.2.1.13). When the bottom of the
gel is transparent, it is placed in distilled water for storage.
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3. QUANTITATIVE ANALYSIS

The intensity of each spot is evaluated by using a scanner for gel with an
image analyser software. The quantity of protein on the gel is determined by the
calculation of the average density of the pixels of the band and by integration of
the band width. The protein content of each sample is obtained using a calibration
curve. The points of this curve are obtained by tracing the known concentration
values of plant proteins deposited on the gel depending on the corresponding
integration area.

The detection and quantification limit is about 0.030 ppm for peas and at 0.36 ppm
for gluten, in an environment concentrated 100 times. The coefficient of variation
is always below 5%.

4 SEARCH BY IMMUNOBLOTTING OF THE ANTIGENIC
POTENTIAL OF WINES AND MUSTS TREATED
The antigenic capacity of proteins that could remain in the beverages
treated after racking is then evaluated.

4.1 PRINCIPLE

After electrophoresis, the gels are submitted to the immunoblotting technigque. The
proteins are transferred to a membrane where they are adsorbed. An antigen—
antibody complex is formed by the addition of a plant anti-protein antibody (for
example anti-gliadin antibodies if the plant protein is gluten). The method is
revealed by the addition of an antibody directed against the plant anti-protein
antibodies coupled with phosphatase. In the presence of the chromogenic substrate
of the enzyme, a colouration whose intensity will be proportional to the quantity of
immunocomplexes will develop. This immunoreactivity will be quantified using a
calibration curve made with known concentration plant proteins solutions.

4.2 PROTOCOL
4.2.1 . Reagents
4.2.1.1 Transfer buffer

3.03 g of Tris, 14.4 g of glycine (R), 200 ml of methanol (R) are mixed

and completed to 1 | with distilled water.
4.2.1.2 Gelatine 1%

8.77 g of sodium chloride (R), 18.6 g of ethylenediaminetetraacetic acid
(EDTA) for analysis, 6.06 g of Tris and 0.5 ml of Triton X are dissolved in 800 ml
of distilled water. The pH is adjusted to 7.5 with concentrated hydrochloric acid
for analysis. 10 g of gelatine are added and the volume is completed to 1 .

4.2.1.3 Gelatine 0.25%

8.77 g of sodium chloride (R), 18.6 g of ethylenediaminetetraacetic acid

(EDTA) for analysis, 6.06 g of Tris and 0.5 ml of Triton X are dissolved in 800 ml
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of distilled water. The pH is adjusted to 7.5 with concentrated hydrochloric acid
for analysis. 2.5 g of gelatine are added and the volume is completed to 1 1.
4.2.1.4 Polyclonal antibody solution (marketed or
described in the annex)
- 10 pl of polyclonal plant anti-protein antibodies
- ¢.s.f. 10 ml with gelatine at 0.25% (4.2.1.3).
4.2.1.5 TBS buffer
29.22 g of sodium chloride for analysis and 2.42 g of tris are dissolved in 1 | of
distilled water.
4.2.1.6 Alkaline phosphatase buffer
5.84 g of sodium chloride (R), 1.02 g of magnesium chloride (R) and 12.11
g of Tris are dissolved in 800 ml of distilled water. The pH is adjusted to 9.5 with
concentrated hydrochloric acid and the volume is completed to 1 1.
4.2.1.7 Developer
15 g of bromochloroindol phosphate (BICP) and 30 g of nitro blue
tetrazolium (NBT) are dissolved in 100 ml of alkaline phosphatase buffer (4.2.1.6).

4.2.2 Procedure

After electrophoresis, the proteins are transferred from the gel to a
membrane of polyvinylidene difluoride by electrophoretic elution: 16 hours at 4°C
at 30 V in the transfer buffer (4.2.1.1). The membranes are saturated with gelatine
at 1% (4.2.1.2) and washed 3 times with gelatine at 0.25% (4.2.1.3). The gelatine
becomes set on free sites and inhibits non specific adsorption of immunological
reagents. The membrane is then plunged into 10 ml of the plant anti-protein
polyclonal antibody solution (4.2.1.4). For gluten, the anti-gliadin antibodies are
purchased. The other antibody types are prepared according to the method
provided for in the annex. The lIgG-antigen complex is detected by the addition of
10 ul of anti-lgG rabbit antibodies marked with alkaline phosphatase. The
membranes are washed twice with gelatine 0.25% (4.2.1.3) and once with the TBS
buffer (4.2.1.5). After incubation in the developer (4.2.1.7), a dark purple
precipitate is formed in the spot where the enzyme is attached.

4.3 QUANTITATIVE ANALYSIS

In order to calculate the quantity of residual immunoreactivity of a
marketed wine, a calibration curve is traced out: known concentrations of plant
proteins deposited on the gel (and transferred to a membrane) depending on the
areas obtained by integration of the intensity of the spots corresponding to the
formation of immune-complex. The analysis is done with the same equipment as
for analysing electrophoresis gels.
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ANNEX

Production of polyclonal anti-peas

Anti-peas polyclonal antibodies necessary for the determination of
antigenic capacity of pea proteins in wine and musts treated are being carried out
on animals.

1 Principle

Serums containing polyclonal antibodies are obtained from New Zealand
rabbits after an intradermal injection of antigen.

2 Protocol
2.1 Reagents

2.1.1 PBS pH=7.4 phosphate buffer: 8 g of NaCl, 200 mg of KCI, 1.73 of
Na,HPO, H,0 and 200 mg of KH,PO, are dissolved in 300 ml of distilled water.
pH is adjusted to 7.4 with sodium hydrate 1 M. The volume is brought to 1 | with
distilled water.

2.1.2 Antigens:

10 mg of pea protein is dissolved in 5 ml of PBS phosphate buffer

(2.1.1). The solution is then filtered under sterile conditions

through 0.2 um and stored at —20°C until the day of immunization.
2.2 Procedure

1 ml of 2.1.2. solution is mixed with 1 ml of Freund complete adjuvant. 1
ml of this mixture is injected intradermically to a New Zealand rabbit weighing
approximately 3 kg. This injection is repeated on day 15, day 30 and day 45.

60 days after the first injection, 100ul of blood were withdrawn from the
auricular vein which was then tested for its capacity to react to antigens.
Immunoblotting was used for this evaluation as described in Chapter 4.2 of the
analysis method using a gel with a pea protein which migrated on the gel.

After checking the formation of an antigen-antibody complex, 15 ml of blood were
withdrawn from the auricular vein. The blood is placed at 37°C for 30 minutes.
The serum containing the anti-pea polyclonal antibodies is withdrawn after
centrifuging the blood at 3000 rpm for 5 minutes.
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Method OIV-MA-AS315-13 Type IV method

Determining the presence and content of polychlorophenols
and polychloroanisols in wines, cork stoppers, wood and

bentonites used as atmospheric traps
(Resolution 8/2006)

WITHDRAWN
(Replaced by OIV-MA-AS315-16)
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Method OIV-MA-AS315-14 Type IV method

Measurement of lysozyme in wine

by high performance liquid chromatography
(Resolution Oeno 8/2007)

1. Introduction
It is preferable to have an analysis method available for lysozyme which is not
based on enzyme activity.

2. Scope
The method allows the quantification of lysozyme (mg of protein per I) present
in red and white wines independently of the enzyme activity (which could be
inhibited by partial denaturation or by complex formation or coprecipitation
phenomena) found in the test solution.

3. Definition
HPLC provides an analytical approach based on steric, polar or adsorptive
interactions betwen the stationary phase and the analyte, and is therefore not
linked to the actual enzyme activity exhibited by the protein.

4. Principle
The analysis is carried out using HPLC with a spectrophotometric detector
combined with a spectrofluorimetric detector. The unknown quantity in the
wine sample is calculated on the chromatographic peak areas, using the
external calibration method.

5. Reagents
5.1. Solvents and working solutions
HPLC analysis on Acetonitrile (CH3;CN)
Pure trifluoroacetic acid (TFA)
deionised water for HPLC analysis
Standard solution: Tartaric acid 1g/L, Ethyl alcohol 10% v/v, adjusted to
pH 3.2 with neutral potassium tartrate.
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5.2. Eluents
A: CH;CN 1%, TFA 0.2 %, H,O= 98.8%
B: CH5CN 70%, TFA 0.2 %, H,0= 29.8%

5.3. Reference solutions
Quantities from 1 to 250 mg/L standard lysozyme, dissolved in standard
solution by stirring continuously for at least 12 hours.

6. Equipment
6.1. HPLC apparatus equipped with a pumping system suitable for
gradient elution
6.2. Thermostated column compartment (oven)
6.3. Spectrophotometer combined with spectrofluorimeter
6.4. 20 pL loop injection
6.5. Column: polymer in reverse phase with phenyl functional groups

(diameter of pores = 1000 A, exclusion limit = 1000000 Da) Toso
Bioscience TSK-gel Phenyl 5PW RP, 7.5 cm x 4.6 mm ID as an
example

6.6. Pre-column in the same material as the column: Toso Bioscience
TSK-gel Phenyl 5PW RP Guardgel, 1.5 cm 3.2mm ID as an example

7. Preparation of the sample
The wine samples are acidified with HCI (10M) diluted 1/10 and filtered using
a polyamide with 0.22 um diameter pores filter, 5 minutes after the addition.
The chromatography analysis is carried out immediately after filtering.

8. Operating conditions

8.1. Eluent flow-rate: ImL/min
8.2. Temperature of column: 30°C
8.3. Spectrophotometric detection: 280 nm
8.4. Spectrofluorimetric detection:
Aex =276 nm;
A em = 345 nm;
Gain =10
8.5. Gradient elution sequence
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Time (min) A% | B% | gradient

0 100 0

isocratic
3 100 0

linear
10 65 35

isocratic
15 65 35

linear
27 405 | 595

linear
29 0 100

isocratic
34 0 100

linear
36 100 0

isocratic
40 100 0

8.6 Average retention time of lysozyme: 25.50 minutes

9. Calculation

The reference solutions containing the following concentrations of lysozyme:
1; 5; 10; 50; 100; 200; 250 mg/L are analysed in triplicate. For each
chromatogram, the peak areas corresponding to the lysozyme are plotted
according to the respective concentrations, in order to obtain the linear
regresssion lines expressed by the formula Y= ax+b. The correlation
coefficient r* must be > 0.999

10. Characteristics of the method

A validation study was carried out for the purpose of assessing the suitability
of the method for the purpose in question, taking into account linearity, limits
of detection and quantification and the accuracy of the method. The latter
parameter was determined by defining the levels of precision and trueness of
the method.
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10.1 Linearity of the method
Based on the results obtained from the linear regression analysis, the
method proved to be linear within the ranges shown in the table below:

) LD LQ Repeatability Reproducibility
Linearity | Line Correlation | (mg/L) | (mg/L) (n=5) (n=5)
. coefficient RSD% RSD%
range | gradient &) T 2 3 T
(mg/L) Std* |V.R.?|V.B. Std
uv 5-250 3786 0,9993 1,86 6,20 | 4,67 554 |0,62 1,93
FLD 1-250 52 037 0,9990 0,18 0,59 |261] 237|068 2,30

Table 1: Data related to characteristics of the method: * standard solution ; 2 red
wine ; % white wine

10.2 Limit of detection and limit of quantification
The detection limit (LD) and limit of quantification (LQ) were calculated
as the signal equivalent to respectively 3 times and 10 times the
background chromatography noise under working conditions on an actual
test solution (table 1),

10.3 Precision of the method
The parameters taken into account were repeatability and
reproducibility. Table 1 shows the values of these parameters (expressed
as %age St.dv. of measurements repeated in different concentrations)
found for standard solution, red wine and white wine

10.4 Trueness of the method
The percentage recovery was calculated on the standard solutions
containing 5 and 50 mg/L of lysozyme, with known quantities of
lysozyme added, as shown in the table below.
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Lysozyme
Nominal Quantity | Theoretical [C] Std.Dev. %age
initial [C] added [C] (mg/L) | found recovery
(mg/L) (mg/L)
uv 50 13.1 63.1 623 | 386 99
280 nm ) ) ' '
FD 50 13.1 63.1 64.5 5.36 102
uv
280 nm 5 14.4 19.4 17.9 1.49 92.1
FD 5 14.4 19.4 19.0 1.61 97.7
zoEs0s{ A
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Fig.1 Chromatogram of red wine containing pure lysozyme (standard solution
containing 1 000 mg/L of lysozyme was added to wine to obtain a final
concentration of 125 mg/L of lysozyme). A: UV detector at 280 nm; B: UV
detector at 225 nm; C: FLD detector (A ex 276 nm; A em 345 nm).

OIV-MA-AS315-14 : R2007 5



COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS - O1IV
Lysozyme

11. Bibliography

Claudio Riponi; Nadia Natali; Fabio Chinnici. Quantitation of hen’s egg white
lysozyme in wines by an improved HPLC-FLD analytical method. Am. J. Enol.

Vit., in press.

OIV-MA-AS315-14 : R2007



COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS - OIV
3-Methoxypropane-1,2-diol and Cyclic Diglycerols

Method OIV-MA-AS315-15 Type Il method

Determination of 3-methoxypropane-1,2-diol and cyclic
diglycerols (by-products of technical glycerol) in wine by GC-MS

- description of the method and collaborative study -
(Resolution Oeno 11/2007)

1. Introduction

This is an internationally validated method for the determination of 3-
methoxypropane-1,2-diol (3-MPD) and cyclic diglycerols (CycDs) - both being
recognised as impurities of technical glycerol - in different types of wine. It is
known that glycerol produced by transesterification of plant and animal
triglycerides using methanol contains considerable amounts of 3-MPD. The
synthesis of glycerol from petrochemicals leads to impurities of CycDs. One of the
published methods [1, 2, 3i] was adopted, modified and tested in an collaborative
study. Here we present the optimized method and report the results of the
collaborative study [2]. Design and assessment of the validation study followed the
O.L.V. Resolution 8/2000 “Validation Protocol of Analytical Methods”.

2. Scope

The described method is suitable for the determination of 3-MPD and 6 cyclic
diglycerols (cis-, trans-2,6-bis(hydroxymethyl) 1,4-dioxane; cis-, trans-2,5-
bis(hydroxymethyl) 1,4-dioxane; cis-, trans-2,-hydroxymethyl-6-hydroxy-1,4-
dioxepane) in white, red, sweet and dry wines. The study described covers the
concentration range of 0.1 to 0.8 mg/L for 3-MPD and 0.5 to 1.5 mg/L for the
CycDs.

3. Definitions
3-MPD 3-methoxypropane-1,2-diol
ANOVA Analysis of Variance
C Concentration
CycDs Cyclic diglycerols
GC-MS Gas chromatography — mass spectrometry
H, Hydrogen
IS Internal standard
m/z mass/charge ratio
ML Matrix calibration level
SO Standard dilution 1000 ng/pL
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S1 Standard dilution 100 ng/uL
S2 Standard dilution 10 ng/uL
4. Principle

The analytes and the internal standard are salted-out by addition of K,COs, and
extracted using diethyl ether. Extracts are analyzed directly by GC-MS on a polar
column. Detection is then carried out in selected ion monitoring mode.

5. Reagents and Materials

5.1. Chemicals

5.1.2 Diethyl ether Uvasol for spectroscopy

5.1.3 Molecular sieve (2 mm diameter, pore size 0.5 nm)
5.1.4 Ethanol (Absolute)

5.2. Standards
5.2.1 Cyclic diglycerol mixture (6 components) Solvay Alkali GmbH !,
89.3 %
cis-, trans-2,6-bis(hydroxymethyl) 1,4-dioxane; cis-, trans-2,5-
bis(hydroxymethyl)  1,4-dioxane; cis-, trans-2,-hydroxymethyl-6-
hydroxy-1,4-dioxepane

5.2.2  3-Methoxypropane-1,2-diol (3-MPD) 98% (CAS 623-39-2)
5.2.3 Butane-1,4 -diol-1,1,2,2,3,3,4,4-(*H)s 98% (CAS 74829-49-5)

5.3. Preparation of standard solutions

5.3.1 SO stock solutions

Accurately weigh 10.0 mg = 0.05 mg of each standard substance (11.2 mg are
weighed for the CycDs, corresponding to 89.3 % purity) and transfer them to a
10 mL volumetric flask (one for each). Add exactly 10 mL of ethanol and mix
thoroughly. The concentration of this solution is 1000 ng/pL.

5.3.2  S1 working solutions

Volumetrically transfer 1000 puL of the SO stock solution (6.3.1) to a 10 mL
volumetric flask, dilute the contents to volume with ethanol, thoroughly stopper
the flask and invert to mix. The concentration of this solution is 100 ng/pL.

! Solvay Alkali GmbH no longer provides the standard mixture; solutions of the mixture
may be obtained from the BfR. Federal Institute for Risk Assessment, Thielallee 88-92, D-
14195 Berlin. www.bfr.bund.de; poststelle@bfr.bund.de
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5.3.3  S2 working solutions

Volumetrically transfer 100 puL of the SO stock solution (6.3.1) to a 10 mL
volumetric flask, dilute the content to volume with ethanol, thoroughly stopper the
flask and invert to mix. The concentration of this solution is 10 ng/uL.

Overview of required standard solutions:
CycDs mixture (6 components)

Solution Concentration
SO 1000 ng/uL
S1 100 ng/uL

3-Methoxypropane-1,2-diol (3-MPD)

Solution Concentration

SO 1000 ng/uL
S1 100 ng/uL
S2 10 ng/uL

1,4 Butane-1,4-(*H)s (internal standard IS)

Solution Concentration
SO 1000 ng/uL
S1 100 ng/uL

5.4. Preparation of the matrix calibration curve

Matrix-matched calibration solutions are prepared in an uncontaminated wine. It is
necessary to analyze this wine first to check that it is not contaminated with 3-
MPD or CycDs. If the concentrations of the analytes in the sample are outside the
range of the calibration curve, additional levels must be prepared. To ensure that
the internal standard does not interfere with any wine components, a blank should
be included.

OIV-MA-AS315-15 : R2007 3



COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS - OIV
3-Methoxypropane-1,2-diol and Cyclic Diglycerols

Table 1. Pipetting scheme of matrix calibration

Matrix Volume C Wine C Wine
calibration Wine
level
Spike pl mi pg/L mg/L
Blank IS - 10 0 0
3-MPD -
CycDs -
MLO IS 100 S1 10 1000 1.00
3-MPD -
CycDs -
ML1 IS 100 S1 10 1000 1.00
3-MPD 100 S2 100 0.10
CycDs 50 S1 500 0.50
ML2 IS 100 S1 10 1000 1.00
3-MPD 25 S1 250 0.25
CycDs 100 S1 1000 1.00
ML3 IS 100 S1 10 1000 1.00
3-MPD 50 S1 500 0.50
CycDs 20 S0 2000 2.00
ML4 IS 100 S1 10 1000 1.00
3-MPD 100 S1 1000 1.00
CycDs 30 SO 3000 3.00
ML5 IS 100 S1 10 1000 1.00
3-MPD 200 S1 2000 2.00
CycDs 40 S0 4000 4.00

6. Apparatus

6.1 Analytical balance.£0.0001 g readability.

6.2 Lab centrifuge (at least 4000 rpm/min)

6.3 Gas chromatograph.-With mass spectrometric detector, split-splitless
injector,

6.4 Diverse precision pipettes and volumetric flasks
6.5 Pasteur pipettes

6.6 40 mL centrifugation vials

6.7 GC-vials (1.5 -2.0 mL)

6.8 Thermostat

6.9 Shaking machine

OIV-MA-AS315-15 : R2007 4



COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS - OIV
3-Methoxypropane-1,2-diol and Cyclic Diglycerols

7. Sampling

Wine samples for the analysis should be taken in a sufficient size. Volume needed
for one test sample is 10 mL. The wine used for the preparation of the matrix-
calibration (5.4) shall be free of analyte.

8. Procedure

8.1. Extraction

Add 100 pL internal standard solution S1 (6.3.2) to 10 mL wine to a suitable
centrifugation vial e.g. 40 mL. (This corresponds to a concentration of 1 mg/L
butane-1,4-(*H)g). Carefully add 10 g of K,CO; and mix. Take care during this
addition as heat is produced due to the release of CO,. After cooling the solution
to approximately 20 °C in a water bath, add 1 mL diethyl ether. Homogenise the
mixture for 5 minutes using a vertical-shaking machine. Centrifuge the vials at
4000 rpm for 5 min. For better removal of the organic phase, the extract can be
partially transferred into a vial with a smaller diameter. Using a Pasteur pipette,
transfer the upper organic phase, composed of diethyl ether and ethanol, into a GC
vial. Add approximately 120 mg of molecular sieve into the vial. Close the vial,
leave for at least 2 h and shake well from time to time. The clear supernatant is
transferred to a second GC vial for the GC-MS analysis.

8.2. GC-MS Analysis

Specific parameters for the GC-MS analysis are provided below. Alternative
systems may be used, if they provide a similar chromatographic performance and
adequate sensitivity. The chromatographic system must be able to separate the
internal standard from phenylethanol, a potential interference.

Typical GC conditions
Gas chromatograph: HP 5890 or equivalent
DB-Wax (J&W) column 60 m, 0.32 mm internal diameter, 0.25 um film thickness,
2 m capillary containment same dimensions or equivalent
Carrier gas: H,
Flow: Pressure 60 k Pa column head
Temperature program:

90° C, 2 min., ramp at 10°C/min. up until 165° C, held for 6 min., ramp at 4°
C/min to 250°C, held for 5 min.
Injection temperature: 250° C; Injected volume; 2 pL, 90 sec splitless for 90 s.
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Specificl MS conditions
Mass spectrometer: Finnigan SSQ 710 or equivalent
Transfer line: 280° C
Source: 150° C
MS detection:

windowl.: 0-25 min.:
14.3 min. 3-MPD: m/z 75, m/z 61
16.7 min IS: m/z 78, m/z 61

Acquisition time for each mass is 250 ps (dwell time).

Monitor for m/z 91 the separation of the internal standard (IS) peak from
phenylethanol, which also produces a fragment m/z 78.

window 2. 25-40 min.:

32-34.5 min.  CycDs: m/z 57, m/z 117

Acquisition time for each mass is 250 ps (dwell time).

It has been observed that the analysis may degrade chromatographiccolumn. In
particular, the injection of the high boiling CycDs mixture is suspected to cause
irreversible damage. Injections of reference standard solutions should be avoided;
analysis should be restricted to salted-out solutions with low analyte
concentrations. In addition it is recommended to use a 1-2 m pre column in order
to protect the analytical column. Nevertheless, the analytical column has to be
considered as a consumable and must be replaced quite regularly.

9. Evaluation

9.1. Identification

Record the relative retention time of each analyte to the IS. Calculate the mean
relative retention time of the analytes in the calibration standards. The relative
retention time of the analyte should be the same as that of the standard within a
margin of £ 0.5 %. As a confirmation criterion, an ion ratio can be calculated for
each analyte from the selected ion monitoring. This ratio is 117/57 for CycDs,
75/61 for 3-MPD and 78/61 for the 1S. The ratio should be within + 20 % of that
which is found in the spiked sample. Confirmation of the identity of substances by
full scan using ionsn can also be used.

9.2. Quantification

The quantification is done by a matrix calibration curve prepared according to
appropriate section. The analyte/IS area ratios of the indicated mass ratios are
correlated by linear regression against the concentration of the analyte.
Quantification of the CycDs is achieved by summing the peak area of all six peaks
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and calculating the total content, to allow for other distributions of the six
characteristic CycDs than in the standard. The following m/z values are used for
guantification:

3-MPD: m/z 75
IS: m/z 78
CycDs: m/z 117

9.3. Expression of results
Results should be expressed in mg/L for 3-MPD and CycDs with two decimals
(e.g. 0.85 mg/L).

9.4 Limit of Detection and limit of quantification

The limit of detection (LD) and the limit of quantification (LQ) depend on the
individual measurement conditions of the chemical analysis and are to be
determined by the user of the method.

The limit of detection (LD) and the limit of quantification (LQ) were estimated
using the instrumentation and conditions mentioned exemplarily above (s. 8)
following the instructions in the resolution OENO 7-2000 (E-AS1-10-LIMDET)
“Estimation of the Detection and Quantification Limits of a Method of Analysis®.
Along the line of the ,,Logic Diagram for Decision-Making* in N° 3 the graph
approach has to be applied following paragraph 4.2.2. For this purpose a part of
the ion trace (m/z) chromatogram is drawn extendedly enclosing a range of a
tenfold peak width at mid-height (w,) of an analyte peak in a relevant part of the
chromatogram. Furthermore two parallel lines are drawn which just enclose the
maximum amplitude of the signal window.

The distance of these two lines gives hma, €Xpressed in abundance units is
multiplied by 3 for LD, by 10 for LQ and finally converted into concentration units
by implementing the individual response factor.

3-MPD:
LD: 0,02 mg/Il
LQ: 0,06 mg/Il
CycDs (sum):
LD: 0,08 mg/Il
LQ: 0,25 mg/Il

(Note: Since the CD are a mixture of six single compounds with the same response
factor - due to their chemical equality - and with h, constant in the relevant part
of the chromatogram the LD and LQ for each single compound are one sixth of the
figures above)
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10. Precision (interlaboratory validation)

Eleven laboratories participated in the collaborative study. The participating
laboratories have proven experience in the analysis of the by-products. All of them
participated in the pre-trial.

Repeatability (r) and reproducibility (R) and the respective standard deviations (S,
and Sg) were found to be correlated statistically significantly with the
concentration of the analytes (ANNEX: Figures 1 and 2), r with more than 95%
probability and R with more than 99% probability for each of the analytes using
the linear regression model.

The actual performance parameters can be calculated by:

3-MPD

Sr =0,060 x _ .
SR = 0,257 x X = concentration of 3-MPD [mg/L]
r =0,169 x

R = 0720 x x = concentration of 3-MPD [mg/L]

CycDs

Sr =0,082x X = concentration of CycDs [mg/L]
SR =0,092 x + 0,070

r =0,230 x

X = concentration of CycDs [mg/L]
R =0,257 x + 0,197
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ANNEX (Interlaboratory Study)

Participants
11 international laboratories participated in the collaborative study (5). The
participating laboratories have proven experience in the analysis of the by-
products. All of them participated in the pre-trial:

CSL, York, UK

Unione Italiana Vini, Verona, Italy

BfR, Berlin, Germany

BLGL, Wirzburg, Germany

Istituto Sperimentale per I'enologia, Asti, Italy

LUA, Speyer, Germany

Labor Dr. Haase-Aschoff, Bad Kreuznach, Germany

CLUA, Minster, Germany

Kantonales Laboratorium, Fillinsdorf, Switzerland

LUA, Koblenz, Germany

ISMAA, S. Michele all Adige, Italy

Samples

In November 2002, participating laboratories were sent 11 wine samples consisting
of five sets of blind duplicates and one further single test material. Dry white
wines, dry red wines and a sweet red wine were used for test materials. The
samples were subjected to homogeneity testing previously (ii).

Data analysis

Statistical analysis was carried out according to the “Protocol for the Design,
Conduct and Interpretation of Method Performance Studies” (iii) using a blind
duplicate model.

1. Determination of outliers was assessed by Cochran, Grubbs and paired Grubbs
tests.

2. Statistical analysis was performed to obtain repeatability and reproducibility
data.

3. Horrat values were calculated.
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Table 2. Results for 3-MPD

Sample A SampleB  SampleC  Sample F  Sample G

White Red White Sweet red White

wine wine ? wine wine wine

Mean mg/L 0.30 0.145 0.25 0.48 0.73

Spiked mg/L 0.30 0.12 - - 0.80
Recovery % 100 121 - - 91
n 10 102 10 10 10
nc 1 12 1 1 1
outliers 2 0 0 1 1
nl 7 92 9 8 8

r 0.03 - 0.05 0.08 0.13

sr 0.01 - 0.02 0.03 0.05

RSDr % 3.20 - 7.20 5.80 6.57

Hor 0.30 - 0.60 0.50 0.59

R 0.13 0.13 0.15 0.31 0.59

SR 0.05 0.05 0.05 0.11 0.21

RSDr % 15.50 32.67 21.20 22.70 28.91

HoR 0.80 1.53 1.10 1.30 1.72

2 Single test sample; n, nc and n1 are single results

mean

n

nc
outliers

nl

S
RSD,
r

Ho,

RSDr
Hog

arithmetic mean of the data used in the statistical analysis

total number of sets of data submitted

number of results (laboratories) excluded due to non-compliance
number of results (laboratories) excluded due to determination as
outliers by either Cochran’s or Grubbs’ tests

number of results (laboratories) retained in statistical analysis

the standard deviation of the repeatability

the relative standard deviation of the repeatability (S,x100/mean)
repeatability (2.8 x S;)

the Horrat value for repeatability is the observed RSD, divided by the
RSD, value estimated from the Horwitz equation using the assumption
r=0.66R

reproducibility (between laboratory variation) (2.8 x Sg)

the standard deviation of the reproducibility

the relative standard deviation of the reproducibility (Sgx100/mean)
the Horrat value for reproducibility is the observed RSDg value
divided by the RSDg value calculated from the Horwitz equation
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rand R[ mg/L]

0 0,2 0,4 0,6 0,8
X = Concentration of 3-MPD [mg/L]

Figure 1. Correlation between 3-MPD concentration and r and R.
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Table 3. Results for cyclic dyglycerols

Sample A°  SampleB  SampleD  Sample F Sample G

White Red Red Sweet red White

wine wine® wine wine wine

Mean mg/L 1.55 0.593 0.80 0.96 0.56
Spiked mg/L 1.50 0.53 0.50
Recovery % 103 113 112

n 11 11% 11 11 11

nc 0 0 0 0 0
outliers 2 0 1 2 1

nl 9 11° 10 9 10

r 0.37 - 0.19 0.18 0.15

sr 0.13 - 0.07 0.07 0.05

RSDr % 8.50 - 8.60 6.70 9.30
Hor 0.90 - 0.80 0.60 0.80

R 0.61 0.379 0.39 0.41 0.34

sR 0.22 0.135 0.13 0.15 0.12
RSDR % 14.00 22.827 17.30 15.20 21.50
HoR 0.90 1.319 1.00 0.90 1.20

& Single test sample; n and nc are single results
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Figure 2. Correlation between CycDs concentration and r and R.

(1) Bononi, M., Favale, C., Lubian, E., Tateo F. (2001)
A new method for the identification of cyclic diglycerols in wine
J. Int. Sci. Vigne Vin. 35, 225-229

(2) Thompson, M. and Wood, R. (1993)
International Harmonised Protocol for the Proficiency Testing of
(Chemical) Analytical Laboratories - J AOAC Int 76, 926-940

(3) Horwitz ,W. (1995)

Protocol for the design, conduct and interpretation of method-
performance studies

Pure and Applied Chemistry 67, 331-343

OIV-MA-AS315-15 : R2007

13



COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS - O1IV
2,4,6-trichloroanisole

Method OIV-MA-AS315-16 Type IV method

Determination of releasable 2,4,6-trichloroanisole

In wine by cork stoppers
(Resolution OIV-Oeno 296/2009)

1 SCOPE:

The method of determination of releasable 2,4,6-trichloroanisole (TCA) by cork
stoppers measures the quantity of TCA released by a sample of cork stoppers
macerated in a aqueous-alcoholic solution. The aim of this method is to evaluate
the risk of releasing by the lot of analyzed cork stoppers and to provide a method
for controlling the quality of cork stoppers.

2 PRINCIPLE

The method aims to simulate 2,4,6-trichloroanisole migration phenomena
susceptible of being produced between the cork stopper and wine in bottles. Cork
stoppers are macerated in a wine or a aqueous-alcoholic solution, until a balance is
obtained. The TCA of the head space is sampled from an appropriate part of the
macerate by the solid-phase micro-extraction technique (SPME), then analyzed by
gas chromatography, with detection by mass spectrometer (or by electron-capture
detector).

3 REAGENTS AND PRODUCTS

3.1 White wine with an alcoholic strength ranging between 10 and 12 %
vol. (It can be replaced by an agueous-alcoholic solution with an alcoholic strength
of 12 % vol). The wine and/or the agueous-alcoholic solution must be free of
TCA.

3.2 Sodium chloride > 99.5 %

3.3 2,4,6-trichloroanisole (TCA)-ds purity > 98% for GC/MS; 2,6-
dibromoanisole or 2,3,6-trichloroanisole purity > 99 % for GC/ECD

3.4 2,4,6-trichloroanisole (TCA) purity > 99.0%

3.5 Absolute ethanol

3.6 Pure de-ionised water void of TCA (Standard EN 1SO 3696)

3.7 Agueous-alcoholic solution at 12 % vol.

Prepared using absolute ethanol (3.5) and de-ionised water void of TCA
(3.6).

3.8 Internal standard stock solution (500 mg/L)
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Add either 0.050 g of 2,4,6-trichloroanisole-ds (or 2,6-dibromoanisole or 2,3,6-
trichloroanisole (3.3) to approximately 60 ml of absolute ethanol (3.5). After
dissolution, adjust the volume to 100 mL with absolute ethanol (3.5). It can
be kept in a glass bottle with a metallic or glasscover.

3.9 Intermediate solution of internal standard (5.0 mg/L)
Add 1 mL of a solution of either 2,4,6-trichloroanisole-ds (or 2,6-
dibromoanisole or 2,3,6-trichloroanisole) at 500 mg/L (3.8) to
approximately 60 mL of absolute ethanol (3.5). Adjust the volume to 100
mL with absolute ethanol (3.5). It can be kept in a glass bottle with a
metallic or glass cover.

3.10 Internal standard solution (2.0 pg/L)
Add 40 pL of a solution of either 2,4,6-trichloroanisole-ds (or 2,6-
dibromoanisole or 2,3,6 trichloroanisole) at 5.0 mg/L (3.9) to approximately
60 mL of absolute ethanol (3.5). Adjust the volume to 100 ml with absolute
ethanol (3.5). It can be kept at an ambient temperature in a glass bottle with
a metallic or glass cover.

3.11 Stock solution of TCA standard (40 mg/L)

Add 0.020g of 2,4,6-trichloroanisole to approximately 400 ml of absolute
ethanol (3.5). Following dissolution, adjust volume to 500 mL with absolute
ethanol (3.5).

3.12 Intermediate solution A of TCA standard (80 pg/L)

Add 1 mL of 2,4,6-trichloroanisole solution at 40 mg/L (3.11) to
approximately 400 mL of absolute ethanol (3.5). Following dissolution, adjust
volume to 500 mL with absolute ethanol (3.5).

3.13 Intermediate solution B of TCA standard (160 ng/L)

Add 1 mL of solution 2,4,6-trichloroanisole at 80 ug/L (3.12) to
approximately 400 mL of pure de-ionised water (3.6). Following dissolution,
adjust the volume to 500 mL with pure de-ionised water (3.6)

3.14 Use the standard-addition technique to make up a range of standard
solutions of TCA. Standard solutions in the range from 0.5 ng/L to 50 ng/L can be
used, by making additions with a solution of 2,4,6-trichloroanisole at 160 ng/L
(3.13) to 6 ml of absolute ethanol (3.5). Following dissolution, adjust volume to 50
mL with pure de-ionised water (3.6)

The calibration curve obtained should be evaluated regularly and in any case
whenever there is a major change in the GC/MS or GC/ECD systems.

3.15 Carrier gas: Helium, chromatographic purity (= 99.9990 %)
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4. APPARATUS

4.1 Laboratory glassware

4.1.1 Graduated 100-mL flask

4.1.2 100-pL microsyringe

4.1.3 Wide-neck glass jar of a capacity adapted to the sample size, closed
with a glass or metallic stopper or a material which does not bind TCA.

4.1.4 20-mL glass sample bottle closed with a perforated capsule and a
liner with one side Teflon-coated.

4.2 Solid-phase microextraction system (SPME) with a fiber coated with a
polydimethylsiloxane film 100 pum thick

4.3 Heating system for sample bottle (4.1.4)

4.4 Stirring system for sample bottle (4.1.4)

4.5 Gas chromatograph equipped with a "split-splitless" injector and a
mass spectrometer detector (MS) or an electron-capture detector (ECD)

4.6 Data-acquisition system

4.7 If required, an automatic sampling and injection system operating with
an SPME system

4.8 Capillary column coated with an apolar stationary phase, of the
phenylmethylpolysiloxane type (e.g.: 5 % phenyl methylpolysiloxane, 30 m x 0,25
mm x 0,25 um film thickness or equivalent.)

5. SAMPLE PREPARATION

The corks are placed whole in a glass closed container. The container capacity
(4.1.3), the same as the quantity of wine or aqueous-alcoholic solution (3.1 or 3.7),
must be chosen in accordance to the sample size while ensuring that the corks are
completely covered and immersed in the maceration container.

Example 1: 20 corks (45x24) mm, in a 1 L container;

Example 2: 50 corks (45x24) mm, in a 2 L container.

Most of the TCA released during maceration of the groups of stoppers is
generally derived from a very low percentage of these stoppers. In order to obtain
the best representation of a batch of stoppers, a number of appropriate analyses
according to sampling rules and risk with regard to wine contamination should be
carried out.

6. OPERATING METHOD

6.1 Extraction
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After macerating at ambient temperature for (24 + 2) hours under
laboratory ambient temperature conditions, the maceration is homogenized by
inversion. A part of the aliquot of the 10ml maceration solution (5) is transferred
to a glass sample bottle (4.1.4)

To increase extraction efficiency and subsequent sensitivity of the method,
a quantity of approximately 1 g of sodium chloride (3.2) can be added. 50 pL of
the internal standard solution at 2.0 pg/L (3.10) are immediately added, then the
bottle is closed using a perforated metal capsule fitted with a silicone / Teflon-
coated liner. The capsule is crimped. The contents of the bottle are homogenized
for 10 minutes by mixing using a stirring system (4.4) or by using an automatic
system (4.7).

The bottle containing the sample is placed in the heating system (4.3) set
to 35 °C £ 2 °C, with stirring (4.4). The extraction of the headspace is carried out
using the SPME system (4.2) for at least 15 minutes.

6.2 Analysis

The fiber is then desorbed at 260 °C for at least 2 minutes in the injector of
a gas chromatograph, in splitless mode (4.5). The separation is carried out using a
capillary column with a non-polar stationary phase (4.8). The carrier gas is helium
with a constant flow of 1 ml/min. A temperature program from 35 °C (for 3 min)
to 265 °C (at 15 °C/min) is given as an example.

6.3 Detection and quantification

Detection is carried out by mass spectrometry with a selection of specific
ions for the 2,4,6-trichloroanisole (ions m/z 195, 210, 212), quantified on
the m/z 195 ion, and the internal standard 2,4,6-trichloroanisol-ds (ions m/z
199, 215, 217) quantified on ion m/z 215..

For the determination of ECD, identify the analyte and internal standard (2,6-
dibromoanisole or 2,3,6 trichloroanisole) in the chromatogram, by comparing the
retention time of the sample peak corresponding to that of the standard solution
peak.

7. CALCULATIONS

The area of the chromatographic peak obtained for the 2,4,6-
trichloroanisole is corrected by the area obtained for the chromatographic peak of
the internal standard. The content in 2,4,6-trichloroanisole of each sample is
obtained using a calibration curve. The points on this curve are obtained by tracing
the relative responses of the 2,4,6-trichloroanisole/internal standard, obtained for
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aqueous-alcoholic solutions (3.7) containing known concentrations of 2,4,6-
trichloroanisole, as a function of the concentrations of these solutions (3.14).

The results are given in ng/L of TCA present in the maceration, rounded off
to the nearest 0.1 ng/L.

8. CHARACTERISTICS OF THE METHOD

As an indication, the detection limit of the analysis of the macerations must be
lower than 0.5 ng/L, and the quantification limit close to 1 ng/L. The coefficient of
variation is lower than 5% for 5 ng/L, when the selected internal standard is the
deuterated analogue TCA-ds.

An interlaboratory trial was carried out in order to validate the method. This

interlaboratory trial was not carried out according to the OIV protocol and the
validation parameters mentioned in the FV 1224,
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Method OIV-MA-AS315-17 Type IV method

Determining the presence and content of polychlorophenols
and polychloroanisols in wines, cork stoppers, wood and

bentonites used as atmospheric traps
(Resolution OIV-Oeno 374/2009)

1. SCOPE

All wines, cork stoppers, bentonites (absorption traps) and wood.

2. PRINCIPLE
Determination  of  2,4,6-trichloroanisol,  2,4,6-trichlorophenol,  2,3,4,6-
tetrachloroanisol, 2,3,4,6-tetrachlorophenol, pentachloroanisol and

pentachlorophenol by gas chromatography, by injecting a hexane extract of the
wine and an ether/hexane extract of the solid samples to be analyzed and internal
calibration.

3. REAGENTS

Preliminary remark: all the reagents and solvents must be free of the compounds
to be determined listed in 2 at the detection limit.

3.1 Purity of hexane > 99 %
3.2 Purity of ethylic ether > 99 %
3.3 Ether/hexane mixture (50/50; v/v)
3.4 or 2,5-dibromophenol purity > 99 %
3.5 Pure ethanol
3.6 Pure deionized water, TCA free, type Il in accordance with 1SO standard EN
3696
3.7 50 % vol. aqueous-alcoholic solution. Place 100 ml of absolute ethanol (3.<5)
in a graduated 200-ml flask (4.9.9), add 200 ml of deionized water (3.6), and
homogenize.
3.8 Internal standard:

3.8.1 200 mg/I stock solution. Place 20 mg of internal standard (3.4) in a
graduated 100-ml flask (4.9.8), add the 50 % volume agqueous-alcoholic solution
(3.7) and homogenize.
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3.8.2 Internal standard solution (2 mg/l). Place 1 ml of the stock solution
of internal standard (3.8.1) in a graduated 100-ml flask (4.9.8), add the 50% vol
agueous-alcoholic solution (3.7) and homogenize.

3.8.3 Internal standard solution (20 pg/l). Place 1 ml of stock solution of internal
standard (3.8.2) in a 100 ml graduated flask (4.9.8), add with 50 % vol aqueous-
alcoholic solution

3.9 Pure products

3.9.1 2,4,6-trichloroanisole: > 99 %, case: 87-40-1

3.9.2 2,4, 6-trichlorophenol: > 99.8 %, case: 88-06-2

3.9.3  2,3,5,6-tetrachloroanisole: > 99 %, case: 6936-40-9 (note: the
product sought in the samples is 2,3,4,6-tetrachloroanisole but is
does not exist on the market)

3.94 2,3, 4, 6-tetrachlorophenol: > 99 %, case: 58-90-2

3.9.5 pentachloroanisole: > 99 %, case: 1825-21-1

3.9.6  pentachlorophenol: 99 %, case: 87-86-5

3.10 Reagents for derivatisation - Piridine: acetic anydride (1:0,4) vol.
3.10.1 Piridine: > 99 %
3.10.2 Acetic anydride: > 98 %

3.11 Calibration stock solution at 200 mg/I

In a graduated 100-ml flask (4.9.8), place approximately 20 mg of the pure
reference products (3.9.1 to 3.9.6) but whose exactly weight is known (4.7), add
absolute ethanol (3.5). Homogenize.

3.12 Intermediate calibration solution at 200 pg/I

In a graduated 100-ml flask (4.9.8) filled with absolute ethanol (3.5), add 100 pl of
the calibration stock solution at 200 mg/l (3.11) using the 100-pl micro-syringe
(4.9.1) and homogenize.

3.13 Calibration surrogate solution at 4 pg/I

In a graduated 50-ml flask (4.9.7) containing 50 % vol aqueous-alcoholic solution
(3.7) add 1 ml of the intermediate calibration solution at 200 pg/l (3.11) using a 1-
ml pipette (4.9.6). Add to volume 50 ml with pure ethanol (3.5) and homogenize.

3.14 Calibration solutions. It is possible to prepare various standard solutions with
various concentrations by adding, using the 100-pl micro-syringe of (4.9.1), for
example 50 ul of the surrogate calibration solution at 4 pg/l (3.12) to 50 ml of
wine to enrich it with 4 ng/l of the substances to be determined.
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The same reasoning can be used to prepare calibration solutions of various
concentrations, either using aqueous-alcoholic solutions, or wine, or to enrich an
extraction medium with a known quantity of pure products.

3.15 Commercially available Bentonite.

4. APPARATUS

4.1 Gas phase chromatograph with Split-splitless injector coupled to an electron
capture detector. (It is likewise possible to use a mass spectrometer)
4.2 Capillary tube of non-polar steady-state phénylmethylpolysiloxane type: (0.32
mm x 50 m, thickness of film 0.12 um or the equivalent
4.3 Chromatographic conditions, as an example:
4.3.1 Injection in "split-splitless" mode (valve closing time 30 seconds)
4.3.2 Carrier gas flow rate: 30 ml/min including 1 ml in the column
Hydrogen U ®” (It is likewise possible to use helium)

4.3.3 Auxiliary gas flow rate: 60 ml/min — Nitrogen with
chromatographic purity (> 99,9990 %). It is also possible to use argon
methane.

4.3.4 Furnace gradient temperature for information purposes:
- from 40 °C to 160 °C at a rate of 2 °C/min
- from 160 °C to 200 °C at a rate of 5 °C/min
- step at 220 °C for 10 min
4.3.5 Injector temperature: 250 °C
43.6 Detector temperature: 250 °C
4.4 Acquisition and integration: acquisition is by computer. The peaks of the
various compounds identified by comparison with the reference are then
integrated.
4.5 Magnetic agitator.
4.6 Vortex with adaptation for 30-ml flask (4.9.3)
4.7 Precision balance to within 0.1 mg
4.8 Manual or electric household grate
4.9 Laboratory equipment:
4.9.1 100-pl micro-syringe
4.9.2 10-pl micro-syringe
4.9.3 30-ml flask closing with a screwed plug and cover with one side
Teflon-coated
4.9.4 10-ml stick pipette graduated 1/10 ml
4.9.5 5-ml stick pipette graduated 1/10 ml
4.9.6 1-ml precision pipette
4.9.7 Graduated 50-ml flask
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4.9.8 Graduated 100-ml flask

4.9.9 Graduated 200-ml flask

4.9.10 100-ml separating funnel

4.9.11 Pasteur pipettes and suitable propipette pear
4.9.12 Household aluminum foil, roll-form.

4.9.13 Centrifuge

5. SAMPLE PREPARATION

5.1 The stopper is grated (4.8) or cut into pieces (dimension < 3 mm)

5.2 Wood is cut with a clipper to obtain pieces (dimension < 3 mm)

5.3 The bentonite (3.15) (30 g for example) is spread out over a strip of aluminum
foil (4.9.12) of approximately 30 cm x 20 cm and is exposed to the atmosphere to
be analyzed for at least 5 days.

6. OPERATING METHOD

6.1 Extraction process for solid samples:
6.1.1 Stopper: in a 30-ml flask (4.9.3), place approximately 1 g of grated
stopper (5.1) but of a precisely known weight (4.7)
6.1.2 Wood: in a 30-ml flask (4.9.3), place approximately 2 g of wood
chips (5.2) but of a precisely known weight (4.7)
6.1.3 Control Bentonite: in a 30-ml flask (4.9.3), place approximately 5 g
of bentonite (3.15) but of a precisely known weight (4.7)
6.1.4 Sample bentonite: in a 30-ml flask (4.9.3), place approximately 5 g
of bentonite (5.3) of a precisely known weight (4.7)
6.1.5 Add 10 ml (4.9.4) of ether/hexane mixture (3.3)
6.1.7 Add with the micro-syringe (4.9.1) 50 ul of the internal standard
solution (3.8.2)
6.1.8 Agitate with the vortex (4.6) for 3 min
6.1.9 Recover the ether/hexane liquid phase in a 30-ml flask (4.9.3)
6.1.10 Repeat the extraction operation on the sample with 2 times 5 ml of
ether/hexane mixture (3.3)
6.1.11 Final extract: mix the 3 phases of ether/hexane.

6.2 Extraction of the wine and calibration solution
6.2.1 Sample 50 ml of wine or calibration solution (using the graduated
flask (4.9.7)
6.2.2 Place them in the 100-ml graduated flask (4.9.8)
6.2.3 Add with the microsyringe (4.9.1) 50 ul of internal standard (3.8.3)
6.2.4 Add 4 ml (4.9.5) of hexane (3.1)
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6.2.5 Carry out the extraction using the magnetic stirrer (4.5) for 5 min.
6.2.6 Elutriate into the funnel (4.9.10)

6.2.7 Recover the organic phase with the emulsion in a 30-ml flask
(4.9.3) and aqueous phase in the 100-ml graduated flask (4.9.8)

6.2.8 Repeat the extraction of the wine or calibration solution using 2 ml
of hexane (3.1)

6.2.9 Carry out the extraction using the magnetic stirrer (4.5) for 5 min.
6.2.10 Elutriate into the funnel (4.9.10)

6.2.11 Recover the organic phase with the emulsion in the same 30-ml
flask mentioned in 6.2.7 (containing the organic phase obtained
upon the first extraction)

6.2.12 Break the emulsion of the organic phase by centrifugation (4.9.13)
by eliminating the lower aqueous phase using a Pasteur pipette (4.9.11)
fitted with a propipette pear.

6.2.13 Final wine extract and calibration solutions: the residual organic
extract

6.3 Analyze:

6.3.1 Add final extract (6.1.11 or 6.2.13) 100 pl (4.9.1) of the pyridine acetic
anydride reagent mixture (3.10) for the derivatisation.

6.3.2 Mix using a magnetic stirrer (4.5) for 10 min.

6.3.3 Inject 2 pl of derivatised final extract (6.3.2) into the chromatograph

7. CALCULATION:

Product peak area
Concentration of product = * Response factor
Peak area of internal standard

Response factor = concentration of calibration solution (3.13) * (Peak area of the
internal standard / *(Peak area of the pure product in the calibration solution).

Check the calibration by ensuring the response factors +/- 10 %.

8. RESULTS

The results are expressed in ng/l for the wine and ng/g for the cork stoppers,
bentonites and wood.
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9. CHARACERISTICS OF THE METHOD
9.1 Coverage rate
The coverage rate calculated in relation to the quantities added in terms
of wood chips, polychloroanisols and polychlorophenols of 115 ng/g is:
- 2,4,6-trichloroanisol; 96 %
- 2,4,6-trichlorophenol: 96 %
- 2,3,4,6-tetrachloroanisol: 96 %
- 2,3,4,6-tetrachlorophenol: 97 %
- pentachloroanisol: 96 %
- pentachlorophenol: 97 %

9.2 Measurement repeatability

Calculated for each product, the uncertainties are as follows:

In a stopper ng/g Mean Standard Repeatability
deviation

2,4.6-trichloroanisol 1.2 0.1 0.28
2,4,6-trichlorophenol 26 3.3 9.24
2,3,4,6-tetrachloroanisol 1.77 0.44 1.23
2,3,4,6-tetrachlorophenol 2.59 0.33 0.92
pentachloroanisol 23.3 2.9 8.12
pentachlorophenol 7.39 1.91 5.35

In wood with 23 ng/g

Standard deviation

Repeatability

2,4.6-trichloroanisol 1.9 5.3
2,4,6-trichlorophenol 1.9 5.3
2,3,4,6-tetrachloroanisol 2.6 7.4
2,3,4,6-tetrachlorophenol 3.3 9.3
pentachloroanisol 2.7 7.5
pentachlorophenol 3.6 10.1

In wine with 10 ng/I

Standard deviation

Repeatability

2,4,6-trichloroanisol 0,4 1,1
2,4,6-trichlorophenol 2,1 59
2,3,4,6-tetrachloroanisol 0,6 1,7
2,3,4,6-tetrachlorophenol 4 11,2
pentachloroanisol 1,2 3,4
pentachlorophenol 6,5 18,2
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In bentonite with15ng/g

Standard deviation

Repeatability

2,4,6-trichloroanisol 0,9 2,5
2,4,6-trichlorophenol 4 11,2
2,3,4,6-tetrachloroanisol 1,2 3,4
2,3,4,6-tetrachlorophenol 5,2 14,6
pentachloroanisol 4,3 12,0
pentachlorophenol 12,1 33,9

9.3 Detection limits (DL) and quantification limits (QL) calculated according to

the OIV method:
9.3.1 Wood

DL in ng/g QL in ng/g
2,4,6-trichloroanisol 0.72 2.4
2,4,6-trichlorophenol 0.62 2.0
2,3,4,6-tetrachloroanisol 0.59 2.0
2,3,4,6-tetrachlorophenol 1.12 3.74
pentachloroanisol 0.41 1.4
pentachlorophenol 0.91 3.1
9.3.2 Bentonite
DL in ng/g QL in ng/g
2,4,6-trichloroanisol 0.5 1
2,4,6-trichlorophenol 1 3
2,3,4,6-tetrachloroanisol 0.5 1
2,3,4,6-tetrachlorophenol 1 3
pentachloroanisol 0.5 1
pentachlorophenol Not det. Not det.
9.3.3 Stopper
DL in ng/g QL in ng/g
2,4,6-trichloroanisol 0.5 1.5
2,4,6-trichlorophenol 1 2
2,3,4,6-tetrachloroanisol 0.5 1.5
2,3,4,6-tetrachlorophenol 1 2
pentachloroanisol 0.5 1.5
pentachlorophenol 1 2
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9.3.4 Wine
DL in ng/l QL in ng/l

2,4.6-trichloroanisol 0.3 1
2,4,6-trichlorophenol 1 3
2,3,4,6-tetrachloroanisol 0.3 1
2,3,4,6-tetrachlorophenol 0.3 1
pentachloroanisol 0.5 3
pentachlorophenol 1 3

®” Air Liquide
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Method OIV-MA-AS315-18 Type Il method

Analysis of biogenic amines in musts and wines using HPLC
(Resolution OIV-Oeno 346/2009)

1. SCOPE

This method can be applied for analysing biogenic amines in musts and wines:
Ethanolamine: up to 20 mg/I

Histamine: up to 15 mg/I

Methylamine: up to 10 mg/I

Serotonin: up to 20 mg/I

Ethylamine: up to 20 mg/I

Tyramine: up to 20 mg/I

Isopropylamine: up to 20 mg/I

Propylamine: normally absent

Isobutylamine: up to 15 mg/I

Butylamine: up to 10 mg/I

Tryptamine: up to 20 mg/I

Phenylethylamine: up to 20 mg/I

Putrescine or 1,4-diaminobutane: up to 40 mg/I
2-Methylbutylamine: up to 20 mg/I
3-Methylbutylamine: up to 20 mg/I

Cadaverine or 1,5-diaminopentane: up to 20 mg/I
Hexylamine: up to 10 mg/I

2. DEFINITION

The biogenic amines measured are:
Ethanolamine: C,H;NO — CAS [141 - 43 - 5]
Histamine: CsHgN3 - CAS [51 — 45 - 6]
Methylamine: CHsN — CAS [74 — 89 — 5]
Serotonin: C;yH15N,0O — CAS [153 — 98 — 0]
Ethylamine: C,H;N — CAS [557 — 66 — 4]
Tyramine: CgH;;NO - CAS [60 — 19 - 5]
Isopropylamine: CsHgN - CAS [75 — 31 - 0]
Propylamine: CsHgN — CAS [107 — 10 — 8]
Isobutylamine: C4H;;N — CAS [78 — 81 - 9]
Butylamine: C4;H;;N — CAS [109 — 73 - 9]
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Tryptamine: CioH1;oN, — CAS [61 — 54 — 1]

Phenylethylamine: CgHy;N — CAS [64 — 04 — Q]

Putrescine or 1,4-diaminobutane: C4H;,N, — CAS [333 - 93 - 7]
2-Methylbutylamine: CsHy3N - CAS [96 — 15 — 1]
3-Methylbutylamine: CsHisN - CAS [107 — 85 — 7]

Cadaverine or 1,5-diaminopentane: CsHy4N, — CAS [1476 — 39 — 7]
1,6-Diaminohexane: C¢HigN,— CAS [124 — 09 — 4]

Hexylamine: CgHisN — CAS [111 — 26 - 2]

3. PRINCIPLE

The biogenic amines are directly determined by HPLC using a Cyg column after O-
phthalaldehyde (OPA) derivatization and fluorimetric detection.

4. REAGENTS AND PRODUCTS

4.1 High purity resistivity water (18MQ-cm)

4.2 Dihydrate disodium hydrogenophosphate - purity > 99 %
4.3 Acetonitrile - Transmission minimum at 200 nm - purity > 99 %
4.4 O-phthalaldehyde (OPA) - Application for fluorescence - purity > 99 %
4,5 Disodium tetraborate decahydrate - purity > 99 %

4.6 Methanol - purity > 99 %

4.7 Hydrochloric acid 32 %

4.8 Sodium hydroxide pellets - purity > 99 %

4.9 Ethanolamine - Purity > 99 %

4,10  Histamine dichlorhydrate - Purity > 99 %

4,11  Ethylamine chlorhydrate - Purity > 99 %

4,12  Serotonin - Purity > 99 %

4,13  Methylamine chlorhydrate — Purity > 98 %

4.14  Tyramine chlorhydrate - Purity > 99 %

4.15  Isopropylamine purity >99 %

4,16  Butylamine - Purity > 99 %

4.17  Tryptamine chlorhydrate - purity > 98 %

4,18  Phenylethylamine - Purity > 99 %

4,19  Putrescine dichlorhydrate - Purity > 99 %

4.20  2-Methylbutylamine - Purity > 98 %

4.21  3-Methylbutylamine - Purity > 98 %

4.22  Cadaverine dichlorhydrate - Purity > 99 %

4.23  1-6-Diaminohexane - Purity > 97 %

4.24  Hexylamine - Purity > 99 %
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4.25  Nitrogen (maximum impurities: H,O <3 mg/l; O,<2 mg/L; C,H,s < 0.5
mg/l)

4.26  Helium (maximum impurities: H,O <3 mg/l; 0,<2 mg/L; C.H,<0.5

mg/l)

Preparation of reagent solutions:

4.27  Preparation of eluents

Phosphate solution A: Weigh 11.12 g + 0.01 g of di-basic sodium phosphate (4.2)
in a 50-ml beaker (5.5) on a balance (5.27). Transfer to a 2-litre volumetric flask
(5.9) and make up to 2 litres with high purity water (4.1). Homogenize using a
magnetic stirrer (5.30) and filter over a 0.45 um membrane (5.17). Put in the 2-litre
bottle (5.12).

Solution B: The acetonitrile (4.3) is used directly.

4.28  OPA solution — Daily preparation

Weigh 20 mg + 0.1 mg of OPA (4.4) in a 50-ml flask (5.7) on the precision
balance (5.27). Make up to 50 ml with methanol (4.6). Homogenize.

4.29  Preparation of the borate buffer (4.29) — Weekly preparation

Weigh 3.81 g + 0.01 g of Na,B;0;-10H,0 (4.5) in a 25-ml beaker (5.6) on the
precision balance (5.27). Transfer to a 100-ml volumetric flask (5.8) and make up
to 100 ml with demineralised water (4.1). Homogenize with a magnetic stirrer
(5.30), transfer to a 150-ml beaker (5.4) and adjust to pH 10.5 using a pH meter
(5.28 and 5.29) with 10 N soda (4.8).

4.30 0.1 M hydrochloric acid solution: Put a little demineralised water (4.1)
into a 2-litre volumetric flask (5.9). Add 20 ml of hydrochloric acid (4.7) using a
10-ml automatic pipette (5.24 and 5.25)

4.31  Calibration solution in 0.1 M hydrochloric acid

Guideline concentration of the calibration solution - weigh at £ 0.1 mg
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Indicative final concentration in
the calibration mix in mg/I
Ethanolamine >
Histamine 5
Methylamine 1
Serotonin 20
Ethylamine 2
Tyramine 7
Isopropylamine 4
Propylamine 2.5
Isobutylamine 5
Butylamine 5
Tryptamine 10
Phenylethylamine 2
Putrescine 12
2- Methylbutylamine 5
3- Methylbutylamine 6
Cadaverine 13
1.6 Diaminohexane 8
Hexylamine S5

The true concentration of the calibration solution is recorded with the batch
number of the products used.

Certain biogenic amines being in salt form, the weight of the salt needs to be taken
into account when determining the true weight of the biogenic amine.

The stock solution is made in a 100-ml volumetric flask (5.8).

The surrogate solution is made in a 250-ml volumetric flask (5.10).

432 1,6 Diaminohexane internal standard

Weigh exactly 119 mg in a 25-ml Erlenmeyer flask (5.1) on a balance (5.26).
Transfer to a 100-ml volumetric flask (5.8) and top up to the filling mark with 0.1
N hydrochloric acid (4.30).
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4.33  2-Mercaptoethanol - Purity > 99 %.

5. APPARATUS

5.1 25-ml Erlenmeyer flasks

5.2 250-ml Erlenmeyer flasks

5.3 100-ml beakers

54 150-ml beakers

55 50-ml beaker

5.6 25-ml beaker

5.7 50-ml volumetric flasks

5.8 100-ml volumetric flasks

5.9 2,000-ml volumetric flasks

5.10  250-ml volumetric flask

5.11  1-litre bottles

5.12  2-litre bottle

5.13  2-ml screw cap containers suitable for the sample changer
5.14  50-ml syringe

5.15 Needle

5.16  Filter holder

5.17  0.45 pum cellulose membrane

5.18 0.8 um cellulose membrane

5.19 1.2 um cellulose membrane

5.20 5 pum cellulose membrane

5.21  Cellulose pre-filter

5.22  1-ml automatic pipette

5.23  5-ml automatic pipette

5.24  10-ml automatic pipette

5.25  Cones for 10-ml, 5-ml and 1-ml automatic pipettes
5.26  Filtering system

5.27  Balances for weighing 0 to 205 g at + 0.01 mg
5.28  pH meter

5.29  Electrode

5.30  Magnetic stirrer

5.31  HPLC pump

5.32  Changer-preparer equipped with an oven

Note: An oven is indispensable, if a changer-preparer is used for injecting several
samples one after another. This operation may likewise be done manually) the
results may be less precise;
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5.33  Injection loop
534 5 pm Cig column, 250 mm x 4 (which must lead to a similar
chromatogram as presented in annex B);

5.35  Fluorimetric detector

5.36  Integrator

5.37  Borosilicic glass tube with a stopper and closure cap covered with PTFE
(ex Sovirel 15).

6. PREPARATION OF SAMPLES
Samples are previously purged of gas with nitrogen (4.25).

6.1 Filtering

Filter approximately 120 ml of the sample over membrane:

- for awine: 0.45 um (5.17),

- for a must or non-clarified wine: 0.45 (5.17) - 0.8 (5.18) — 1.2 (5.19) - 5 um
(5.20) + pre-filter (5.21), pile filters in the following order, the sample pushed by
the top: 0.45 pm (5.17) + 0.8 um (5.18) + 1.2 pm (5.19) + 5 um (5.20) +
prefiltered (5.21)

6.2 Preparation of the sample

Put 100 ml of the sample (6.1) into a 100-ml volumetric flask (5.8);

Add 0.5 ml of 1-6-diaminohexane (4.32) at 119 mg/100 ml using a 1-ml automatic
pipette (5.21 and 25);

Draw off 5 ml of the sample using the pipette (5.23 and 5.25); pour this into a 25-
ml Erlenmeyer flask (5.1);

Add 5 ml of methanol to this (4.6) using the pipette (5.23 and 5.25);

Stir to homogenize;

Transfer to containers (5.13);

Start the HPLC pump (5.31), then inject 1 pl (5.32 and 5.33)

6.3 Derivatisation

In a borosilicic glass tune (5.37), pour 2 ml of OPA solution (4.28), 2 ml of borate
buffer (4.29), 0,6 ml of 2-mercaptoethanol (4.33). Close, mix (5.30). Open and
pour 0,4 ml of sample. Close, mix (5.30). Inject immediately, as the derivitive is
not stable. Rinse recipient immediately after injection, due to odour.

Note: Derivatisation can be carried out by an automatic changer-preparer. In this
case, the process will be programmed to come close to the proportion of manual
derivisation
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6.4 Routine cleaning

Syringe (5.13) and needle (5.14) rinsed with demineralised water (4.1) after each
sample;

filter holder (5.16) rinsed with hot water, then MeOH (4.6). Leave to drain and
dry.

7. PROCEDURE
Mobile phase (5.31)

- A: phosphate buffer (4.2)
- B: acetonitrile (4.3)

Elution gradient:

time % A % B
(in mins)
0 80 20
15 70 30
23 60 40
42 50 50
55 35 65
60 35 65
70 80 20
95 80 20

Note: The gradient can be adjusted to obtain a chromatogram close to the one
presented in annex B

Flow rate: 1 ml/min;
Column temperature: 35 °C (5.32);
Detector (5.35): Exc = 356 nm, Em = 445 nm (5.30);

Internal calibration
The calibration solution is injected for each series;
Calibration by internal standard;

Calculation of response factors:

RF = Ccis x area i / area is x Cci
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Cci = concentration of the component in the calibration solution and

Ccis = concentration of the internal standard in the calibration solution (1-6-
diaminohexane).

Area i = area of the product peak present in the sample

Area is = area of the internal standard peak in the sample

Calculation of concentrations:
Cci = (XF x area i)/ (area is x RF)

Area i = area of the product peak present in the sample

Area is = area of the internal standard peak present in the sample
XF = quantity of internal calibration added to samples for analysis

XF =119 x 0.5/100 = 5.95.

8. EXPRESSION OF RESULTS

Results are expressed in mg/l with one significant digit after the decimal point.

9. RELIABILITY

r (mg/l) R (mg/l)
Histamine 0.07x +0.23 0.50x + 0.36
Methylamine 0.11x + 0.09 0.40x + 0.25
Ethylamine 0.34x - 0.08 0.33x +0.18
Tyramine 0.06x + 0.15 0.54x +0.13
Phenylethylamine 0.06x + 0.09 0.34x +0.03
Diaminobutane 0.03x +0.71 0.31x +0.23
ngzﬁ;';g:ﬁ;gr'gmé”e et3- 0.38x+0.03 | 0.38x+0.03
Diaminopentane 0.14x + 0.09 0.36x +0.12

The details of the interlaboratory trial with regard to reliability of the method are

summarised in appendix A.
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10. OTHER CHARACTERISTICS OF THE ANALYSIS

The influence of certain wine components: amino acids are released at the
beginning of the analysis and do not impede in detection of biogenic amines.

The limit of detection (LOD) and limit of quantification (LOQ) according to an
intralaboratory study

LOD (in mg/l) LOQ (in mg/l)
Histamine 0,01 0,03
Methylamine 0,01 0,02
Ethylamine 0,01 0,03
Tyramine 0,01 0,04
Phenylethylamine 0,02 0,06
Diaminobutane 0,02 0,06
2-methylbutylamine 0,01 0,03
3-methylbutylamine 0,03 0,10
Diaminopentane 0,01 0,03

11. QUALITY CONTROL

Quality controls may be carried out with certified reference materials, with wines
the characteristics of which result from a consensus or spiked wines regularly
inserted into analytical series and by following the corresponding control charts.
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France).
Year of interlaboratory trial: 1994
Number of laboratories: 7

Number of samples: 9 double blind samples

Annex A

Statistical data obtained from the results of interlaboratory trials
The following parameters were defined during an interlaboratory trial. This
trial was carried out by the Oenology Institute of Bordeaux (France) under
the supervision of the National Interprofessional Office of Wine (ONIVINS -

(Bulletin de I’0.1.V. November-December 1994, 765-766, p.916 to 962) numbers
recalculated in compliance with 1SO 5725-2:1994.

Types of samples: white wine (BT), white wine (BT) fortified = B1, white wine
(BT) fortified = B2, red wine n°1 (RT), red wine fortified = R1, red wine (RT)
fortified = R2, red wine n°2 (CT), red wine (CT) fortified = C1 and red wine (CT)
fortified = C2. fortified in mg/I.

HistN MetN EthN TyrN PhEtN DiNbut | IsoamN | DiNpen

wine B1 wine BT | vine BT | wineBT | wine BT | vine BT | wine BT | wine BT | wineBT
+0,5 +0,12 +0,13 +0,36 +0,15 +0,5 +0,28 +0,25

wine B2 wine BT | wine BT | wine BT | wine BT | wine BT | wine BT | Wine BT | wine BT
+2 +0,40 +0,50 +1,44 +0,60 +2 +0,1,74 +1,04

wine C1 wine CT | wine CT | wine CT | wine CT | wine CT | wine CT | wine CT | wine CT
+2 +0,1 +0,18 +0,72 +0,15 +2 +0,29 +0,26

WineC2 wine CT | wine CT | wine CT | wine CT | wine CT | wine CT | wine CT | wine CT
+4 +0,41 +0,50 +2,90 +0,58 +8 +1,14 +1,04

wine R1 wine RT | wine RT | wine RT | wine RT | wine RT | wine RT | wine RT | wine RT
+2 +0,14 +0,13 + 1,45 +0,19 +3 +0,0,57 +0,51

wine R2 wine RT | wine RT | wine RT | wine RT | wine RT | wine RT | wine RT | wine RT
+5 +0,41 +0,50 +2,88 +0,59 +10 +2,28 +2,08

HistN : histamine, MetN : methylamine, EthN : ethylamine, TyrN : tyramine,
PhEtN : phenylethylamine, DiNbut : diaminobutane, IsoamN : isoamylamine and

DiNpen : diaminopentane.
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Annex B : Chromatogram model obtained by this method
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Method OIV-MA-AS315-19 Type IV method

Determination of glutathione in musts and wines by capillary
electrophoresis
(Resolution OIV-Oeno 345/2009)

1. Scope

This method makes it possible to determine the glutathione content of musts and
wines in a concentration range of 0 to 40 mg/L. It uses capillary electrophoresis
(CE) associated with fluorimetric detection (LIF).

2. Principle

The method used, which proceeds by capillary electrophoresis, is an adaptation of
the method developed by Noctor and Foyer (1998) to determine non-volatile thiols
in poplar leaves using HPLC coupled with fluorimetric detection.

The separation of a mixture’s solutes by capillary electrophoresis is obtained by
differential migration in an electrolyte. The capillary tube is filled with this
electrolyte.

The sample to be separated is injected into one end of the capillary tube. As a
result of electrical field activity generated by the electrodes immersed in the
electrolyte, the solutes separate due to differences in migration speed and are
detected near the other end of the capillary tube in the form of peaks. In given
operating conditions, migration times constitute a criterion for the identification of
chemical species and the peak area is proportional to the quantity injected.

3. Products and reagents

3.1 List of products

3.1.1 Glutathione (GSH, > 98 %)

3.1.2 Dithiothreitol (DTT, > 99 %)

3.1.3 Anhydrous monobasic sodium phosphate (NaH,PO,, > 99 %)
3.1.4 Anhydrous dibasic sodium phosphate (Na,HPO,, > 99 %)
3.1.5 2-(N-cyclohexylamino)ethanesulfonic acid (CHES, > 98 %),
3.1.6 Monobromobimane (MBB, 97 %)

3.1.7 Ethylenediamine tetraacetic acid sodium salt (EDTA, > 99 %)
3.1.8 Sodium hydroxide

3.1.9 Hydrochloric acid (35 %)
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3.1.10 Acetonitrile (99.5 %)
3.1.11 Ultra-pure water with a resistance of >18 MQ-cm.

3.2 List of solutions
All solutions are homogenised prior to use

3.2.1 Electrophoretic buffer: phosphate buffer, 50 mM, pH 7

This buffer is prepared using two solutions - A and B

3.2.1.1 Solution A: 3 mg of anhydrous monobasic phosphate (3.1.3) taken up by
250 ml ultra-pure water (3.1.11)

3.2.1.2 Solution B: 3.55 mg of anhydrous dibasic phosphate (3.1.4) taken up by
250 ml ultra-pure water (3.1.11)

The phosphate buffer is obtained by the addition of 40 ml of solution A (3.2.1.1)
and 210 ml of solution B (3.2.1.2) and then made up to 500 ml with ultra-pure
water (3.1.11). The buffer’s pH is then adjusted to 7 using hydrochloric acid
(3.1.9).

3.2.2 Monobromobimane solution (MBB) - 50 mM

25 mg of monobromobimane (MBB) (3.1.6) are taken up by 1,850 pl of
acetonitrile (3.1.10).

Stored in the dark at -20 °C, this reagent remains stable for three months.

3.2.3 0.1 M sodium hydroxide solution
0.4 g of sodium hydroxide (3.1.8) are put into a 100-ml volumetric flask and taken
up by 100 ml of ultra-pure water (3.1.11).

3.2.4 5 M sodium hydroxide solution
20 g of sodium hydroxide (3.1.8) are put into a 100-ml volumetric flask and taken
up by 100 ml of ultra-pure water (3.1.11).

3.2.5 CHES buffer: 0.5 M, pH 9.3

2.58 g of 2-(N-cyclohexylamino) ethanesulfonic acid (CHES) (3.1.5) are dissolved
in approximately 20ml of ultra pure water (3.1.11). The pH buffer is adjusted to
9.3 by the addition of sodium hydroxide 5 M (3.2.4). The volume is then adjusted
to 25 ml with ultra pure water (3.1.11). This buffer is divided between the 1.5-ml
test tubes (Eppendorf type) with 1 ml per tube. Stored at —20 °C, the CHES
aqueous solution may be kept for several months.

3.2.6 Dithiothreitol solution (DTT) - 10 mM

15.4 mg of dithiothreitol (3.1.2) is dissolved in 10 mL of ultra pure water (3.1.11)
then this solution is divided in 1.5-ml test tube (Eppendorf type) with 1 ml per tube
Stored at —20 °C, this DTT aqueous solution may be kept several months.
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4. Apparatus

4.1 Capillary electrophoresis

Capillary electrophoresis equipped with a hydrostatic-type injector is coupled with
a laser-induced fluorescence detector with an excitation wavelength similar to the
absorption wavelength of the MBB-GSH adduct: e.g.= 390 nm (e.g. Zetalif
detector).

4.2 The capillary tube
The total length of the non-grafted silica capillary tube is 120 cm. Its effective
length is 105 cm, and its internal diameter is 30 um.

5. Preparation of samples

The method of determination used consists of the derivatization of the SH
functions by the monobromobimane (MBB) (Radkowsky & Kosower, 1986).
Samples of musts or non-bottled wines are clarified by centrifugation prior to
analysis. Bottled wines are analysed without prior clarification.

Preparation of samples:

In a 1.5-ml test tube (Eppendorf type), put successively:

- 200 pl of the sample,

- 10 pl of the DTT solution (3.2.4) - final concentration of 0.25 mM,

- 145 pl of CHES (3.2.3) - final concentration of 179 mM,

- 50 pl of MBB (3.2.2) - final concentration of 6.2 mM.

After stirring the reagent mixture, the derivatization of thiol functions by the MBB
requires a 20-minute incubation period in the dark at ambient temperature. In these
analytical conditions, the MBB-SR derivatives thus formed are relatively unstable;
CE-LIF determination should be carried out immediately after incubation.

6. Procedure
6.1 Capillary tube preparation

Before being used for the first time and as soon as migration times increase, the
capillary tube (4.2) should be treated in the following way:

6.1.1. Rinse with 0.1 M sodium hydroxide (3.2.5) for 3 minutes,

6.1.2. Rinse with ultra-pure water (3.1.12) for 3 minutes,

6.1.3. Rinse with the electrophoretic phosphate buffer (3.2.1) for 3 minutes.
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6.2 Migration conditions

6.2.1 Injection of the sample is of the hydrostatic type; 3 s at 50 kPa.
This is followed by injection of 50 mb electrophoretic buffer (3.2.1) to improve
peak resolution (Staking).

6.2.2 Analysis.

A voltage of +30 kV, applied throughout separation, generates a current of 47 pA.
These conditions are reached in 20 s. Separation is carried out at a constant
temperature of 21 °C.

6.2.3 Rinsing the capillary tube

The capillary tube should be rinsed after each analysis, successively with:

- 0.1M sodium hydroxide (3.2.5) for 3 minutes,

- ultra-pure water (3.1.12) for 3 minutes,

- electrophoretic phosphate buffer (3.2.1) for 3 minutes.

7. Results

At the concentration ultimately used in the sample, the presence of DTT during
derivatization makes it possible to stabilise the unstable functions of thiols that
have an alkaline pH and are very easily oxidized by quinines produced by phenolic
compound auto-oxidation, but does not break the disulphide bonds. Thus, under
these analytical conditions, the reduced glutathione content (GSH) found in a wine
with or without the addition of 10 mg/l of oxidized glutathione (GSSG) is strictly
comparable (Figure 1). This method therefore makes it possible to determine
glutathione content in its reduced form alone.
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Figure 1: Demonstration of the stability of disulphide bonds according to the
conditions of derivatization described. (DTT, ultimately 0.25 mM).
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Figure 2 shows the electrophoretic profile of a white grape must sample
(Sauvignon) in which cysteine, glutathione, N-acetyl-cysteine and sulphur dioxide
are identified. The first peak corresponds to excess reagents (DTT, MBB). The
separation of non-volatile thiols takes less than 20 minutes. Only certain peaks
could be identified (Figure 2, A) (Newton et al., 1981). These thiols, apart from
the sulphur dioxide, are generally present in varying quantities in grapes (Cheynier
et al., 1989), fruit and vegetables (Mills et al., 2000).
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Figure 2: Example of the separation of the known non-volatile thiols in an
HCI/EDTA solution (A) 1 and in a grape must (B): DTT; 2: homocysteine;
3: cysteine; 4: Cys-Gly; 5: GSH; 6: g Glu-Cys; ,7: NAC; 8: SO, .

In these analytical conditions, MBB-RS adduct retention times are as follows:
MBB-homocysteine 10.40 mins; MBB-cysteine 10.65 mins, MBB-GSH 14.14
mins; MBB-NAC 15.41mins; MBB-SO2 18.58mins.

8. Characteristics of the method
Certain internal elements of validation were determined, but do not constitute

formal validation according to the protocol for the design, conducts and
interpretation of methods of analysis performance studies (OIV 6/2000).
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Wine is used as a matrix to produce calibration curves and repeatability tests for
each compound. Each concentration is calculated based on the average of three
determinations obtained by using the right of the calibration curb regression.
Results are expressed in mg/L.

Linear regressions and correlation coefficients are calculated according to the least
squares method. The stock solutions of the various thiols are produced from an
HCI/EDTA solution, allowing them to be stored at +6 °C for several days with no
loss. Successive dilutions of these solutions allow the threshold limits for detection
in wine to be estimated, for a signal-to-noise ratio of three of more.

The linearity spectrum varies according to thiols (Table 1).

Table 1: Linearity spectrum, linear regression properties for each thiol in
solutions prepared in exactly the same way as that of the glutathione.

Linearity spectrum Linear regression Correlation

coefficient
Homocysteine 0-15 mg/l Y=0.459X - 0.231 0.9987
Cysteine 0-15 mg/l Y =0.374X - 0.131 0.9979
Glutathione 0 - 40 mg/l Y =0.583X —0.948 0.9966
N-acetyl-cysteine 0-10 myg/l Y = 0.256X — 0.085 0.9982

These analytical conditions make it possible to eliminate interference caused by
MBB hydrolysis products, unlike the reported findings of other works (Ivanov et
al., 2000).

The method’s repeatability is calculated on the basis of ten analyses of the same
sample of wine. For a thiol concentration of 10 mg/l, the coefficient of variation is
6.0 % for the glutathione; besides this, it is 3.2 % for the homocysteine, 4.8 % for
the cysteine and 6.4 % for the N-acetyl-cysteine.

The limit for detecting glutathione is 20 pg/l and the quantification limit is 60 pg/I.
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METHOD FOR THE DETERMINATION OF a-DICARBONYL
COMPOUNDS OF WINE by HPLC AFTER DERIVATIZATION BY 1,2-
DIAMINOBENZENE
(O1V-Oeno 386A-2010)

Method OIV-MA-AS315-20 Type IV method
1. Introduction

The principal a-dicarbonyl compounds found in wine (Fig 1) are: glyoxal,
methylglyoxal, diacetyl and pentane-2,3-dione, but only a-diketones are
relatively abundant in wine. Carbonyl compounds exist in all types of
wines, particularly after malolactic fermentation and in red wines. In
addition, sweet white wines produced with botrytized grapes can contain
high levels of glyoxal and methylglyoxal.

Glyoxal: OCH—CHO (ethanedial)
Methylglyoxal: CH;—CO—CHO (2-oxopropanal)
Diacetyl: CH;—~CO—CO—CHj3; (2,3-butanedione)
2,3-Pentanedione: CH3—CH,—CO—-CO—CHj

2,3-Hexanedione: CH;—CH,—CH,—CO—CO—CHj;

Figure 1. The principal a-dicarbonyl compounds of wine (2,3-hexanedione is not
naturally present in wine but it is used as internal standard).

Dicarbonyl compounds are important in wine for different reasons: their
sensory impact, the reactivity with other components of the wine or possible
microbiological effects.
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2. Applicability

This method applies to all types of wines (white, red, sweetened or
fortified), for dicarbonyl compounds with a content that ranges from 0.05
mg/l to 20 mg/1 .

3. Principle

The method is based on the formation of derivatives of the quinoxaline type
based on the a-dicarbonyl compounds of the wine with 1,2-diaminobenzene
(Figure 2).

R
v
NH, 0=C Ny R
V
NH, 0 C\R N7 "R

1,2-diaminobenzene dicarbonyl  quinoxaline

Figure 2 Formation of derivatives.

The reaction takes place directly in the wine at pH 8 and after a reaction
time of 3 h at 60°C. The analysis of the derivatives is then carried out
directly by high-performance liquid chromatography (HPLC) and detection
by UV absorption at 313 nm.

4. Reagents and products

4.1 Dicarbonyl compounds
4.1.1 Glyoxal in a solution at 40% (CAS N° 107-22-3)
4.1.2 Methylglyoxal in a solution at 40% (CAS N° 78-98-8)
4.1.3 Diacetyl, purity > 99% (CAS N° 431-03-8)
4.1.4 2,3-Pentanedione, purity > 97% (CAS N° 600-14-6)
4.1.5 2,3-Hexanedione, purity > 90% (CAS N° 3848-24-6)
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4.2 1,2-Diaminobenzene in powder form, purity > 97%
4.3 Water for HPLC (for example microfiltered and with a resistivity of
18.2
MQ) (CAS N° 95-54-5)
4.4 Pure ethanol for HPLC (CAS N° 64-17-5)
4.5 Sodium Hydroxide M (CAS N° 1310-73-2)
4.6 Pure crystallisable acetic acid (CAS N° 64-19-7)
4.7 Solvent A for the analysis by HPLC
To 11 of water for HPLC (4.3) add 0.5 ml of acetic acid (4.8), mix,
degas (for example by sonication)
4.8 Solvent B for HPLC
Pure methanol for HPLC (CAS N° 67-56-1)
4.9 Aqueous-alcoholic solution at 50% vol.
Mix 50 ml of pure ethanol for HPLC (4.4) with 50 ml of water (4.3)
4.10 Solution of internal standard 2,3-hexanedione at 2.0 g/l
Place 40 mg of 2,3-hexanedione (4.2) in a 30-ml flask, dilute in 20
ml of aqueous-alcoholic solution to 50% vol (4.9) and stir until it has
completely dissolved.

5. Equipment

5.1 High-performance liquid chromatograph with detection by UV
absorption (313 nm);

5.1.1 Analytical column filled with 5 pm octadecyl silica whose dimensions
are for example 250 mm x 4.6 mm.

5.1.2 Data acquisition system.

5.2 pH measuring apparatus.

5.3 Magnetic stirrer.

5.4 Balance with a precision of 0.1 mg.

5.5 Solvent degasification system for HPLC (for example an ultrasonic
bath).

5. 6 Oven which can be set to 60°C.

5.7 Standard laboratory glassware including pipettes, 30-ml screw-cap
flasks, and microsyringes.
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6. Preparation of the sample

No specific preparation is necessary.

7. Procedure

Place 10 ml of wine in a 30-ml flask (5.7)

Bring to pH 8 while stirring, with sodium hydroxide M (4.5)

Add 5 mg of 1,2-diaminobenzene (4.2)

Add 10 pl of 2,3-hexanedione (internal standard) at 2.0 g/L. (4.10)

Close the flask using a screw-cap fitted with a Teflon-faced seal

Stir until the reagent has completely disappeared (5.3)

Place in the oven at 60°C for 3 h (5.6)

Cool.

7.1 Optimisation and analytical conditions

The yield of the reaction of the dicarbonyl compounds with the 1-2-
diaminobenzene is optimal at pH 8. Solutions of dicarbonyl compounds
have been derivatized at 25, 40 or 60°C and then analysed by HPLC
according to the protocol described in point 7.2 at different times (Table 1).
Diketones require much more reaction time and a higher reaction
temperature. The reaction is slower with molecules with longer chains (2,3-
pentanedione and 2,3-hexanedione).

In addition, no interference of SO, with the formation of quinoxalines was
noted during the study of the method.
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Table 1. Effect of reaction time and temperature on the formation of
derivatives by diaminobenzene from glyoxal, diacetyl and 2,3-hexanedione

Reaction time

1h 2h 3h
Temperature (°C) Recovery rate (%)
Glyoxal 25 92 93 94
40 95 97 98
60 96 98 100
Diacetyl 25 23 77 87
40 64 89 94
60 85 100 100
2,3-Hexanedione 25 17 67 79
40 55 79 88
60 69 93 100

7.2 Analysis by HPLC

- Injection. After cooling, 20 ul of the reaction medium containing the
quinoxalines is  directly injected into the HPLC  system.
- Elution programme. For the separation, the elution programme is
presented in Table 2

Table 2. Elution programme for the analysis by HPLC

Time in minutes solvent A solvent B
0 80 20
8 50 50
26 25 75
30 0 100
32 0 100
40 100 0
45 80 20
50 80 20
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The flow rate is 0.6 ml/min

- Separation. The chromatogram obtained by HPLC is shown in Figure 3.

- Detection. The maximum absorbance was studied for all the derivatized
dicarbonyl compounds and set at 313 nm as being optimal.

- ldentification of derivatives. The identification of the derivatives was
carried out by comparing the retention times with standard reference
solutions. The chromatographic conditions permit a good separation of the
peaks in all wines.

7. 2.1 Characteristics of the method by HPLC

Some internal validations methods have been determined but do not
constitute a formal validation proccess according to the protocol governing
the planning, the implementing and the interpreting of performance studies
pertaining to analysis methods (OIV 6/2000)

- Repeatability. The repeatability of the method was calculated using 10
analyses of the same wine (Table 3).

Table 3. Repeatability study and performance of the method
Average* Standard CV (%)

deviation
White wine
Glyoxal 4.379 0.101 2.31
Methylglyoxal 2.619 0.089 3.43
Diacetyl 5.014 0.181 3.62
2.3-Pentanedione 2.307 0.097 421
Red wine
Glyoxal 2.211 0.227 10.30
Methylglyoxal 1.034 0.102 9.91
Diacetyl 1.854 0.046 2.49
2,3-Pentanedione 0.698 0.091 13.09

* Results in mg/1 based on 10 analyses of the same wine.
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- Linearity. The linearity of the method was tested using standard solutions
(using an aqueous-alcoholic solution at 12% vol. as a matrix) (Table 4). The
quantitative analysis of the additions of dicarbonyl compounds showed that
the method is linear for the four compounds and that its precision is
satisfactory.

Table 4. Study of the linearity and recovery tests with standard solutions
(water-ethanol at 12% v/v) Value of the correlation coefficient

Glyoxal Methylglyoxal Diacetyl Pentane-2,3-dione
value® peak area ® value® peak area ® value® peak area ® value® peak area ®

1

R =0.992 R =0.997 R =0.999 R =0.999

- The recovery of additions carried out in red and white wines demonstrated
the satisfactory performance of the method . Contained in the 92% - 116%
range for extreme values

- The quantification limit of the dicarbonyl compounds is very low, the best
results being obtained with diacetyl, whose detection limit is 10 times lower
than that of the other compounds (Table 5).

Table 5. Performance of the method by HPLC for the quantification of
dicarbonyl compounds

Limits detection” determination® quantification®
Glyoxal 0.015 0.020 0.028
Methylglyoxal 0.015 0.020 0.027
Diacetyl 0.002 0.002 0.003
2.3-Pentanedione 0.003 0.004 0.006

a: results in mg/1, aqueous-alcoholic solution (10% vol).

OIV-MA-AS315-20: R2010 7



COMPENDIUM OF INTERNATIONAL ANALYSIS OF
METHODS — OlV
a-dicarbonyl compounds by HPLC after derivatization

Response
s
o
o

420

400

380

360

340

320

280

260

240

220

180

160

140

120

fione

100
80
60 s —.
40 =

20 ©

20

5 10 15 20 25 30 a5 40 45 50
Retention time

Figure 3. High-performance liquid phase chromatogram of dicarbonyl compounds
derivatized by 1,2-diaminobenzene from a white wine, detected by UV at 313 nm.
Spherisorb ODS Column 250 mm x 4.6 mm x 5 um.
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METHOD FOR THE DETERMINATION OF a-
DICARBONYL COMPOUNDS OF WINE BY GC AFTER

DERIVATIZATION BY 1,2-DIAMINOBENZENE
(O1V-Oeno 386B-2010)

Method OIV-MA-AS315-21 Type IV method

1. Introduction

The principal a-dicarbonyl compounds found in wine (Fig 1) are: glyoxal,
methylglyoxal, diacetyl and 2,3-pentanedione, but only o-diketones are
relatively abundant in wine. Carbonyl compounds exist in all types of
wines, particularly after malolactic fermentation and in red wines. In
addition, sweet white wines produced with botrytized grapes can contain
high levels of glyoxal and methylglyoxal.

Glyoxal: OCH—CHO (ethanedial)
Methylglyoxal: CH;—CO—CHO (2-oxopropanal)
Diacetyl: CH;—CO—CO—CHj; (2,3-butanedione)
2,3-pentanedione: CH3;—CH;—CO—CO—CHj3

2,3-hexanedi0ne: CH3—CH2—CH2—CO—CO—CH3

Figure 1. The principal a-dicarbonyl compounds of wine (2,3-hexanedione
is not naturally present in wine but it is used as internal standard).
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Dicarbonyl compounds are important in wine for different reasons: their
sensory impact, the reactivity with other components of the wine or possible
microbiological effects.

2. Applicability

This method applies to all types of wines (white, red, sweetened or
fortified), for carbonyl derivatives content ranging from 0.05 mg/L and 20
mg/L.

3. Principle

The method is based on the formation of derivatives of the quinoxaline type
based on the a-dicarbonyl compounds of the wine with 1,2-diaminobenzene
(Figure 2).

~R
NH, 0=C Ny R
/

1,2-diaminobenzene di-carbonyl  quinoxaline

Figure 2 Formation of derivatives.

The reaction takes place directly in the wine at pH 8 and after a reaction
time of 3 h at 60°C. The analysis of the derivatives is then carried out after
extraction of the derivatives by dichloromethane and analysis by gas
chromatography with detection by mass spectrometry (GC-MS) or using a
nitrogen-specific detector.

4. Reagents and products

4.1 Dicarbonyl compounds
4.1.1 Glyoxal in a solution at 40% (CAS n°® 107-22-3)
4.1.2 Methylglyoxal in a solution at 40% (CAS n° 78-98-8)
4.1.3 Diacetyl, purity > 99% (CAS n° 431-03-8)
4.1.4 2,3-Pentanedione, purity > 97% (CAS n° 600-14-6)
4.1.5 2,3-Hexanedione, purity > 90% (CAS n° 3848-24-6)
4.2 1,2-Diaminobenzene in powder form, purity > 97% (CAS n° 95-54-5)
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4.3 Water for HPLC (for example microfiltered and with a resistivity of
18.2
MQ)
4.4 Pure ethanol for HPLC (CAS n° 64-17-5)
4.5 Sodium hydroxide M. (CAS n° 1310-73-2)
4.6 Sulphuric acid 2M (CAS n° 7664-93-9)
4.7 Dichchloromethane (CAS n° 75-09-2)
4.8 Anhydrous sodium sulphate (CAS n°® 7757-82-6)
4.9 Aqueous-alcoholic solution at 50% vol .
Mix 50 ml of pure ethanol for HPLC (4.4) with 50 ml of water (4.3)
4.10 Solution of internal standard 2,3-hexanedione at 2.0 g/L
Place 40 mg of 2,3-hexanedione (4.2) in a 30-ml flask, dilute in 20
ml of aqueous-alcoholic solution to 50% vol (4.9) and stir until it has
completely dissolved.
4.11 Anhydrous sodium sulphate (CAS n° 7757-82-6)

5. Equipment

5.1 Gas chromatograph with detection by mass spectrometry (GC-MS) or a
nitrogen-specific detector.

5.1.1 Relatively polar, polyethylene glycol capillary column (CW 20M,
BP21 etc.) with the following characteristics (as an example): 50 m
x 0.32 mm x 0.25 um.

5.1.2 Data acquisition system.

5.2 pH measuring apparatus

5.3 Magnetic stirrer

5.4 Balance with a precision of 0.1 mg.

5.5 Oven which can be set to 60°C

5.6 Standard laboratory glassware including pipettes, screw-cap flasks, and
microsyringes.

6. Preparation of the sample

No specific preparation is necessary

7. Procedure
Place 50 ml of wine in a flask (5.6)
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Bring to pH 8 while stirring, with sodium hydroxide M (4.5)

Add 25 mg of 1,2-diaminobenzene (4.2)

Add 50 pl of 2,3-hexanedione (internal standard) at 2.0 g/L (4.10)

Close the flask using a screw-cap fitted with a Teflon-faced seal

Stir until the reagent has completely disappeared (5.3)

Place in the oven at 60°C for 3 h (5.5)

Cool.

7.1 Optimisation and analytical conditions (this study was carried out by
HPLC analysis, see this method)

The yield of the formation of derivatives of the dicarbonyl compounds with
the 1-2-diaminobenzene is optimal at pH 8 at 60°C after three hours of
reaction time

In addition, no interference of SO, with the formation of quinoxalines was
noted during the study of the method.

7.2 Analysis by GC

7.2.1 Extraction of quinoxalines

- The reaction medium prepared in 7 is brought to pH 2 using H,SO4 2M
(4.6);

- Extract 2 times using 5 ml of dichloromethane (4.7) by magnetic stirring
for 5 minutes;

- Decant the lower phase each time;

- Mix the two solvent phases;

- Dry on approximately 1 g of anhydrous sodium sulphate (4.11);

- Decant.

7.2.2 Chromatographic analysis (given as an example)

- Detection. For the analysis by GC-MS, a Hewlett Packard HP 5890 gas-
phase chromatograph was coupled with Chemstation software and an HP
5970 mass spectrometer (electronic impact 70eV, 2.7 kV),

Note: It is also possible to use a nitrogen-specific detector

- Column. The column is a BP21 (SGE, 50 m x 0.32 mm x 0.25 um).
- Temperatures. The temperature of the injector and the detector are
respectively 250°C and 280°C; that of the oven is held at 60°C for Imin,
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then programmed to increase at a rate of 2°C/min to 220°C and the final
isothermal period lasts 20 min.

- Injection. The volume injected is 2 ul and the splitless time of the injector
valves is 30s.

7.2.3 Analysis of quinoxalines formed

- Separation. The chromatogram of the derivatives from a wine obtained
with 1,2-diaminobenzene, using selected-ion monitoring (SIM), is shown in
Figure 3. Good separations were obtained with all types of wines (white,
red, sweetened or fortified), and even with fermenting musts.

- ldentification of the peaks. GC-MS was used to identify the dicarbonyl
compounds derivatized from the wine based on the total ion current method
(scan) which is used to obtain the mass spectra of derivatized quinoxalines
and to compare them with those recorded in the library; in addition, the
retention times were compared with those for pure compounds treated in the
same way. Table 1 shows the principal ions of the mass spectra for the
derivatized dicarbonyl compounds obtained.

- Determination. The quantitative determination of the dicarbonyl
compounds is performed with the SIM method, by selecting ions m/z = 76,
77,103, 117, 130, 144, 158 and 171. The ions m/z = 76 and 77 are used for
the quantification and the others as qualifiers, i.e. glyoxal: ions m/z = 103
and 130, methylglyoxal: ions m/z = 117 and 144, diacetyl: ions m/z = 117
and 158, 2,3-pentandione: ions m/z = 171 and 2,3-hexanedione: ions m/z =
158 and 171.

7.2.4 Characteristics of the method

Some elements of internal validation were determined, but this is not a
formal validation according to the protocol governing the planning, the
implementing and the interpreting of the performance studies pertaining to
the analysis methods (O1V 6/2000)

- Repeatability. The repeatability of the GC-MS-SIM method shows
coefficients of variation ranging between 2 and 5% for the four dicarbonyl
compounds;

- Recovery rate. The quantities added to a wine were recovered with a
recovery rate ranging between 92 and 117%;
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- Linearity. Linear correlations were obtained in concentrations ranging
from 0.05 to 20 mg/1.

- Limit of detection. The limit of detection of most of the derivatized
dicarbonyl compounds using wine as a matrix is 0.05 mg/l

Table 1. Mass spectra (ion m/z and abundance of the ion in relation to that
of the base peak) of derivatives of dicarbonyl compounds using 1,2-
diaminobenzene

Dicarbonyl Derivative Mass spectrum
(principal ions and

compound abundance)

Glyoxal Quinoxaline 130 (100), 103 (56.2),

76 (46.8), 50 (20.2),
75 (10.4), 131 (9.4)

Methylglyoxal 2-Methylquinoxaline 144 (100), 117 (77.8),
76 (40.5), 77 (23.3),
50 (21.9), 75 (11.3), 145
(10.3)

Diacetyl 2,3-Dimethylquinoxaline 117 (100), 158 (75.6),
76 (32.3), 77 (23.1),
50 (18.3), 75 (10.4)

2,3-Pentanedione  2-Ethyl-3-methylquinoxaline 171 (100), 172 (98), 130
(34.1), 75 (33.3),
77 (21), 50 (19.4), 144
(19), 143 (14.1),
103 (14)

2,3-Hexanedione  2,3-Diethylquinoxaline 158 (100), 171 (20.1),
76 (13.7), 77 (12.8),
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159 (11.4), 157 (10.8),
50 (8.1)
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Figure 3. Gas chromatogram of the extract from the dicarbonyl compounds
derivatized by 1,2-diaminobenzene from a white wine, detected by mass
spectrometry by selecting the ions m/z = 76, 77, 103, 117, 130, 131, 144, 158, 160
and 171. BP21 Column, 50m x 0.32mm x 0.25 um oven temperature 60°C for
Imin, then programmed increase of 2°C/min up to 220°C. Injector temperature:
250°C.

1. glyoxal; 2. methylglyoxal; 3. diacetyl; 4. 2,3-pentanedione; 5. 2,3-hexanedione
(internal standard); 6. phenylglyoxal (not studied with this method).
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(0] AV
CMC in white wines

Determination of carboxymethy! cellulose (cellulose gum,

CMC) in white wines
(O1V-0Oeno 404-2010)

OIV-MA-AS315-22 Type of method: IV

1. Introduction

Carboxymethyl cellulose (CMC) is a polymer derived from natural cellulose that
has been routinely used for many years now as a food additive (INS 466) in
products such as ice creams and pre-cooked meals [1], to give them smoothness.
The use of CMC in white wines and sparkling wines to contribute to their tartaric
stabilisation [2] was recently accepted by the OIV in resolution Oeno 2/2008
provided that the dose added to the wine is less than 100 mg/l. A specific method
for determination of CMC in white wine has therefore been developed based on the
method of H.D Graham published in 1971 [3].

2. Field of application

The method applies to white wines (still and sparkling).

3. Principle

Once the CMC has been isolated from the wine by dialysis, it is hydrolysed
in an acid medium to form glycolic acid which is then degraded to form
formaldehyde. 2,7-Dihydroxynaphthalene (DHN) is added to form 2,2,7,7-
tetrahydroxydinaphthylmethane in the presence of formaldehyde. The
complex formed develops a purple-blue colour under the action of
concentrated sulphuric acid, at 100 °C, allowing colorimetric measurement
at 540nm (Figure 1).
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Figure 1: Mechanism of reaction of CMC with DHN in hot concentrated
sulphuric acid
(Feigl, 1966)

&

Reagents

— Sodium carboxymethylcellulose [N° CAS 9004-32-4] (21902 - average
viscosity 400-1000 mPa-s, substitution degree 0.60-0.95)
2,7-Dihydroxynaphthalene [N° CAS 582-17-2] (purity > 98,0 % - HPLC)
95 % concentrated sulphuric acid

— Purified water for laboratory use (example of quality: EN ISO 3696)
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o

6.

Equipment

Laboratory glassware

Dialysis membrane (6000 to 8000 Da)
Temperature-controlled bath

Double-beam UV-visible spectrophotometer

Operating procedure

6.1 Preparation of the reagent

Place 50 mg of DHN weighed to within 1 mg in a calibrated 100 mL phial.
Add concentrated sulphuric acid up to the gauge line.

Place the calibrated phial in a temperature-controlled bath at 28 °C for 4h
(without stirring).

After heating, decant the reagent into a brown flask and store it in a refrigerator
at4 °C.

6.2 Preparation of wine test specimens

Insert 20 mL of wine, after degassing, into the dialysis membrane.

Place the dialysis membrane containing the wine in a 6-litre flask filled with
distilled water.

Leave to dialyse for 24h, changing the dialysis water twice.

6.3 Colour reaction

Place 1 mL of dialysed wine into a test tube.

Add 9 mL of reagent.

Place the test tube in a temperature-controlled bath at 100 °C for 2h.

Analyse the coloured solution by UV-visible spectrophotometer at 540nm and
read the absorbance value.

6.4 Calculation of the wine’s CMC content

Recording the absorbance value read in point 6.3 on the calibration curve
obtained for a wine (see figure 2)
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7. Characteristics of the method

Certain elements of the internal validation were determined but these do not
constitute a formal validation according to the protocol governing the planning,
the implementing and the interpretation of performance studies pertaining to
analysis methods (OIV 6/2000)

7.1 Linearity of the response

A white wine has been added with incremental quantities of CMC ranging between
0 and 100 mg/L, then submitted to dialysis and treated in the conditions defined in
the procedure described above. The response is linear for the concentrations under
consideration (figure 2).

Etude de la linéarité (WV03-11Q) v=0,00550x+0,23854
2,0 R’=0,38532
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Figure 2: Linearity of CMC determination in white wine

7.2 Repeatability

The repeatability of the determination of CMC in white wines was defined on the
basis of the results achieved on 22 samples of wine that underwent 2 successive
analyses, so as to be analysed in identical conditions. The results are given in table
1.
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calculated values

Repeatability:
standard deviation 0,075
CVin% 72%
r-limit 0,21
r-limit in % 20 %

Table 1: Repeatability of CMC determination in white wine

7.3 Reproducibility

The reproducibility of the determination of CMC in white wines was defined
through the analysis of a white wine by CMC, on 12 occasions at different dates.
The results are given in table 2.

calculated values

reproducibility
standard deviation 0,082
CVin% 9,6 %
R-limit 0,23
R-limit in % 27 %

Table 2: Reproducibility of CMC determination in white wine

7.4 Specificity

The specificity of CMC determination was verified by adding known
quantities of CMC into white wines. The recovery rates thus measure are
given in table 3.
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Sample Added Resulting Recovery
concentration concentration rate
(mg/l) (mg/l)
Wine 1 50 33 66 %
Wine 1 50 51 102 %
Wine 1 50 24 77 %
Wine 2 75 78 104 %
Wine 2 75 90 121 %
Wine 2 75 69 92 %
Wine 3 100 109 109 %
Wine 3 100 97 97 %
Wine 3 100 103 103 %
Wine 4 150 163 109 %
Wine 4 150 149 100 %
Wine 4 150 159 106 %

Table 3: Specificity of CMC determination in white wine

7.4 Detection and quantification limits

The detection limits (LD) and quantification limits (LQ) were calculated for
an untreated wine that underwent 10 analyses. The detection limit thus
determined is of 14 mg/l and the quantification limit is of 61 mg/I.

The method therefore enables to detect the adding of CMC into white wine
in quantities exceeding 20 mg/l and to quantify the addition when it exceeds
60 mg/l; this is not highly satisfactory but remains compatible with the
maximum authorised dose of 100 mg/I.

7.5 Uncertainty

The uncertainty was calculated at 3 different concentration levels (25, 75 and 150
mg/l) based on the analysis results for wines that have undergone CMC treatment,
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using the standard deviation reproducibility. The uncertainty thus obtained is of 40
mg/l, regardless of the CMC determination.
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OIV-MA-AS315-23 Type of Method: criteria

CRITERIA FOR THE METHODS OF QUANTIFICATION
OF POTENTIALLY ALLERGENIC RESIDUES OF

FINING AGENT PROTEINS IN WINE

(O1V-Oeno 427-2010)

1 Method Criteria Definitions

Trueness

the closeness of agreement between the average value
obtained from a large series of test results and an
accepted reference value

Repeatability limit, the value below which the absolute
difference between 2 single test results obtained under
repeatability conditions (i.e., same sample, same
operator, same apparatus, same laboratory, and short
interval of time) may be expected to lie within a
specific probability (typically 95%) and hence r = 2.8 x
Sy.

Standard deviation, calculated from results generated
under repeatability conditions.

Relative standard deviation, calculated froln results
generated under repeatability conditions [(Sy/X) x 100],

where X is the average of results over all laboratories
and samples.

Reproducibility limit, the value below which the
absolute difference between single test results obtained
under reproducibility conditions (i.e., on identical
material obtained by operators in different laboratories,
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using the standardised test method), may be expected to
lie within a certain probability (typically 95%); R = 2.8
XS,

R

Sk = Standard deviation, calculated from results under
reproducibility conditions.

RSDg = Relative standard deviation calculated from results
generated under reproducibility conditions [(S/X X
100]

Hog = HORRAT value: the observed RSDg value divided by
the RSDg value calculated from the Horwitz equation.

Bo = Mean blank

LOD = Limit of detection, calculated as LOD = By + 3*S,(By)

LOQ = Limit of quantification, calculated as LOD = By +
10*S(Bo)

2. General Aspects

Requirement
The method of analysis must be associated with specific oenological
practices

Additives or processing aids containing allergenic proteins
Each product must be characterized from the chemical point of view and
quality control is strictly necessary

Class of analytical methods
Generally speaking, immunoenzymatic approaches are considered the most
suitable and easy methods for routine control of allergens.
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The determination of allergenic fining agent proteins residues in wines
could use Sandwich, Competitive, Direct or Indirect ELISA methods.

If no enzyme-labeled antibody is available a biotinylated antibody and
avidine-HRP conjugate can be used for detection.

Antibody

- Antibody characterization (evaluation of detection of allergens with
higher or lower affinity)

- High specificity for the commercial processing aids (characterized as
described above)

- Cross-reactivity characterization taking in account the proteins
usually included in enological practices

- Capability to detect allergen derivatives that could be formed by
enological treatments (proteolysis or modified molecules)

Method

- Antibody must have optimal binding properties in wine samples

- Methods must have optimal performances in wine samples having
different chemical characteristics (pH and dry extract, red and white
wine, etc..)

- Results in wines coming from different geographical area (even
when different enological practices are applied) must be comparable

- The binding properties of the antibodies must be optimal with
different condition of maturation of wine (time, temperatures, color
changes ...)

3. Type of methods

Specific methods for the determination of fining agent proteins in wine are
not prescribed yet. Several ELISA methods are already available and can be
applied.

Laboratories shall use a method validated to OIV requirements that fulfils
the performance criteria indicated in Table 1. Wherever possible, the
validation shall include a certified reference material in the collaborative
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trial test materials. If not available, an alternative estimation of trueness
should be used.

The General Protocol for the Direct and Indirect ELISA Method

The direct, one-step method uses only one labeled antibody. This labeled
antibody is incubated with the antigen contained in the sample/standard and
bound to the well.

The indirect, two-step method uses a labeled secondary antibody for
detection. First, a primary antibody is incubated with the antigen contained
in the sample/standard and bound to the well. This is followed by incubation
with a labeled secondary antibody that recognizes the primary antibody.

Direct

1. Prepare a surface to which antigen in sample is bound.

2. Block any non-specific binding sites on the surface.

3. Apply enzyme-linked antibodies that bind specifically to the antigen.

4. Wash the plate, so that the antibody-enzyme conjugates in excess
(unbound) are removed.

5. Apply a chemical which is converted by the enzyme into a color or
fluorescent or electrochemical signal.

6. Measure the absorbance or fluorescence or electrochemical signal
(e.g., current) of the plate wells to determine the presence and
quantity of antigen.

Before the assay, the antibody preparations must be purified and conjugated.

Indirect

1. Prepare a surface to which antigen in sample is bound.

2. Block any non-specific binding sites on the surface.

3. Apply primary antibodies that bind specifically to the antigen

4. Wash the plate, so that primary antibodies in excess (unbound)
are removed.

5. Apply enzyme-linked secondary antibodies which are specific to
the primary antibodies.

6. Wash the plate, so that the antibody-enzyme conjugates in excess
(unbound) are removed.
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7. Apply a chemical which is converted by the enzyme into a color
or fluorescent or electrochemical signal.

8. Measure the absorbance or fluorescence or electrochemical
signal (e.g., current) of the plate wells to determine the presence
and quantity of antigen.

Before the assay, both antibody preparations must be purified and one must
be conjugated.

WS feacs

PR Pl cll i I cr o

Figure 1: Direct and indirect ELISA

For most applications, a high-binding polystyrene microtiter plate is best;
however, consult manufacturer guidelines to determine the most appropriate
type of plate for binding the given antigen.

The major advantage of direct and indirect ELISA is the high sensitivity,
achieved via a comparably easy set-up with reduced chances of unspecific
binding. However, it is only applicable in samples containing low amounts
of non-antigen protein.

General Protocol for the competitive ELISA Method
The term "competitive" describes assays in which measurement involves the
quantification of a substance by its ability to interfere with an established
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system. The detection can be done directly, one-step method, or indirectly,
two-step method.

Direct

1. Prepare a surface to which a known quantity of wanted antigen is
bound.

2. Block any non-specific binding sites on the surface.

3. Apply the sample or standard (antigen) and the enzyme-linked
antibodies that bind specifically to the antigen on the coated
microplate. The antigens immobilized on the surface and the
antigens in solution “compete” for the antibodies. Hence, the more
antigen in the sample, the less antibody will be bound to the
immobilized antigens.

4. Wash the plate so that the antibodies in excess (unbound) and
unbound antigen-antibody-complexes are removed.

5. Apply a chemical which is converted by the enzyme into a color or
fluorescent or electrochemical signal.

6. Measure the absorbance or fluorescence or electrochemical signal
(e.g., current) of the plate wells to determine the presence and
quantity of antigen.

Before the assay, the antibody preparations must be purified and must be
conjugated.

Indirect

1. Prepare a surface to which a known quantity of antigen is bound.

2. Block any non-specific binding sites on the surface.

3. Apply the sample or standard (antigen) and the specific primary
antibody to the coated microplate. The antigens immobilized on the
surface and the antigens in solution “compete” for the antibodies.
Hence, the more antigen in the sample, the less antibody will be
bound to the immobilized antigens.

4. Wash the plate so that the antibodies in excess (unbound) and
unbound antigen-antibody-complexes are removed.

5. Add a secondary antibody, specific to the primary antibody,
conjugated with an enzyme.
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6. Wash the plate so that the conjugated antibodies in excess (unbound)
are removed

7. Apply a chemical which is converted by the enzyme into a color or
fluorescent or electrochemical signal.

8. Measure the absorbance or fluorescence or electrochemical signal
(e.g., current) of the plate wells to determine the presence and
quantity of antigen.

Before the assay, both antibody preparations must be purified and one must
be conjugated.

© 40 .
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Figure 2: Direct and indirect competitive ELISA

For competitive ELISA, the higher the original antigen concentration, the
weaker is the signal.

For most applications, a high-binding polystyrene microtiter plate is best;
however, consult manufacturer guidelines to determine the most appropriate
type of plate for binding the given antigen.

General Protocol for the Sandwich ELISA Method

The Sandwich ELISA measures the amount of antigen between two layers
of antibodies (i.e. capture and detection antibody). The antigen to be
measured must contain at least two different antigenic sites (epitopes) for
binding two different antibodies. Either monoclonal or polyclonal antibodies
can be used.

OlV-MA-AS315-23: R2010 7



COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS — OIV
Criteria for the quantification of potentially allergenic residues of

fining agent proteins in wine

Direct
1.

ab~own

Prepare a surface to which capture antibody is bound.

Block any non-specific binding sites on the surface.

Apply the antigen-containing sample or standard to the plate.

Wash the plate, so that unbound antigen is removed.

Apply enzyme-linked antibodies (detection antibodies) that bind
specifically to the antigen.

Wash the plate, so that the enzyme-linked antibodies in excess
(unbound) are removed.

Apply a chemical which is converted by the enzyme into a color or
fluorescent or electrochemical signal.

Measure the absorbance or fluorescence or electrochemical signal
(e.g., current) of the plate wells to determine the presence and
quantity of antigen.

Before the assay, both antibody preparations must be purified and one must
be conjugated.

Indirect

1.

ok wn

8.

9.

Prepare a surface to which capture antibody is bound.

Block any non specific binding sites on the surface.

Apply the antigen-containing sample or standard to the plate.

Wash the plate, so that unbound antigen is removed.

Apply primary antibodies that bind specifically to the antigen.

Wash the plate, so that primary antibody in excess (unbound) is
removed.

Apply enzyme-linked antibodies (secondary antibodies) that bind
specifically to the primary antibody.

Wash the plate, so that the enzyme-linked antibodies in excess
(unbound) are removed.

Apply a chemical which is converted by the enzyme into a color or
fluorescent or electrochemical signal.

10. Measure the absorbance or fluorescence or electrochemical signal

(e.g., current) of the plate wells to determine the presence and
quantity of antigen.
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Before the assay, all the antibody preparations must be purified and one of
them must be conjugated.
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Figure 3: Direct and indirect Sandwich-ELISA

For indirect Sandwich-ELISA, it is necessary for the capture antibodies and
the detection antibodies to be raised in different species (e.g. mouse and
rabbit), so that the enzyme-linked secondary antibodies specific for the
detection antibodies do not bind to the capture antibodies, as well.

For most applications, a high-binding polystyrene microtiter plate is best;
however, consult manufacturer guidelines to determine the most appropriate
type of plate for binding the given antigen.

For sandwich ELISA, the measure is proportional to the amount of antigen
in samples.

The advantage of Sandwich ELISA is that even crude samples do not have
to be purified before analysis, and the assay can be very sensitive.

Table 1: Performance criteria for methods of analyses for potentially
allergenic fining agent proteins in wine

Parameter Value/Comment

Applicability Suitable for determining fining agents in
wine for official purposes.
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Detection limit

(expressed in mg/L)
Casein: at least 0,5
Isinglass : at least 0,5
Lysozyme : at least 0,5
Ovalbumin : at least 0,5

Limit of quantification

(expressed in mg/L)

Casein: at least 1
Isinglass : at least 1
Lysozyme : at least 1
Ovalbumin : at least 1

Precision HORRAT values of less or equal to 2 in the
validation collaborative trial

Recovery 80% - 105% (as indicated in the
collaborative trial)

Specificity Free from matrix interferences

Trueness

‘;— m‘ < 1,96 * \/SR(Iab)z — Sr(|ab)2*(l—1/n)

where m is the certified value of the wine

reference material and X is the average of n
measurements of compound content in this
wine, within the same laboratory.

Si(lab) are standard deviations, calculated
from results within the same laboratory
under repeatability conditions.

Sr(lab) are standard deviations, calculated
from results within different laboratories
under reproducibility conditions.
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Total bromide

Method OIV-MA-AS321-01 Type IV method

Total Bromide

1. Principle

The wine is ashed at 525 oC in presence of an excess of soda lime. A solution of the
residue (at pH 4.65) is treated with chloramine T to liberate bromide. The bromide
is reacted with phenolsulfonephthalein to form phenoltetra-bromophthalein-3°-3"’-
disulfonic acid, which is determined by spectrophotometer at 590 nm.

2. Apparatus
2.1 Boiling water-bath 100°C
2.2 Temperature-controlled electric furnace

2.3 Spectrophotometer capable of measuring absorbance at wavelengths between
300 and 700 nm

3. Reagents
3.1 Sodium hydroxide solution, 50% (m/m)
3.2 Calcium hydroxide suspension containing 120 g of CaO per liter

3.3 Phenolsulfonephthalein solution:
0.24 g of phenolsulfonephthalein (phenol red) are dissolved in 24 mL sodium
hydroxide solution, 0.1 M, and made up to the liter with distilled water.

3.4 pH 4.65 buffer solution:

ACELIC ACIA, 2 M oo 500 mL

Sodium hydroxide, 2 M ..., 250 mL

Distilled Water t0 ..., 1L
3.5 Oxidizing solution:

Chloramine T ..., 29

Distilled water to ................ 1L

Prepare this solution 48 hours before use
Storage: two weeks at + 4 9C
3.6 Reducing solution:

Sodium thiosulfate ...l 25 g/L.
Distilled water to ................... . 1L

3.7 Sulfuric acid, 10%(v/v): sulfuric acid (p2o = 1.84 g/mL) diluted 1/10.

3.8 Sulfuric acid, 1%(v/v): sulfuric acid (p2o = 1.84 g/mL) diluted 1/100.

3.9 Potassium bromide solution corresponding to 1 g of bromide per liter. 1.489g
of potassium bromide, KBr, is dissolved in distilled water and made up to one
liter.
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4, Procedure

4.1 How to obtain ash and ash solution
Place 50 mL of wine in a silica dish of 7 cm diameter, add 0.5 mL 50% sodium
hydroxide solution, (3.1), and 1 mL calcium hydroxide suspension (3.2).
Check that the pH is at least pH 10. Leave the dish covered with a watch glass
for 24 hours. Evaporate the liquid until dry on a boiling water bath. To
accelerate the evaporation, a hot air current can be used in the final stages.
Ash as follows: place the dish 30 minutes in a furnace (2.2) at 525°C. After
cooling, mix the residue with a little distilled water. Evaporate on the boiling
water-bath. Ash again at 525°C. Repeat the operation until the ash is
gray/white.
Mix the residue with 5 mL boiling distilled water. Add using a burette: first
10% sulfuric acid (3.7), then sufficient 1% sulfuric acid (3.8) to bring the pH
to between 4 and 5 as measured by indicator paper. Let X mL = the volume
added of sulfuric acid (3.7 & 3.8). Add 10.2-(X+5) mL of distilled water.
Crush the precipitated calcium sulfate with a glass rod. Transfer the content of
the dish to a centrifugation tube. Centrifuge for 10 min. Place 8 to 9 mL of
the clear supernatant into a test tube.

4.2 Qualitative test

This test is performed to determine if the bromide content of the wine is
between 0 and 1 mg/L, which would enable the determination to be performed
on the undiluted ash solution.
Place in a small test tube:

- 1 mL of ash solution

- 1 drop of pH 4.65 buffer solution

- 1 drop of phenolsulfonephthalein solution

- 1 drop of chloramine T solution
After exactly 1 minute, stop the reaction by adding 1 drop of sodium
thiosulfate solution.
If the coloration obtained is yellow, brownish yellow or greenish yellow, the
ash solution can be used undiluted.
If the obtained coloration is blue, purple or violet, the wine contains more than
1 mg of bromide per liter and the ash solution must be diluted 1/12 or 1/5 until
the coloration obtained corresponds to the conditions above.

4.3 Quantitative method
Place in a test tube:
- 5 mL of ash solution, diluted or undiluted, add:
- 0.25 mL of pH 4.65 buffer solution
- 0.25 mL of phenolsulfonephthalein solution
- 0.25 mL T chloramine solution
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Wait exactly 1 minute and add:

- 0.25 mL of sodium thiosulfate
Measure using a spectrophotometer set at 590 nm with a 1 cm cell, the
difference in absorbance between the sample and the blank obtained by adding
the same quantities of reagents to 5 mL of distilled water.

Note: When the bromide content is low (yellow coloration, slightly greenish)
determine the absorbance in a cell of 2 cm optical path.

4.4 Preparation of the calibration curve

At the time of use, prepare a solution containing 10 mg of bromine per liter by
making 2 successive dilutions (1/10) of standard potassium bromide solution,
1g/L.

In a set of 8 test tubes, place 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 2.00 and 2.50
mL respectively of bromide standard, 1g/L (3.9) and make up to 5 mL with
distilled water. (The solutions are equivalent to 0.10, 0.20, 0.30, 0.40, 0.50,
0.60, 0.80 and 1 mg of bromine per liter of wine without dilution of the ash
solution). Continue as in 4.3 using the calibration solutions instead of the ash
solution. Determine the absorbance of these solutions and a blank, as in 4.3,
using 5 mL of distilled water in the blank solution. The absorbance obtained
corresponding to the bromide concentration is plotted on a line that curves
slightly towards the origin.

5. Expression of results
5.1 Calculations

The bromide content in wine is obtained by plotting on the calibration curve,
the net absorbance of the ash solution (taking into account the thickness of the
cell used and any dilution of the ash solution) and interpolating the bromide
concentration. The total bromide content is expressed in milligrams per liter
(mg/L) to two decimal places.
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Method OIV-MA-AS321-02 Type Il method

Chloride

1. Principle
Chloride is determined directly in the wine by potentiometry using an Ag/AgCl
electrode.

2. Apparatus
2.1 pH/mV meter graduated at intervals of at least 2 mV.
2.2 Magnetic stirrer.

2.3 Ag/AgCl electrode with a saturated solution of potassium nitrate as
electrolyte.

2.4 Microburette graduated in 0.01 mL.
2.5 Chronometer.

3. Reagents

3.1 Standard chloride solution: 2.1027 g of potassium chloride, KCI (max.
0.005% Br), dried before use, by leaving in a desiccator for several days, is
dissolved in distilled water and made up to one liter. 1 mL of this solution
contains 1 mg CI~.

3.2 Silver nitrate solution: 4.7912 g of analytical grade silver nitrate, AgNOs3, is
dissolved in ethanol solution, 10% (v/v) and made up to one liter. 1 mL of this
solution corresponds to 1 mg Cl-.

3.3 Nitric acid, not less than 65% (py = 1.40 g/mL).

4. Procedure

4.1 Place 5.0 mL of standard chloride solution (3.1) into a 150 mL cylindrical
vessel placed on a magnetic stirrer (2.2), dilute with distilled water to
approximately 100 mL and acidify with 1.0 mL of nitric acid (3.3). After
immersing the electrode, add silver nitrate solution (3.2) with the
microburette, with moderate stirring using the following procedure: begin by
adding the first 4 mL in 1 mL fractions and read the corresponding millivolt
values. Add the next 2 mL in fractions of 0.20 mL. Finally, continue the
addition in fractions of 1 mL until a total of 10 mL has been added. After
each addition, wait for approximately 30 sec before reading the corresponding
millivolt value. Plot the values obtained on a graph against the corresponding
milliliters of titrant and determine the potential corresponding to the
equivalence point.
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4.2 Place 5 mL of the standard chloride solution (3.1) in a 150 mL cylindrical
vessel with 95 mL of distilled water and 1 mL of nitric acid (3.3). Immerse
the electrode and titrate, while stirring, until the potential of the equivalence
point is obtained. This determination is repeated until a good degree of
agreement in the results is obtained. This check must be carried out before
each series of measurements of chloride in the samples.

4.3 Place 50 mL of wine into a 150 mL cylindrical vessel. Add 50 mL of distilled
water and 1 mL of nitric acid (3.3) and titrate using the procedure described in
4.2.

5 Expression of results
5.1 Calculations

If n represents the number of milliliter of silver nitrate titrant, the chloride
content in the tested liquid, is given by:

20 x n expressed as milligrams CI per liter

0.5633 x n expressed as milliequivalents per liter,

32.9 xn expressed as milligrams of NaCl per liter.

5.2 Repeatability (r): r=1.2mgCIl/L
r = 0.03 mEqg/L
r =2.0 mg NaCl/L
5.3 Reproducibility (R) R=4.1 mg/L
R=0.12 mEq/L

R=6.8 mg NaCl/L

6. Note: For very precise determination.

Refer to the complete titration curve obtained during determination of the test

liquid (4.2).

a) Measure 50 mL of the wine to be analyzed into a 150 mL cylindrical vessel.
Add 50 mL of distilled water and 1 mL of nitric acid (3.3). Titrate using silver
nitrate solution (3.2), adding 0.5 mL at a time and recording the corresponding
potential in millivolts. Estimate from this first titration the approximate volume
of silver nitrate solution (3.2) required.

b) Repeat the determination adding 0.5 mL of titrant at a time until the volume
added is 1.5 to 2 mL less that the volume determined in (a). Thereafter add 0.2
mL at a time. Continue to add the solution beyond the estimated equivalence
point in a symmetrical manner, i.e. by adding 0.2 mL and then 0.5 mL at a time.

The end point of the measurement and the exact volume of silver nitrate consumed
are obtained:

— either by drawing the curve and determining the equivalence point;

— or by the following calculation:
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AAE
=V’ + oo ===
V=ViHAVv AAE; + AAE,
Where:
V  =volume of titrant at the equivalence point;
Vv’ =volume of titrant before the largest potential change;

AV; = constant volume of the increments of titrant, i.e. 0.2 mL;
AE; =second difference in potential before the largest potential change;
AE, =second difference in potential after the largest potential change.

Example:
Volume of AgNO3 E potential in Difference Second difference
titrating solution mV AE AAE
0 204 4
0.2 208 4 0
0.4 212 6 2
0.6 218 6 0
0.8 224 6 0
1.0 230 8 2
1.2 238 12 4
1.4 250 10
16 272 22 22
18 316 a4 10
2.0 350 34 8
22 376 26 6
2.4 396 20

In this example, the end point of the titration is between 1.6 and 1.8 mL: the
largest potential change (LJE = 44 mV) occurs in this interval. The volume of
silver nitrate titrant consumed to measure the chlorides in the test sample is:

- 22 _
V=16+0.2 55410 =1.74mL
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Method OIV-MA-AS321-03 Type Il method

Determination of fluoride content in wine using a fluoride

selective ion electrode, and a standard addition method
(Resolution Oeno 22/2004)

1. SCOPE

This method is applicable to the analysis of fluoride in all wines. With
proper dilution, the range of detection is 0.1 mg/l to 10.0 mg/I.

2. PRINCIPLE
The concentration of fluoride in the sample is measured after addition of a
buffer, using a fluoride ion selective electrode. The buffer provides a high,
constant background ionic strength; complexes iron and aluminium (which
would otherwise complex with fluoride); and adjusts the pH to a level that
minimises the formation of a HF*HF complex. The matrix effects are then
minimised using standard addition.
3. REAGENTS
3.1 Deionized or distilled water
3.2 Sodium chloride > 99.0% purity
3.3 Trisodic citrate > 99.0% purity

3.4 CDTA (1,2-diaminocyclohexane-N,N,N’,N’- tetracetic hydrate acid) >
98.0% purity3.5 Sodium hydroxide > to 98.0% purity

3.6 Sodium hydroxide solution 32% (w/v) made from 3.5
3.7 Glacial acetic acid > 99.0% purity

3.8 Sodium fluoride > 99.0% purity
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3.9 Commercial Total lonic Strength Adjustment Buffer (TISAB) (i.e. IllI-
Orion Research Inc. Cat. # 940911) or equivalent (See 4.2).
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3.10 Alternative TISAB:
3.10.1 To ca. 700 ml water (3.1) in a 1 | beaker (4.3), add 58.0 g £ 0.1
g sodium chloride (3.2) and 29.4 g + 0.1 g of tri-sodium citrate
(3.3).

3.10.2 Dissolve 10.0 g £ 0.1 g of CDTA (1,2-diaminocyclohexane-
N,N,N’,N’-tetraacetic acid) (3.4) and 6 ml of 32% (w/v) sodium
hydroxide (3.6) in approximately 50 ml of distilled water. (3.1)

3.10.3 Mix the two solutions together then add 57 ml of glacial acetic
acid (3.7) and adjust pH to 5.5 with 32% (m/v) sodium hydroxide
(3.6). Cool to room temperature, transfer to 1 | volumetric flask
(4.10), and dilute to volume with water (3.1).

3.11 Fluoride standard solutions

3.11.1 Fluoride stock standard solution (100 mg/l):

Weigh 221 mg + 1 mg of sodium fluoride (3.8) (dried at 105°C for 4
hours) into a 1 | polyethylene volumetric flask (4.10) and make to
volume with water. (3.1)

3.11.2 Fluoride calibration standards at 1.0 mg/l, 2.0 mg/l and 5.0 mg/I

: make 1.0 mg/l, 2.0 mg/l, and 5.0 mg/l calibration standards by
pipetting 1 ml, 2 ml, and 5 ml of the 100 mg/l stock standard (3.11.1)
into three polyethylene 100 ml volumetric flasks (4.10) respectively
and diluting to volume with water (3.1).

3.12 Wine blank : a wine known to be fluoride free is used as a matrix blank
3.13 1 mg/l spiked wine standard - Place 10 ml (4.11) of 100 mg/I fluoride stock

standard solution(3.11.1)into a 1 | volumetric flask (4.10) and
bring to volume with fluoride free wine (3.12).
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4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

APPARATUS

pH/ion analyser with standard addition capability (e.g. Corning pH/ion
Analyser 455, Cat. # 475344) or pH/ion analyser with extended mV range.

Fluoride ion selective electrode and single junction reference electrode or
combination electrode (e.g., Corning Fluoride Electrode Cat. # 34108-
490).

Beakers - 150 ml, 1 1, polyethylene

Cylinder - 50 ml graduated, polyethylene,.pouring.

Magnetic stirrer

Magnetic stir bars, PTFE coated.

Plastic bottles with caps, 125 ml (Nalgene or equivalent)

Precision pipette, 500 pl

Ultrasonic bath

4,10  Volumetric flasks, Class A, 50 ml, 100 ml, and 1 |

4.11  Volumetric pipettes, Class A, 1 ml, 2ml, 5 ml, 10 ml, 20 ml, and 25 ml

5. PREPARATION OF CALIBRATION STANDARDS

5.1 Place 25 ml (4.11) of 1.0 1.0 mg/l, 2.0 mg/l, and 5.0 mg/l standard
solutions (3.11.2) respectively into three 150 ml beakers (4.3), add 20 ml
(4.11) of water (3.1) and (4.11) 5 ml of commercial TISAB (3.9) to each. Mix
with a magnetic stirring. (4.5 and 4.6).

5.2 If using alternative TISAB reagent (3.10) : place 25 ml (4.11) of each
standard solution (3.11.2) into three 150 ml beakers (4.3) and add 25 ml
(4.11) of alternative TISAB reagent (3.10) to each. Mix with a magnetic
stirrer. (4.5 and 4.6)
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6. PREPARATION OF THE TEST SAMPLES

Mix the wine sample thoroughly before sampling. Sparkling wines should be
degassed before sampling by transferring to a clean beaker and placing in an
ultrasonic bath (4.9) until gas no longer evolves.

6.1 If using reagent (3.9), commercial TISAB : place 25 ml (4.11) of wine
sample into a 150 ml beaker (4.3) with 20 ml (4.11) of water (3.1) and add 5 ml
(4.11) of ommercial TISAB (3.9) solution. Mix with a magnetic stirrer (4.5 and
4.6). Dilution factor (DF) = 1.

6.2 If using alternative TISAB reagent (3.10) : place 25 ml (4.11) of wine
sample in a 150 ml beaker (4.3) and add 25 ml (4.11) of alternative TISAB
reagent (3.10). Mix with a magnetic stirrer (4.5 and 4.6). Dilution factor (DF) = 1.

7. PROCEDURE

Measurement (all standard and wine sample solutions must be at the same
temperature).

7.1 Calibration standards

Measure the potential of each of the calibration solutions, using the meter
(4.1), fluoride selective electrode (4.2), and reference electrode (4.2). The
final reading must be taken when the readings have stabilised (stability is
obtained when the potential varies by not more than 0.2 to 0.3 mV/ 3
minutes). Record the readings for each of the calibration standards.

The logyy of each of the standard concentrations versus the millivolt
reading measured for each standard concentration is plotted on graph paper
in order to determine the slope of the electrode.

7.2 Wine samples

Measure and record the potential expressed in mV (E1) of the sample (6.1
or 6.2) after the readings have stabilised. Add 500 pl (4.8) of 100 mg/I
fluoride standard (3.11.1) to the sample (6.1 or 6.2). After the readings
have stabilised, read and record the potential expressed in mV (E2) of the
wine solution.
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The final concentration must be at least double the fluoride concentration
in the sample solution. To make sure, if the fluoride concentration in the
test sample is above 2 mg/l on the first determination, a second
determination must be made after dilution of the sample as follows (7.2.1
or 7.2.2).

7.2.1 When using the commercial TISAB buffer (3.9): pipette (4.11) 25 ml
of wine sample in a 50 ml volumetric flask (4.10) and bring to volume with
water. Take 25 ml (4.11) of this diluted wine in a 150 ml cylindrical
beaker (4.3) and add 25 ml of commercial TISAB (3.9). Mix with a
magnetic stirrer (4.5 and 4.6) and then proceed with measurement as in
7.02. Dilution factor (DF) = 2.

7.2.2 When using the alternative TISAB buffer (3.9): pipette (4.11) 25 ml
of wine sample in a 50 ml volumetric flask (4.10) and bring to volume with
water. Pour 25 ml (4.11) of this diluted wine in a 150 ml cylindrical
beaker (4.3) and add 25 ml of alternative TISAB buffer (3.10). Mix with a
magnetic stirrer (4.5 and 4.6) and then proceed with measurement as in
7.2. Dilution factor: (DF) = 2.

8 CALCULATION

The fluoride content of the sample solution expressed in mg/l is obtained
by using the following formula:

_ Vax Ca % 1
Vo ((antilog AE/S)-1)

Ct
If the added standard solution V gq is < 1% of the volume of the
solution after the addition, so V.=V, and

1
((antilogAE/S) -1)

Ci = DF xCax

C; = fluoride concentration of the sample solution (mg/l)

DF = dilution factor. If it is necessary to dilute the sample as in
(7.2.1) orin (7.2.2), use the identical values for the dilution and the
sample. That is to say, DF = 2 for a diluted sample (7.2.1) and (7.2.2) or
DF=1ifitisnotasin (6.1) or (6.2)
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V, = initial volume of the sample solution before standard addition (ml)
V, = volume of the solution after standard addition (ml)

AE = difference between potentials E1 and E2 obtained in (7.2) in mV.
S =slope of the calibration curve of the electrode.

C:\M
¢ V

samp

where

Ca=concentration (in mg/l) of fluoride added to the sample volume (V, ) obtained
by multiplying the standard volume (3.11.1) added to the solution (V) by the
concentration (Cqg) of standard (3.11.1) and divided by the sample volume (25 ml)
using (6.1) or (6.2)

Vgg = volume added standard (3.11.1) (0.5 ml)

Vemp = Sample volume used in (6.1) or (6.2), Vsamp = 25 ml

Csq = standard concentration (3.11.1)

Calculation example:

(1) for a sample prepared as in (6.2) and measured as in (7.2)

DF=1
C - Vg XCqs _ 0.5mlx100mg/I = 2 mall
SRV 25 m |
AE =19.6 mV
S =-58.342
Cr = DF xCax _ 1
((antilogAE/S) -1)

1
((antilog 19.6/58.342) -1)
C, =1x2mg/1x0.856 = 1.71 mg/ | of fluoride

C, =1x2mg/l x
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(2) for a sample prepared as in (7.2.2), and measured as in (7.2)
DF=2

Vg XCqq _ 0.5mlx100 mg/1 _

C,= = 2mg /I
Vamp 25ml
AE =20.4 mV
S =-55.937
Ci = DF xCa x _ L
((antilogAE/S) -1)

1

C, =2x2mg/Lx .
((antilog20.4/55.937) -1)

Ci =2x 2mg/Ix 0.760 =3.04 mg/ | of fluoride

9. PRECISION

The details of inter laboratory study are given in Annex B. the Horrat (Hog) ranges
from 0.30 to 0.97 and indicates a very good reproducibility among participants.
The results of the statistical calculations are given in Annex B table 2.

The standard deviation of repeatability (RDS,) ranges from 1.94% to 4.88%. The
standard deviation of reproducibility (RDSg) ranges from 4.15% to 18.40%.
Average % recovery ranged between 99.8% and 100.3% of the mean target.

10. QUALITY ASURANCE AND MANAGEMENT

10.1 Analyse a standard solution from 1.0 mg/l (3.11.2) at the beginning and end
of each series of measurement. The results must be 1.0 £ 0.1 mg/I.

10.2 Before each measurement series analyse a blank sample (3.12) and for the
internal quality control (CQI) a overloaded wine (3.13). The blank sample must
not be over 0.0 mg/l £ 0.1 mg/l. and the CQI must not be over 1.0 mg/l £ 0.2 mg/I.
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Annex B

Inter laboratory Study

VALIDATION OF A FLUORIDE ION SELECTIVE ELECTRODE, STANDARD
ADDITION METHOD FOR THE MEASUREMENT OF FLUORIDE IN WINE

B.1 Introduction

The validation by collaborative trial of a fluoride selective ion electrode, standard
addition method for the determination of fluoride in wine is described. The
collaborative trial involved a total of twelve participants, six European and six
Americans, who took part in the study. The collaborative study was performed
using the AOAC, Youden protocol®.

B2 Participants

The twelve participants of this validation consisted of laboratories from Austria,
France, Germany, Spain, and the United States and comprised of the following:
BATF Alcohol and Tobacco Laboratory—Alcohol Section, SF, Walnut Creek,
CA., United States; BATF, National Laboratory Ctr., Rockville, MD, United
States; Bundesinstitut fir Gesundheitlichen Verbraucherschutz, Berlin, Germany;
Canandaigua Winery, Madera, CA, United States; CIVC, Epernay, France; E. & J.
Gallo Winery-Analytical Services Laboratory, Modesto, CA, United States; E. &
J. Gallo Winery-Technical Analytical Services Laboratory, Modesto, CA, United
States; ETS Labs, St. Helena, CA, United States; HOhere Bundeslehranstalt &
Bundesamt fiir Wein und Obstbau, Klosterneuburg, Austria; Institut Catala de la
Vinya i el Vi, Vilafranca del Penedes (Barcelona),Spain; Laboratorio Arbitral
Agroalimentario, Madrid, Spain; and Sutter Home Winery, St. Helena, CA.,
United States.

B3 Samples used in the trial
The samples used in the trial are given in Appendix |. They were distributed as

twelve wine samples (six Youden pairs of samples comprised of three red wines
and three white wines).
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Sample description

White wine with no fortification (total of 0.6 mg/l F)
White wine fortified with 0.3 mg /I (total of 0.9 mg/l F)
White wine fortified with 0.9 mg /I (total de 1,5 mg/l F)
White wine fortified with 1.2 mg /I (total de 1,8 mg/l F)
White wine fortified with 1.4 mg /I (total de 2,0 mg/l F)
White wine fortified with 1.7 mg /I (total de 2,3 mg/l F)
Red wine with no fortification (total de 0,2 mg/l F)

Red wine fortified with 0.3 mg /I (total de 0,5 mg/l F)
Red wine fortified with 0.8 mg /I (total de 1,0 mg/l F)
10 Red wine fortified with 1.1 mg /I (total de 1,3 mg/l F)
11 Red wine fortified with 2.5 mg /I (total de 2,7 mg/l F)
12 Red wine fortified with 2.8 mg /I (total de 3,0 mg/l F)

O©CoOo~NOOOITDS WN -

8.4 Results

A summary of the results obtained by the twelve participants is given in Table I.
None of the laboratories reported any difficulties with the analysis. One Youden
pair from one laboratory was determined to be an outlier, using the Cochran’s test.
These results are noted® in Table I, and were not used in the statistical analysis.
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Table 1
Collaborative data for the determination of fluoride in wine by fluoride selective
electrode, standard addition®

Lab White Wine Red Wine

Pair 1° Pair 2° Pair 3° Pair 4° Pair 5° Pair 6°

Number 1 2 3 4 5 6 7 8 9 10 11 12
1 055]080)1.33|156(1.86(22410.19|045)|0.89|1.17 254|277

2 052]081)139|164(1.86(23110.19|0.46)|0.92|1.20(2.58|2.77

3 052]081)140|1.70(1.92(22510.1410.42)0.96 |1.22|2.64]|2.95

4 0.62]098)148|1.64(1.85(2.1410.28|056|1.00|1.32|2.64]2.72

5 0480781134164 (1.84(21140.1210.39|0.88|1.16 |2.56 | 2.82

6 053084145174 (1.97(23040.1310.43]|0.92|1.21|2.66]2.93

7 053076127164 (1.89|2.0610.14|0.40)|0.88|1.12|2.44|2.83

8 0.57(0.88|1.51|1.85|2.11(2.33]0.48°/0.48°(1.01|1.32|2.64|3.08

9 051081140171 (190(22040.1310.42]|0.90|1.19(2.60|2.86

10 0540841143171 (193(22210.18|0.44]10.96|1.23|2.66|2.87

11 0.60]093)|148|1.75(1.98(23210.25|057|1.06|1.31(2.68]2.82

12 0.65]094)|154]1.79(2.05(23210.21|052]|1.03|1.24(2.81]3.07

N of cases| 12 12 12 12 12 12 11 11 12 12 12 12
Minimum| 0.48 | 0.76 | 1.27 [ 1.56 | 1.84 | 2.06 | 0.12 | 0.39 [ 0.88 | 1.12 | 2.44 | 2.72
Maximum| 0.65|0.98 | 1.54 | 1.85|2.11]2.33|0.28|0.57|1.06|1.32|2.81]3.08
Range| 0.17 | 0.22 | 0.27 ] 0.29 | 0.27 | 0.27 | 0.16 | 0.18 [ 0.18 [ 0.20 | 0.37 | 0.36
Mean| 0.55|0.85|1.42|1.70(1.93|223]|0.18|0.46 |0.95|1.22|2.62 | 2.87
Median| 054 [ 0.831.42(1.711191|225(0.18(0.44|0.94|1.22|2.64 | 2.85
Std Dev|0.050(0.069(0.079|0.079|0.084|0.091{0.052|0.063|0.061(0.065(0.090|0.114

& Units are mg fluoride/L.
> Youden pairs
¢ Value was deleted from data set by Cochran’s Test and was not included in the
statistical analysis
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Table 2

Statistical data from the collaborative study on the analysis of fluoride in wine by
fluoride selective ion electrode, standard addition method

White Wine Red
Wine
STATISTIC Pair 1 Pair 2 Pair 3 Pair 4 Pair 6
Pair 5
Total # of Labs 12 12 12 11° 12 12
Number of "replicates” 2 2 2 2 2 2
per lab
Mean (split levels) 0.55 1.42 1.93 0.18 0.95 2.62
0.85 1.70 2.23 0.46 1.22 2.87

Repeatability variance | 0.0006 | 0.0015 0.0026 | 0.0002 | 0.0005 | 0.0049
Repeatability Standard | 0.0235| 0.0382 0.5106 | 0.0156 | 0.0211 | 0.0703
Deviation
Relative standard 335%| 245% 245% | 488% | 1.94% | 255%
deviation RSDr,
repeatability
Reproducibility 0.0039| 0.0070 0.0089 | 0.0034 | 0.0042 | 0.0130
variance
Reproducibility 0.0625| 0.0835 0.0945 | 0.0587 | 0.0647 | 0.1141
standard deviation
Relative standard 8.92%| 5.36% 454% 11839% | 595% | 4.15%
deviation RSDR,
reproducibility
Horwitz Equation 16.88 14.97 14.33 19.00 15.80 13.74
Applied (as RSDR)
HORRAT Value HoR | 0.53 0.36 0.32 0.97 0.38 0.30
(RSDR
(measured)/RSDR
(Horwitz))
Average % recovery 93.1 94.6 96.7 91.0 94.4 96.4
¢ One lab pair was deleted from data set by Cochran’s Test
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Method OIV-MA-AS321-04 Type IV method

Total Phosphorus

1. Principle

After nitric oxidation and ashing, and dissolution in hydrochloric acid, phosphoric

acid is determined colorimetrically as the yellow phospho-vanadomolybdate

complex.

2. Apparatus

2.1 Boiling water-bath 100°C

2.2 Hot plate

2.3 Temperature-controlled electric furnace.

2.4 Spectrophotometer measuring absorbance at wavelengths between 300 and
700 nm

3. Reagents

3.1 Nitric acid, (p20 = 1.39 g/mL).

3.2 Hydrochloric acid, approx. 3 M; hydrochloric acid (p2o =1.15 - 1.18 g/mL)
diluted 1/4 with water.

3.3 Vanadomolybdate reagent:

Solution A: dissolve 40 g of ammonium molybdate, (NH4)sM07024.4H,0, in
400 mL water.

Solution B: dissolve 1 g of ammonium vanadate, NH4V O3, in 300 mL water
and 200 mL nitric acid (p2o = 1.39¢/L) (3.1). Leave to cool.

Vanadomolybdate reagent: place first solution B then solution A into a 1 liter
flask, and make up to the mark with water. Reagent to be used within 8 days
of preparation.

3.4 P,0s solution, 0.1 g/L.
Prepare a P,Os5 solution 1 g/L by dissolving 2.454 g of di-potassium hydrogen
phosphate, KoHPOy, in a liter of water. Dilute 10% (v/v).

4. Procedure

4.1 Ashing
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Place 5 mL” wine or must in a platinum or silica dish and evaporate on a
boiling water-bath (2.1). When the residue is nearly dry add 1 mL nitric acid
(3.1), place the dish on a hot plate (2.2) for 1 hour then in a furnace (2.3) at
600-650 OC until the ash is white.

4.2 Determination

Add 5 mL of hydrochloric acid, approximately 3 M (3.2) to the ash and
transfer the solution to a 100 mL volumetric flask. Rinse the dish with 50 mL
distilled water and pour the washings into the flask. Add exactly 25 mL of
vanadomolybdate reagent, stir and leave for 15 to 20 min to allow the color to
develop. Determine the absorbance at 400 nm.

Simultaneously, prepare standard solutions. Place in five 100 mL volumetric
flasks, 5, 10, 15, 20 and 25 mL respectively of P,Os solution, 0.1 g/L (3.4).
Make up to 50 mL with distilled water and add 25 mL vanadomolybdate
reagent. Leave for the exact same time as the samples, to allow the color to
develop. Make up to the mark with water and measure the absorbance at
400 nm.

In order to remain in the best absorbance zone do not reset to zero with
distilled water, but set the deviation of the spectrophotometer galvanometer on
a given absorbance for a determined concentration.

5. Expression of results
5.1 Calculation

The total phosphorous content expressed in milligrams per liter of phosphoric
anhydride, P,0s, is obtained by entering the absorbance of the wine sample on the
calibration graph and interpolating the total phosphorus concentration.

The total phosphorous content is expressed in milligrams per liter P,Os5 to the
nearest whole number.

BIBLIOGRAPHY

A.F.N.O.R., Norme U, 42-246, Tour Europe, Paris.
SUDRAUD P., Bull. O.1.V., 1969, 462-463, 933.

“A5mL sample volume is suitable for P,Os content, of between 100 and 500 mg/L.
Outside these concentration limits, increase or decrease the sample volume.
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Method OIV-MA-AS321-05A Type Il method

Sulfates

1. Principle
Gravimetric determination following precipitation of barium sulfate. The
barium phosphate precipitated at the same time is eliminated by washing the
precipitate in hydrochloric acid.
In the case of musts or wine rich in sulfur dioxide, prior de-sulfiting by boiling
in an airtight vessel is recommended.

2. Method
2.1 Reagents
2.1.1 Hydrochloric acid, 2 M.
2.1.2 Barium chloride solution, BaCl,.2H50, 200 g/L.

2.2 Procedure
2.2.1 General procedure:

Introduce 40 mL of the sample to be analyzed into a 50 mL centrifuge tube;
add 2 mL hydrochloric acid, 2 M (2.1.1), and 2 mL of barium chloride
solution, 200 g/L (2.1.2). Stir with a glass stirrer; rinse the stirrer with a little
distilled water and leave to stand for five min. Centrifuge for five min, then
carefully decant the supernatant liquid.

Wash the barium sulfate precipitate as follows: add 10 mL hydrochloric acid,
2 M (2.1.1), place the precipitate in suspension and centrifuge for five min,
then carefully decant the supernatant liquid. Repeat the washing procedure
twice as before using 15 mL distilled water each time.

Quantitatively transfer the precipitate, with distilled water, into a tared
platinum capsule and place over a water bath at 100°C until fully evaporated.
The dried precipitate is calcined several times briefly over a flame until a white
residue is obtained. Leave to cool in a desiccator and weigh.

Let m = mass in milligrams of barium sulfate obtained.

2.2.2 Special procedure: sulfited must and wine with a high sulfur dioxide
content.

Elimination of sulfur dioxide.

Measure 25 mL of water and 1 mL of concentrated hydrochloric acid (px=
1.15 to 1.18 g¢/mL) into a 500 mL conical flask equipped with a dropping
funnel and an outlet tube. Boil the solution to remove the air and introduce
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100 mL of wine through the dropping funnel. Continue boiling until the
volume of liquid in the flask has been reduced to about 75 mL and
quantitatively transfer, after cooling, to a 100 mL volumetric flask. Make up
to mark with water. Determine the sulfate in the 40 mL sample as indicated in
2.2.1.

2.3. Expression of results

2.3.1 Calculations:
The sulfate content, expressed in milligrams per liter of potassium sulfate, KoSOg4
is given by:

18.67 xm
The sulfate content in musts or wine is expressed in milligrams per liter of
potassium sulfate, to the nearest whole number.

2.3.2 Repeatability (r):
up to 1000 mg/L.: r=27 mg/L
approx. 1500 mg/L: r =41 mg/L

2.3.3 Reproducibility (R):
up to 1000 mg/L.: R =51 mg/L
approx. 1500 mg/L.: R =81 mg/L

BIBLIOGRAPHY

DEIBNER L, BENARD P., Ind. alim. agric., 1954, 71, n®1, 23; n05, 427; 1955, 72,
n09-10, 565 et n911, 673.

DEIBNER L., Rév. ferm. ind. alim., 1959, 14 n05, 179 et n%6, 227.

BLAREZ Ch., Vins et spiritueux, 1908, 149, Maloine éd., Paris.

DER HEIDE X. von, SCHITTHENNER F., Der Wein, 1922, 320, Vieweg & Sohn
Verlag, Braunschweig.

JAULMES P., Analyse des vins, 1924, 73, Dubois et Poulain, éd., Montpellier; 2€
édition, 1951, 112.

SIMONEAU G., Etude sur les modts concentrés de raisins, 1946, Thése pharm.,
Montpellier, 49.

RIBEREAU-GAYON J., PEYNAUD E., Analyse et controle des vins, 1947, 244, Ch.
Béranger éd., Paris-Liége.

FROLOV-BAGREEV A., AGABALIANTZ G., Chimie du vin, 1951, 369, Moscou,
Laboratoire de chimie de I'Etat de Wiirzburg (Allemagne), F.V., O.L.V., 1969, no321.
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Method O1V-MA-AS321-05B

Sulfates

Quick test method
Wines are classified into several categories using the so-called “limits”
method, based on the precipitation of barium sulfate using a barium ion titrant.

WITHDRAWN
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Method OIV-MA-AS322-01 Type IV method

Ammonium

1. Principle

Retention of the ammonium cation on a weak cation exchange resin, elution using
an acidic solution, distillation of the eluent and determination of the ammonia in
the distillate by titration with a standardized solution of hydrochloric acid.

2. Apparatus

2.1 Cation exchange resin column

A 50 mL burette with a glass stopcock fitted with a glass wool plug containing
25 g of weak cation exchange resin (e.g. Amberlite IR-50, 80-100 mesh).

Wash alternately with 1 M sodium hydroxide solution and 1 M hydrochloric
acid solution. Wash the resin with distilled water until a negative reaction of
chloride ion with silver nitrate is obtained. Pass 50 mL of neutral buffer
slowly through the glass column, rinse with distilled water until phosphates
begin to elute as detected using a saturated solution of lead acetate.

2.2 Distillation apparatus
Use the apparatus described in the chapter on Alcoholic Strength 3.1
The condensate is transferred to the conical flask through a drawn-out tube
touching the bottom of the vessel.
Alternatively, it is possible to use the steam distillation apparatus used in the
chapter on Volatile Acidity 4.1 or other apparatus that can be used for the
following experiments which check the purity of the reagents.

a) Place 40-45 mL of 30 % sodium hydroxide solution (v/v), 50 mL of water
and 50 mL hydrochloric acid, 1 M, in the distillation flask. Distil half the
volume and collect the distillate in 30 mL of boric acid solution, 40 g/L to
which 5 drops of methyl red have been added. Adjust the color to pink by
the addition of 0.1 mL of 0.1 M hydrochloric acid.

b) A test (similar to that described in a) is conducted using, 10 mL 0.05 M
ammonium sulfate solution, containing 3.55 g/L of anhydrous ammonium
sulfate, (NH4)2SO4. In this case, between 10 and 10.1 mL 0.1 M
hydrochloric acid must be used to obtain the change of color of the
indicator.

3. Reagents
3.1 Hydrochloric acid solution, 1 M.
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3.2 Sodium hydroxide, 1 M.
3.3 Neutral solution to wash the resin:

di-sodium hydrogen phosphate Na;P0O4.12H,0 .. v 1570
potassium di- hydrogen phosphate KH2KO; ... v 3.35°Q
water to .. ettt eneeeee. 1000 mL

Verify pH is 7+O 2
3.4 Sodium hydroxide solution, 30% (m/m), p = 1.33 g/mL
3.5 Hydrochloric acid solution, 0.1 M.
3.6 Phenolphthalein solution, 1% (m/v), in neutral ethanol, 96% (V/V)
3.7 Bromocresol green solution, 1% (m/v):

bromocresol green ... lg
dissolve in 0.1 M sodium hydroxide solution, ............. 14 mL
WALEE 0. e 100 mL
3.8 Methyl red ethanol/water solution, 0.2% (v/v):
methylred ..o, 0.2g
alcohol, 95% (VOL) oo, 60 mL
WALEN L0 oo 100 mL
3.9 Boric acid solution
BOric acid ......ccoovveveieieee 409
WaALET 0 .o 1000mL

Boric acid usually contains a small quantity of alkaline impurities and it is
possible to correct this by adding 5 drops of indicator to this solution and
adjusting to a pink color by means of few drops of 0.1 M hydrochloric acid (1
mL at most).

4. Procedure

Transfer 50 mL of the sample to be analyzed into a 250 mL beaker. Add a
quantity of sodium hydroxide, 1 M, equal to half of (n-0.5) mL, where n is the
volume sodium hydroxide solution, 0.1 M, used in the total acidity titration on 10
mL of wine. Pass this mixture through the cation exchange column (2.1) at a rate
of one drop every two seconds. The eluent pH should lie between 4 and 5. Rinse
the column with 50 mL of distilled water at the same flow rate.

Ammonium and other cations are quantitatively retained on the column. Amides,
oligopeptides and nearly all amino acids are eluted by the washing procedure.
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Elute the cations retained on the resin with 50 mL of 1 M hydrochloric acid, (3.1)
and rinse with 50 mL distilled water.* The eluate and the water washings are
combined in a 1 liter round bottom distillation flask.

Add one drop of phenolphthalein, 1% (m/v), and sufficient quantity of 30%
sodium hydroxide solution (m/v)(3.4), to obtain a true alkaline reaction, constantly
cooling the flask during this addition.

Distil about half the volume of the liquid from the distillation flask, into 30 mL of
4% boric acid (m/v)(3.9).

The distillate is titrated with 0.1 M hydrochloric acid (3.5), in the presence of
bromocresol green or methyl red. Record the volume of hydrochloric acid used (n).
5. Expression of results

The content of ammonium (NH4) ions is expressed in milligrams per liter to the
nearest whole number.

5.1 Calculation
The content of ammonium ions, expressed in milligrams per liter is:
36 xn
When wines with low ammonium content are analyzed, the determination is
conducted using 100 mL of wine. In this case the quantity of ammonium is given

by:
18 xn

BIBLIOGRAPHY
Usual Method:

JAULMES P., Analyse des vins, 1951, 220, Montpellier
KOURAKOU Mme S., Ann. Fals. Exp. Chim., 1960, 53, 337.

* The column should be washed with 50 mL of neutral buffer solution and rinsed with water
before using the column for another determination.
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Method OIV-MA-AS322-02A Type Il method

Potassium

1. Principle
Potassium is determined directly in diluted wine by atomic absorption

spectrophotometry after the addition of cesium chloride to suppress ionization
of potassium.

2 Method

2.1 Apparatus

- Atomic absorption spectrophotometer, equipped with an air-acetylene burner
~Potassium hollow cathode lamp

2.2 Reagents
2.2.1 Solution containing 1 g of potassium per liter.
Use a standard commercial solution containing 1 g of potassium per liter. This
solution may be prepared by dissolving 4.813 g of potassium hydrogen tartrate
(C4HsKOg) in distilled water and making up the volume to 1 liter with water.

2.2.2 Matrix (model) solution:

citric acid monohydrate .........ccocooooeeeeeeei e 35¢g
SUCTOSE  ..oooooeeeoeseoeeeeeeecesssssssssssssssssssseseessssss e 15¢g
glycerol 509
anhydrous calcium chloride, (CaCly) ... 50mg
anhydrous magnesium chloride (MgCly) .................. 50 mg
absolute alcohol ... 50 mL
water to ..., . 500 mL

2.2.3 Cesium chloride solution containing 5% cesium:
Dissolve 6.33 g of cesium chloride, CsCl, in 100 mL of distilled water.

2.3 Procedure

2.3.1 Preparation of sample
Pipette 2.5 mL of wine (previously diluted 1/10) into a 50 mL volumetric flask,

add 1 mL of the cesium chloride solution and make up to the mark with
distilled water.
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2.3.2 Calibration

Introduce 5.0 mL of the matrix solution into each one of five of 100mL
volumetric flasks and add 0, 2.0, 4.0, 6.0 and 8.0 mL respectively of the 1 g/L
potassium solution (previously diluted 1/10). Add 2 mL of the cesium chloride
solution to each flask and make up to 100 mL with distilled water.

The standard solutions contain 0, 2, 4, 6 and 8 mg of potassium per liter
respectively and each contains 1 g of cesium per liter. Keep these solutions in
polyethylene bottles.

2.3.3 Determination

Set the wavelength to 769.9 nm. Zero the absorbance scale using the zero
standard solution (2.3.2). Aspirate the diluted wine (2.3.1) directly into the
spectrophotometer, followed in succession by the standard solutions (2.3.2).
Record the absorbance for each solution and repeat.

2.4 Expression of results
2.4.1 Method of calculation

Plot a graph showing the variation in absorbance as a function of potassium
concentration in the standard solutions.

Record the mean absorbance obtained with diluted wine on this graph and
determine its potassium concentration C in milligrams per liter.

The potassium concentration, expressed in milligrams per liter of the wine to
the nearest whole number, is F x C, where F is the dilution factor (here 200).

2.4.2 Repeatability (r): r =35 mg/L.
2.4.3 Reproducibility (R): R =66 mg/L.

2.4.4 Other ways of expressing results
- In milliequivalents per liter: 0.0256 x F x C.
- In mg potassium hydrogen tartrate per liter: 4.813 x F x C.
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Method OIV-MA-AS322-02B Type 111 method

Potassium

1. Principle
Potassium is determined directly in diluted wine by flame photometry.
Note: The gravimetric determination of potassium tetraphenylborate
precipitated from the solution of the ash of wine is a precise method for the
determination of potassium and is described in the annex.

2. Method
2.1 Apparatus
2.1.1 Flame photometer supplied with an air-butane mixture.

2.2 Reagents
2.2.1 Reference solution containing 100 mg potassium per liter

Absolute alcohol ... 10 mL
Citric acid C6H307, HZO 700 mg
SUCrose ... 300 mg
Glycerol ... 1000 mg
Sodium chlorlde NaCI 50.8 mg
Anhydrous calcium chloride, CaCIz 10 mg
Anhydrous potassium hydrogen tartrate ............................ 481.3 mg
water to .. 1000 mL

Dissolve the potassmm hydrogen tartrate in 500 mL of very hot distilled water,
mix this solution with 400 mL of distilled water in which the other chemicals
have already been dissolved, and make up to one liter.

2.2.2 Dilution solution

Absolute alcohol ... 10 mL
Citric acid anhydrous ............eeieveeneeee. 100 Mg
SUCTOSE ..o 300 mg
Glycerol .. 1000 mg
Sodium chlorlde NaCI ................................................... 50.8 mg
Anhydrous calcium chloride, CaCly ........................ 10 mg
Anhydrous magnesium chloride, MgCly ..................... 10 mg
Tartaric aCid ... 383 mg
Water to .. 1000 mL

Preserve the solutions in polyethylene bottles by adding two drops of allyl
isothiocyanate (3-isothiocyanato-1-propene; CH,=CHCH,NCS).
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2.3 Procedure
2.3.1 Calibration

Place 25, 50, 75 and 100 mL of the reference solution into a set of four 100 mL
volumetric flasks and make up to 100 mL with the dilution solution to give
solutions containing 25, 50, 75 and 100 mg of potassium per liter respectively.

2.3.2 Determination

Make measurements at 766 nm. and adjust the 100% transmission using
distilled water. Successively aspirate the standard solutions directly into the
burner of the photometer, followed by wine diluted 1/10 with distilled water
and note the readings. If necessary, the wine already diluted Yo may be
further diluted with the dilution solution (2.2.2).

2.4 Expression of results

2.4.1 Method of calculation

Plot a graph of the variation in percentage transmission as a function of the
potassium concentration in the standard solutions. Record the transmission
obtained for the sample of diluted wine on this graph and determine the
corresponding potassium concentration C.

The potassium concentration in mg potassium per liter to the nearest whole
number will be:
FxC

where F is the dilution factor.

2.4.2 Repeatability (r): r =17 mg/L.

2.4.3 Reproducibility (R): R =66 mg/L.

2.4.4 Other ways of expressing results:
- In milliequivalents per liter: 0.0256 x F x C.
- In mg potassium hydrogen tartrate per liter 4.813 x F x C.
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Method OIV-MA-AS322-02C
Potassium
(Resolution Oeno 377/2009)

Gravimetric determination of potassium using sodium tetraphenylborate

WITHDRAWN
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Method OIV-MA-AS322-03A Type Il method

Sodium

1. Principle
Sodium is determined directly in the wine by atomic absorption
spectrophotometry after the addition of cesium chloride to suppress ionization
of sodium.

2. Method
2.1 Apparatus
- Atomic absorption spectrophotometer equipped with an air-acetylene
burner.
- Sodium hollow cathode lamp.

2.2 Reagents

2.2.1 Solution containing 1 g of sodium per liter:

The use of a commercial standard solution containing 1 g of sodium per liter is
preferred.

Alternatively, this solution may be prepared by dissolving 2.542 g of
anhydrous sodium chloride (NaCl) in distilled water and making up to a
volume of 1 liter.

Keep this solution in a polyethylene bottle.

2.2.2 Matrix (model) solution:

Citric acid monohydrate (CGH807 HZO) ........................... 35¢g
SUCIOSE ....ooooeveeen . 15¢
Glycerol .. 509
Anhydrous caIC|um chlorlde (CaCIz) .50 Mg
Anhydrous magnesium chloride, (MgCIz) ....................... 50 mg
Absolute alcohol . 50 mL
De-ionized water to SRR 500 mL

2.2.3 Cesium chloride solutlon contalnlng 5% cesium
Dissolve 6.330 g of cesium chloride, CsCl, in 100 mL of distilled water.

2.3 Procedure

2.3.1 Preparation of the sample
Pipette 2.5 mL of wine into a 50 mL volumetric flask, add 1 mL of the cesium
chloride solution (2.2.3) and make up to the mark with distilled water.
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2.3.2 Calibration

Place 5.0 mL of the matrix solution in each one of five 100 mL volumetric
flasks and add 0, 2.5, 5.0, 7.5 and 10 mL respectively of a 1:100 dilution of the
1 g/L sodium solution. Add 2 mL of the cesium chloride solution (2.2.3) to
each flask and make up to 100 mL with distilled water.

The standard solutions prepared in this way contain 0.25, 0.50, 0.75 and 1.00
mg of sodium per liter respectively and each contains 1 g of cesium per liter.
Keep these solutions in polyethylene bottles.

2.3.3 Determination

Set the absorbance wavelength to 589.0 nm. Zero the absorbance scale using
the zero standard solution. Aspirate the diluted wine (2.3.1) directly into the
spectrophotometer, followed in succession by the standard solutions (2.3.2).
Record each absorbance and repeat each measurement.

2.4 Expression of results

2.4.1 Method of calculation

Plot a graph of measured absorbance versus the sodium concentration in the
standard solutions.

Record the absorbance obtained with the diluted wine on this graph and
determine its sodium concentration C in milligrams per liter.

The sodium concentration in milligrams per liter of the wine will then be F x
C, expressed to the nearest whole number, where F is the dilution factor.

2.4.2. Repeatability (r): r=1+0.024 xj mg/L.
Xj = concentration of sodium in the sample in mg/L.

2.4.3. Reproducibility (R): R=25+0.05xj mg/L.
Xj = concentration of sodium in the sample in mg/L.
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Method OIV-MA-AS322-03B Type 111 method

Sodium

1. Principle
Sodium is determined directly in diluted wine (at least 1 mL:10 mL) by flame
photometry.

2. Method
2.1 Apparatus
2.1.1. Flame photometer supplied with an air-butane mixture.

2.2 Reagents
2.2.1 Reference solution containing 20 mg sodium per liter

Absolute alconol ..., 10 mL
Citric acid monohydrate (CsHgO7 H,O) ..o 700 mg
SUCTOSE ..o s 300 mg
GIYCerol ..o 1000 mg
Potassium hydrogen tartrate ... 481.3 mg
Anhydrous calcium chloride, CaCly .........cceeeie.ee. 10 mg
Anhydrous magnesium chloride, MgCly ................... 10 mg
Dry sodium chloride, NaCl ... 50.84 mg
WRLEE 10 .. 1000 mL
2.2.2 Dilution solution
Absolute alconol ..., 10 mL
Citric acid monohydrate (CgHgO7.H20) ...................... 700 mg
SUCTOSE .o 300 mg
GIYCErol ..., 1000 mg
Potassium hydrogen tartrate ...........vvveeeeverin. 481.3 mg
Anhydrous calcium chloride, CaCly ..o, 10 mg
Anhydrous magnesium chloride, MgCl; .................. 10 mg
Waterto ... 1000 mL

To prepare 2.2.1 and 2.2.2, dissolve the potassium hydrogen tartrate in
approximately 500 mL of very hot distilled water, mix with 400 mL of distilled
water into which the other chemicals have already been dissolved, and make
up to one liter.

Preserve the solutions in polyethylene bottles by adding two drops of allyl
isothiocyanate to each.
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2.3 Procedure

2.3.1 Calibration

Place 5, 10, 15, 20 and 25 mL of the reference solution in each of five 100 mL
volumetric flasks and make up to 100 mL with the dilution solution to give
solutions containing 1, 2, 3, 4 and 5 mg of sodium per liter respectively.

2.3.2 Determination

Carry out measurements at 589.0 nm and adjust the 100% transmission using
distilled water. Successively aspirate the standard solutions directly into the
photometer, followed by the wine diluted 1:10 with distilled water and note the
percentage transmission of each. If necessary, the wine already diluted 1:10
may be further diluted with dilution solution.

2.4 Expression of results

2.4.1 Calculation method

Plot a graph of the percentage transmittance versus sodium concentration of
the standard solutions. Record the transmission obtained for the diluted wine
sample on this graph and note the concentration, C, of sodium in the wine.

The sodium concentration in mg of sodium per liter will be:

FxC

where F is the dilution factor.

2.4.2 Repeatability (r)
r = 1.4 mg/L (except for liqueur wine)
r = 2.0 mg/L for liqueur wine.

2.4.3. Reproducibility (R)
R=4.7+0.08 xj mg/L.

Xj = sodium concentration in the sample in mg/L.
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Method OIV-MA-AS322-04 Type Il method

Calcium

1. Principle

Calcium is determined directly on diluted wine by atomic absorption
spectrophotometry after the addition of an ionization suppression agent.

2. Apparatus

2.1 Atomic absorption spectrophotometer fitted with an air-acetylene burner.

2.2 Calcium hollow cathode lamp.

3. Reagents

3.1 Calcium standard solution 1 g/L. Use of a standard commercial calcium
solution, 1 g/L, is preferred.
Alternatively this solution may be prepared by dissolving 2.5 g of calcium
carbonate, CaCQ0gs, in sufficient hydrochloric acid (concentrated hydrochloric
acid diluted 1:10) to dissolve it completely and making up to one liter with
distilled water.

3.2 Dilute calcium standard solution, 50 mg/L
Note : Store the calcium solutions in polyethylene containers.

3.3 Dilute lanthanum standard solution, 50 g/L

Dissolve 13.369 g of lanthanum chloride, LaCl3.7H,0 in distilled water; add 1
mL, of dilute hydrochloric acid (concentrated hydrochloric acid diluted 1/10)
and make up to 100 mL with distilled water.

4. Procedure
4.1 Preparation of sample

Place 1 mL of wine and 2 mL of the lanthanum chloride solution (3.3) in a 20
mL volumetric flask and make up to the mark with distilled water. The diluted
wine contains 5 g lanthanum per liter.

Note: For sweet wines, 5 g lanthanum per liter is sufficient provided that the
dilution reduces the sugar content to less than 2.5 g/L. For wines with higher
concentrations of sugar, the lanthanum concentration should be increased to 10
g/L.

4.2 Calibration
Place 0, 5, 10, 15 and 20 mL, of dilute standard calcium solution (3.2)
respectively into each of five 100 mL volumetric flasks, followed by 10 mL of
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the lanthanum chloride solution (3.3) and make up to 100 mL with distilled
water. The solutions prepared in this way contain 0, 2.5, 5.0, 7.5 and 10 mg of
calcium per liter respectively, and each contains 5 g of lanthanum per liter.
These solutions should be stored in polyethylene bottles.

4.3 Determination

Set the absorbance wavelength to 422.7 nm. Zero the absorbance scale using
the zero standard (4.2). Aspirate the diluted wine directly into the
spectrophotometer, followed in succession by the five standard solutions (4.2)
and record the absorbance. Repeat each measurement.

5. Expression of results

5.1 Method of calculation

Plot a graph showing the variation in absorbance as a function of the calcium
concentration in the standard solutions.
Record the mean value of the absorbance obtained with the sample of diluted
wine on this graph and read its calcium concentration C. The calcium
concentration in milligrams per liter of the wine to the nearest whole number is
given by:

20 x C.

5.2 Repeatability (r)

Concentration<60mg/L: r=2.7mg/L.
Concentration > 60 mg/L: r=4mg/L.

5.3 Reproducibility (R)
R mg/L = 0.114 x; - 0.5.

where x; = concentration in the sample in mg/L.
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Method OIV-MA-AS322-05A Type IV method

lron

1. Principle
After suitable dilution of the wine and removal of alcohol, iron is determined
directly by atomic absorption spectrophotometry.

2. Method
2.1 Apparatus
2.1.1 Rotary evaporator with thermostatically controlled water bath.
2.1.2 Atomic absorption spectrophotometer equipped with an air-acetylene
burner.
2.1.3 Iron hollow cathode lamp.

2.2 Reagents
2.2.1 Concentrated standard iron solution containing 1 g Fe (I11) per liter.
Use a standard commercial solution, 1 g/L. This solution may be prepared by
dissolving 8.6341 g of ferric ammonium sulfate, FeNH, (SO,),.12H,0, in

distilled water slightly acidified with hydrochloric acid, 1 M, and making up to
one liter.

2.2.2 Dilute standard iron solution containing 100 mg iron per liter.
2.3 Procedure
2.3.1 Preparation of sample
Remove the alcohol from the wine by reducing the volume of the sample to

half its original size using a rotary evaporator (50 to 60 °C). Make up to the
original volume with distilled water.

If necessary, dilute prior to analysis with distilled water.

2.3.2 Calibration

Place 1, 2, 3, 4 and 5 mL of the solution containing 100 mg iron per liter
(2.2.2) respectively into each of five 100 mL volumetric flasks and make up to
100 mL with distilled water. The solutions prepared in this way contain 1, 2, 3,
4 and 5 mg of iron per liter respectively. These solutions should be stored in
polyethylene bottles.

2.3.3 Determination

Set the absorption wavelength to 248.3 nm. Zero the absorbance scale using
distilled water. Aspirate the diluted sample directly into the spectrophotometer,
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followed in succession by the five standards (2.3.2). Record the absorbance.
Repeat each measurement.

2.4 Expression of results
2.4.1 Method of calculation

Plot a graph giving the variation in absorbance as a function of the iron
concentration in the standard solutions. Record the mean value of the
absorbance obtained with the diluted wine sample on this graph and read its
iron concentration C.
The iron concentration in milligrams per liter of the wine to one decimal place
is given by:

FxC

where F is the dilution factor.
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Method OIV-MA-AS322-05B Type IV method

lron

1. Principle

After digestion in hydrogen peroxide, 30%, the total iron, present as Fe (llI) state,
is reduced to the Fe (IlI) and quantified by the formation of a colored
ortho—phenanthroline complex.

2. Method
2.1 Apparatus
2.1.1 Kjeldahl flask, 100 mL.

2.1.2 Spectrophotometer enabling measurements to be made at a wavelength of
508 nm.

2.2 Reagents
2.2.1 Hydrogen peroxide, H,0,, 30% (m/v), solution, iron free.
2.2.2 Hydrochloric acid, 1 M, iron free.
2.2.3 Ammonium hydroxide (pzo = 0.92 g/mL).

2.2.4 Pumice stone grains, pretreated with boiling hydrochloric acid_diluted 1/2
and washed with distilled water.

2.2.5 Hydroquinone solution, CgHg0,, 2.5%, acidified with 1 mL concentrated
sulfuric acid (py = 1.84 g/mL) per 100 mL of solution. This solution must be
kept in an amber bottle in the refrigerator and discarded at the slightest sign of
darkening.

2.2.6 Sodium sulfite solution, Na,S0s, 20%, prepared from neutral anhydrous
sodium sulfite.

2.2.7 ortho-phenanthroline solution, C12HgN», 0.5%, in alcohol, 96% vol.
2.2.8 Ammonium acetate solution, CH3COONHj4, 20% (m/v).

2.2.9 Fe (ll) solution containing 1 g of iron per liter. Use of a commercial
solution is preferred. Alternatively, a 1000 mg/L Fe (lIl) solution can be
prepared by dissolving 8.6341 g of ferric ammonium sulfate, FeNH4
(S04)2.12H,0, in 100 mL of hydrochloric acid, 1 M, and making up the volume
to one liter with the hydrochloric acid, 1 M.

2.2.10 Dilute standard iron solution containing 100 milligrams of iron per liter.
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2.3 Procedure

2.3.1 Digestion
2.3.1.1 For wines with sugar content below 50 g/L

Combine 25 mL of the wine, 10 mL of the hydrogen peroxide solution and a
few grains of pumice into the 100 mL Kjeldahl flask. Concentrate the mixture
to a volume of 2 to 3 mL by heating. Allow to cool and add sufficient
ammonium hydroxide to make the residue alkaline thus precipitating
hydroxides while taking care not to wet the walls of the flask.

After cooling, carefully add hydrochloric acid, to the alkaline liquid to dissolve
the precipitated hydroxides and transfer the resulting solution to a 100 mL
volumetric flask. Rinse the Kjeldahl flask with hydrochloric acid, and
combined the solutions in the volumetric flask and make up to 100 mL.

2.3.1.2 For musts and wines with sugar content above 50 g/L

- If the sugar content is between 50 and 200 g/L, the 25 mL wine sample is
treated with 20 mL of hydrogen peroxide solution. Continue as in 2.3.1.1.

- If the sugar content is greater than 200 mg/L, the samples of wine or must
should be diluted 1/2 or possibly 1/4 before being treated with 20 mL of
hydrogen peroxide solution. Continue as in 2.3.1.1.

2.3.2 Blank experiment

Carry out a blank trial with distilled water using the same volume of hydrogen
peroxide solution as the amount used for the mineralization, following the
experimental protocol described in 2.3.1.1.

2.3.3 Determination

Introduce 20 mL of the hydrochloric acid wine digest solution and 20 mL, of
the hydrochloric acid solution obtained from the 'blank experiment' into two
separate 50 mL volumetric flasks. Add 2 mL of hydroquinone solution, 2 mL
of sulfite solution and 1 mL of ortho-phenanthroline. Allow to stand for 15
minutes, during which time Fe (111) is reduced to Fe (II). Then add 10 mL of
ammonium acetate solution, make each up to 50 mL with distilled water and
shake the two volumetric flasks. Use the solution originating from the blank
experiment to zero the absorbance scale at 508 nm and measure the absorbance
of the wine solution at the same wavelength.

2.3.4 Calibration

Place 0.5, 1, 1.5 and 2 mL of the 100 mg of iron per liter solution into each of
four 50 mL volumetric flasks, and add 20 mL of distilled water to each. Carry
out the procedure described in 2.3.3 to measure the absorbance of each of these
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standard solutions, which contain 50, 100, 150 and 200 micrograms of iron
respectively.

2.4 Expression of results
2.4.1 Method of calculation

Plot a graph giving the variation in absorbance as a function of the iron
concentration in the standard solutions. Record the absorbance of the test
solution and read off the iron concentration C in the hydrochloric acid
digestion solution, i.e. in 5 mL of the wine being analyzed.

The iron concentration in milligrams per liter of the wine to one decimal place
is given by:
200 x C

If the wine (or must) has been diluted, the iron concentration in milligrams per

liter of the wine to one decimal place is given by:
200xFxC

where F is the dilution factor.
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Method OIV-MA-AS322-06 Type IV method

Copper
(Resolution Oeno 377/2009)

1. Principle
The method is based on the use of atomic absorption spectrophotometry.

2. Apparatus

2.1 Platinum dish.

2.2 Atomic absorption spectrophotometer.

2.3 Copper hollow cathode lamp.

2.4 Gas supplies: air-acetylene or nitrous oxide/acetylene.

3. Reagents

3.1 Metallic copper.

3.2 Nitric acid (p2o = 1.38 g/mL), 65%.

3.3 Nitric acid (3.2), diluted 1/2 (v/v) with water.

3.4 Solution containing 1g of copper per L.

Use of a standard commercial copper solution is preferred. Alternatively this
solution may be prepared by weighing 1.000 g of metallic copper and
transferring it without loss to a 1000 mL volumetric flask. Add just enough
dilute nitric acid to dissolve the metal, add 10 mL of concentrated nitric acid
and make up to the mark with double distilled water.

3.5 Solution containing copper at 100 mg/L

Transfer 10 mL, of the 1 g/L solution 3.4. into a 100 mL volumetric flask, and
make up to the mark with double-distilled water.

3.6 Double-distilled water

4. Procedure
4.1 Preparation of sample and determination of copper

Place 20 mL sample in a 100 mL volumetric flask and make up to 100 mL with
double-distilled water. Modify the dilution if necessary to obtain a response
within the dynamic range of the detector.
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Measure the absorbance at 324.8 nm. Set the zero with double distilled water.
4.2 Constructing a standard curve

Pipette 0.5, 1 and 2 mL of copper solution into each of three 100 mL
volumetric flasks and make to the volume with double distilled water; the
solutions contain 0.5, 1 and 2 mg of copper per liter respectively. Measure the
absorbance of standard solutions and the sample prepared in and repeat each
measurement. Plot a graph showing the variation in absorbance as a function of
the copper concentration in the standard solutions.

5 Expression of results
5.1 Method of calculation

Using the measured absorbance of the samples read off the concentration C in
mg/L from the calibration curve.

If F is the dilution factor, the concentration of the copper present is given in
milligrams per liter by:

FxC.
It is quoted to two decimal places.

Notes:
a) Select a sample dilution appropriate to the sensitivity of the apparatus to be
used and the concentration of the copper present in the sample.

b) Proceed as follows when very low copper concentrations are expected in the
sample to be analyzed: Place 100 mL of the sample in a platinum dish and
evaporate on a water bath at 100 °C until it becomes syrupy. Add 2.5 mL of
concentrated nitric acid drop wise, covering the bottom of the dish completely.
Carefully ash the residue on an electric hotplate or over a low flame; then place
the dish in a muffle furnace set at 500° + 25°C and leave for about one hour.
After cooling, moisten the ash with 1 mL of concentrated nitric acid while
crushing it with a glass rod; allow the mixture to evaporate and ash again as
before. Place the dish in the muffle furnace again for 15 min; repeat the
treatment with nitric acid at least three times. Dissolve the ash by adding 1 mL
of concentrated nitric acid and 2 mL of double distilled water to the dish and
transfer to a 10 mL flask. Wash the dish three times using 2 mL of double
distilled water each time. Finally, make to volume with double distilled water.
Proceed to analyze the sample as in 4.1 but use 10 mL of solution. Take into
account the change in dilution factor when calculating the results.
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Method OIV-MA-AS322-07 Type Il method

Magnesium

1. Principle
Magnesium is determined directly on diluted wine by atomic absorption
spectrophotometry.

2. Apparatus
2.1 Atomic absorption spectrophotometer fitted with an air-acetylene burner.
2.2 Magnesium hollow cathode lamp.

3. Reagents

3.1 Concentrated magnesium standard solution containing 1 g/L
Use of a standard commercial magnesium solution (1 g/L) is preferred.
Alternatively, this solution may be prepared by dissolving 8.3646 ¢ of
magnesium chloride, MgC1,.6H-0, in distilled water and making up to 1 liter.

3.2 Dilute magnesium standard solution, 5 mg/L.
Note: Keep the standard magnesium solutions in polyethylene bottles.

4. Procedure

4.1 Preparation of sample
The wine is diluted 1/100 with distilled water.

4.2 Calibration
Place 5, 10, 15 and 20 mL of the dilute standard magnesium solution into each
one of a set of four 100 ml. volumetric flasks and make up to 100 mL with
distilled water. The standard solutions prepared in this way contain 0.25, 0.50,

0.75 and 1.0 mg of magnesium per liter respectively. These solutions should be
kept in polyethylene bottles.

4.3 Determination

Set the absorption wavelength to 285 nm. Zero the absorbance scale using
distilled water. Aspirate the diluted wine directly into the spectrophotometer,
followed in succession by the standard solutions (4.2).

Record the absorbance of each solution and repeat each measurement.
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5. Expression of results
5.1 Method of calculation

Plot a graph showing the variation in absorbance as a function of the
magnesium concentration in the standard solutions.

Record the mean value of absorbance with the diluted sample of wine on this
graph and read off the magnesium concentration C in milligrams per liter. The
magnesium concentration in milligrams per liter of the wine to the nearest
whole number is given by:

100x C
5.2 Repeatability (r): r=3mg/L.
5.3 Reproducibility (R): R =8 mg/L.
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Method OIV-MA-AS322-08 Type IV method

Zinc

1. Principle
After removal of alcohol, zinc is determined directly in the wine by atomic
absorption spectrophotometry.

2. Apparatus

2.1 Rotary evaporator and thermostatically controlled water bath.

2.2 Atomic absorption spectrophotometer equipped with an air-acetylene burner.
2.3 Zinc hollow cathode lamp.

3. Reagents

The water used must be double distilled in borosilicate glass apparatus or of an

equivalent degree of purity.

3.1 Standard solution containing zinc, 1 g/L
Use of a commercial standard zinc solution is preferred. Alternatively this so-
lution may be prepared by dissolving 4.3975 g of zinc sulfate, ZnS04.7H-0, in
water and making up the volume to one liter.

3.2 Dilute standard solution containing 100 mg of zinc per liter.

4. Procedure

4.1 Preparation of sample
Remove the alcohol from 100 mL of wine by reducing the volume of the
sample to half its original value using a rotary evaporator (50 to 60 °C). Make
up to the original volume of 100 ml, with double distilled water.

4.2 Calibration

Place 0.5, 1, 1.5 and 2 ml, of the solution containing 100 mg zinc per liter into
each one of four 100 mL volumetric flasks and make up to the mark with
double distilled water. The solutions prepared in this way contain 0.5, 1, 1.5
and 2 mg of zinc per liter respectively.

4.3 Determination

Set the absorbance wavelength to 213.9 nm. Zero the absorbance scale using
double distilled water. Aspirate the wine directly into the burner of the
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spectrophotometer, followed in succession by the four standard solutions.
Record the absorbance and repeat each measurement.

5. Expression of results

5.1 Method of calculation
Plot a graph giving the variation in absorbance as a function of zinc
concentration in the standard solutions. Record the mean value of the
absorbance obtained with the diluted wine sample on this graph and determine
its zinc concentration to one decimal place.
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Method OIV-MA-AS322-09 Type IV method

Silver

1. Principle
The method is based on the use of atomic absorption spectrophotometry after
ashing the sample.

2. Apparatus

2.1 Platinum dish.

2.2 Water bath, thermostatically controlled to 100 °C
2.3 Furnace set at 500 to 525 °C.

2.4 Atomic absorption spectrophotometer.

2.5 Silver hollow cathode lamp.

2.6 Gas supplies: air, acetylene.

3. Reagents
3.1 Silver nitrate, AgNOs3.
3.2 Nitric acid, (p20 = 1.38 g/mL), 65%.
3.3 Nitric acid, diluted 1/10 (v/v) with distilled water.
3.4 Solution containing 1 g of silver per L.
Use of a standard commercial silver solution is preferred. Alternatively this

solution may be prepared by dissolving 1.575 g of silver nitrate in dilute nitric
acid and making up to a volume of 1,000 mL with dilute nitric acid (3.3).

3.5 Solution containing 10 mg of silver per L.
Take 10 mL of the 1 mg/L solution and make up to 1 L with dilute nitric acid.

4. Procedure

4.1 Preparation of sample
Place 20 mL of the sample in a platinum dish and evaporate to dryness over a
boiling water bath. Ash in the furnace at a temperature of 500 to 525 °C.
Moisten the white ash with 1 mL of concentrated nitric acid (3.2). Evaporate
over a boiling water bath, repeat the addition of 1 mL nitric acid (3.2) and
evaporate a second time. Add 5 mL of dilute nitric acid (3.3) and heat gently
until dissolved.
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4.2 Calibration
Pipette 2, 4, 6, 8, 10 and 20 mL of solution (3.5) respectively into each of size
100 mL volumetric flasks and make up to the mark with dilute nitric acid (3.3):
the solutions contain 0.20, 0.40, 0.60, 0.80, 1.0 and 2.0 mg of silver per liter
respectively.

4.3 Set the absorbance wavelength to 328.1 nm. Adjust zero using double distilled
water. Measure the absorbance directly of successive standard solutions (4.2)
and carry out in duplicate.

5. Expression of results

Plot a graph showing the variation in absorbance as a function of the silver
concentration in the standard solutions.

Using the measured absorbance of the sample read the concentration C in mg/L
from the calibration curve.

The concentration of silver in the wine is given in milligrams per liter by
0.25x C.
It is quoted to two decimal places.

Note: Select the concentration of the solutions for the preparation of the calibration
curve. The volume of sample taken and the final volume of the liquid should be
appropriate for the sensitivity of the apparatus to be used.
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Method OIV-MA-AS322-10 Type IV method

Cadmium

1. Principle
Cadmium is determined directly in the wine by graphite furnace atomic absorption
spectrophotometry.

2. Apparatus

All the glassware must be washed in concentrated nitric acid prior to use, heated to

70 to 80 °C and rinsed in double distilled water.

2.1 Atomic absorption spectrophotometer equipped with a graphite furnace,
background correction and a recorder.

2.2 Cadmium hollow cathode lamp

2.3 5 ul micropipettes with special tips for atomic absorption measurement.

3. Reagents

The water used must be double distilled prepared using borosilicate glass

apparatus, or water of a similar purity. All reagents must be of recognized

analytical reagent grade and, in particular, free of cadmium.

3.1 Phosphoric acid (p2o = 1.71 g/mL), 85%.

3.2 Phosphoric acid solution obtained by diluting 8 mL of phosphoric acid with
water to 100 mL.

3.3 0.02 M Ethylenediaminetetraacetic acid disodium (EDTA) solution.

3.4 pH 9 buffer solution: dissolve 5.4 g of ammonium chloride in a few milliliters
of water in a 100 mL volumetric flask, add 35 mL of 25% (v/v) ammonium
hydroxide solution. Ammonium hydroxide solution, pzo = 0.92 g/mL, diluted
to 25% (v/v) and made up to 100 mL with water.

3.5 Eriochrome black T, 1% (m/m) solution in sodium chloride.

3.6 Cadmium sulfate, 3CdS0O4.8H-0.
The concentration of the cadmium sulfate must be verified using the
following method:
Weigh exactly 102.6 mg of the cadmium sulfate sample into a beaker with
some water and shake until dissolved; add 5 mL of the pH 9 buffer solution
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3.7

and approximately 20 mg of Eriochrome black T. Titrate with the EDTA
solution (3.3) until the indicator begins to turn blue.

The volume of EDTA added must be equal to 20 mL. If the volume is slightly
different, correct the weighed test portion of cadmium sulfate used in the
preparation of the reference solution accordingly.

Cadmium reference solution at 1 g per liter.

Use of a standard commercial solution is preferred. Alternatively this solution
may be prepared by dissolving 2.2820 g of cadmium sulfate in water and
making up to one liter. Keep the solution in a borosilicate glass bottle with a
ground glass stopper.

4, Procedure

41

4.2

4.3

Preparation of the sample

The wine is diluted 1/2 (v/v) with the phosphoric acid solution (3.2).
Preparation of calibration standards

Using the cadmium reference solution, prepare successive dilutions 2.5, 5, 10
and 15 pg of cadmium per liter respectively.

Determination

4.3.1 Furnace Programming (for guidance only):

Dry at 100°C for 30 seconds

Mineralize at 900 °C for 20 seconds

Atomize at 2250 °C for 2 to 3 seconds

Nitrogen flow (flushing gas): 6 liters/minute

Note: At the end of the procedure, increase the temperature to 2700 °C to
clean the furnace.

4.3.2 Atomic absorption measurements

Select an absorption wavelength of 228.8 nm. Set the zero on the absorbance
scale with double distilled water. Using a micropipette, introduce into the
furnace three 5 ul portions of each of the solutions in the calibration range
and the sample solution to be analyzed. Record the absorbance measured.
Calculate the mean absorbance value from the results for the three portions.

5. Expression of results
5.1 Method of calculation

Draw the absorbance variation curve as a function of the concentration of
cadmium in the solutions in the calibration range. The curve is linear. Enter
the mean absorbance value of the sample solution on the calibration curve
and obtain the cadmium concentration C. The cadmium concentration
expressed in micrograms per liter of wine is equal to 2C.
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Method OIV-MA-AS322-11

Lead
(Resolution Oeno 3/94)

1. Principle of the method
Lead is determined directly in wine by flameless atomic absorption
spectrophotometry.

WITHDRAWN
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Method OIV-MA-AS322-12 Type Il method

Criteria for the methods of quantification of lead in wine
(Resolution Oeno 7/2006)

1.1  Method Criteria Definitions

Trueness the closeness of agreement between the average value obtained from a
large series of test results and an accepted reference value

r= Repeatability limit, the value below which the absolute difference
between 2 single test results obtained under repeatability conditions (i.e., same
sample, same operator, same apparatus, same laboratory, and short interval of
time) may be expected to lie within a specific probability (typically 95%) and
hence r = 2.8 X sy.

Sy= Standard deviation, calculated from results generated under
repeatability conditions.

RSDy= Relative standard deviation, calculated from results generated under

repeatability conditions [(Srli) x 100], where X is the average of results over
all laboratories and samples.

R= Reproducibility limit, the value below which the absolute difference
between single test results obtained under reproducibility conditions (i.e., on
identical material obtained by operators in different laboratories, using the
standardised test method), may be expected to lie within a certain probability
(typically 95%); R =2.8 X s_..

Sk = Standard deviation, calculated from results under reproducibility
conditions.

RSDg = Relative standard deviation calculated from results generated under
reproducibility conditions [(S_/X x 100]

Hor = HORRAT value: the observed RSDg value divided by the RSDg value
calculated from the Horwitz equation [1].
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2 Method of analysis to be used by the laboratory and laboratory
control requirements

2.1 Requirements

Specific methods for the determination of lead in wine are not prescribed.
Laboratories shall use a method (Type Il) validated to OIV requirements [2]
that fulfils the performance criteria indicated in Table 1 e.g. GFAA or ICP-MS
methods are applicable provided they meet the performance criteria outlined
below. Wherever possible, the validation shall include a certified reference
material in the collaborative trial test materials. If not an alternative estimation
of trueness should be used. Examples of suitably validated methods for the
determination of lead in wine are provided in Appendices 1 & 2.

2.2  General considerations

All apparatus which comes into contact with the sample shall be made of an
inert material (e.g. polypropylene, polytetrafluoroethylene [PTFE], etc.). The
use of ceramic materials is not advisable because of the possibility that lead
might be present. If it is not certain that the materials available are free from the
analytes in question, their use shall be assessed by means of ad hoc studies,
which should be considered as an integral part of the validation of the method
of analysis. All plastic ware including sample containers shall be acid cleaned.
If possible, equipment used for preparing samples should be reserved for lead
analyses only.
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Table 1: Performance criteria for methods of analyses for lead in wine

Parameter

Value/Comment

Applicability

Suitable for determining lead in wine for official
purposes.

Detection limit

No more than one tenth of the value of the OIV limit
(expressed in pg/L)

Limit of
quantification

No more than one fifth of the value of the OIV limit
(expressed in ug/L) except if the value of the limit
for lead is less than 100 ug/L. For the latter, no more
than two fifth of the value of the specification

Precision HORRAT values of less or equal to 2 in the
validation collaborative trial

Recovery 80% - 105% (as indicated in the collaborative trial)

Specificity Free from matrix or spectral interferences

Trueness

‘X — m‘ <19 * \/SR(lab)z — Sr(lab)z*(l—]/n)
where m is the certified value of the wine reference

material and X is the average of n measurements of
lead content in this wine, within the same laboratory.
Sg(lab) and Si(lab) are standard deviations,
calculated from results within the same laboratory
under reproducibility and repeatability conditions.

2.3 Estimation of the analytical trueness and recovery calculations

Wherever possible the trueness of the analyses shall be estimated [3] by
including suitable certified reference materials in the analytical run. The analyst
shall also take due note of the ‘Harmonised Guidelines for the Use of Recovery
Information in Analytical Measurement’ [4] developed under the auspices of
IUPAC/ISO/AOAC. The recovery should be approximately 100 % in which
case recovery calculations are of minor importance.
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EXAMPLE 1

DETERMINATION OF LEAD IN WINE BY ATOMIC
ABSORPTION SPECTROMETRY

1 SCOPE AND FIELD OF APPLICATION

The method can be used for red, white, still, sparkling and fortified wines.

2 DEFINITION

The lead content of wine: the content of lead determined by this procedure
expressed as mg/L.

3 PRINCIPLE

Wine is diluted by a matrix matching cocktail and the lead concentration
measured directly by graphite furnace atomic absorption spectrometry
(GFAAS). A matrix matching mixture is added to both the wine to be
determined and the lead calibration standard solutions. This mixture contains
both GFAAS 'matrix modifiers' and wine simulating components. Their
purpose is to 'modify’ the matrices so that the same shape absorption vs. time
profile is obtained from both standard solutions and sample solutions during the
graphite furnace atomisation stage.

A delayed atomisation mechanism is required e.g. L'vov platform.

The exact composition of the diluent may need to be adjusted to suit particular
models of graphite furnace instruments. Before the method is applied
experiments must be conducted to check the absorbance vs. time profiles
produced by standards and samples and necessary adjustments made to the
diluent. The instrument used must be capable of monitoring the absorbance vs.
time profile during atomisation. The profile should be such that standards and
samples perform alike and that the lead atomisation peak precedes the bulk of
the background non-specific absorption enabling the background correction
mechanism employed to operate effectively. Examples of matched profiles are
given in Annex 2.
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4 REAGENTS

Chemicals should be of the highest quality available in terms of being free of
lead. Deionised distilled water, or water of equivalent purity, is to be used.
Unless otherwise indicated all solutions are prepared fresh daily.

4.1 Diluent solution

NOTE 1: The exact composition of the diluent used may need adjustment to suit
the specific model of instrument and graphite furnace employed. If problems
are experienced with the suggested modifier composition adjust the phosphate
and nitrate concentrations to give:

i) a stable element signal at the optimum ashing temperature and

ii) atomisation with a single reproducible analyte peak which is time separated
from the background signal.

Equipment with VDU facilities will allow analysts to confirm time separation of
the sample and background peaks (See Annex). The following is an example of
a technique for determining the absorbance versus time profile:

Measure the full peak width at half maximum height (FWHM) of a sample peak
and compare it to the FWHM of a calibration standard with a similar maximum
absorbance. If the peak shapes are visibly different then the composition of the
matrix modification modifier needs to be adjusted.

The following are examples of diluents utilised for:

(a) a Perkin-Elmer 3030 equipped with deuterium arc background corrector
with an HGA 500 furnace; and (b) a Thermo-Electron Video 12E equipped

with Smith-Hieftje background corrector, a CTF 188 furnace and a
FASTAC sample deposition system.

4.1.1 Perkin-Elmer 3030 diluent:

To 187 g of water in a 250 ml plastic bottle (5.1) add 11 g ethanol (4.1.3.), 1.1 g
of glucose (4.1.4.), 1.1 g of fructose (4.1.5.) and 0.28 g of sodium chloride
(4.1.6.). Shake to dissolve the solids. Then add 22 ml nitric acid (4.1.7.) and 4.4
g ammonium dihydrogen orthophosphate (4.1.8.). Shake until all the phosphate
has dissolved. Finally add 0.88 g magnesium nitrate (4.1.9.) and shake again
until no undissolved solid remains.
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4.1.2 Thermo-Electron Video 12E diluent:

As above but only 0.66 g of ammonium dihydrogen orthophosphate (4.1.8.) and
0.44 g magnesium nitrate (4.1.9.) are used.

4.1.3 Ethanol (absolute)

4.1.4. D-glucose

4.1.5. D(-)fructose

4.1.6. Sodium chloride

4.1.7. Nitric acid (concentrated)

4.1.8. Ammonium dihydrogen orthophosphate
4.1.9. Magnesium nitrate hexahydrate

4.2 10% ethanol (v/v)

To 180 ml water in a 250 ml plastic bottle (5.1.) add using a pipette 20 ml of
ethanol (4.1.3.) and shake to mix.

4.3. Lead standard solutions

4.3.1. Lead standard solution (1000 mg/l)
4.3.2 Lead standard solution (10.00 mg/l)

Into a 100 ml volumetric flask (5.2.) pipette (5.7.) 1.00 ml of lead standard
solution (4.3.1.). Dilute to volume with water and mix thoroughly.

NOTE 2 : Check calibration of pipette immediately prior to use.

4.3.3 Lead working standard (1.00 mg/l)

Into a 100 ml volumetric flask (5.2.) weigh out 10.00 g of the lead stock
solution (4.3.2.) using a Pasteur pipette (5.3.). Wash the inside neck of the
volumetric flask with water, add 1 ml of nitric acid (4.1.7.) and make up to the

mark with water. Shake to mix thoroughly.

4.3.4. Lead calibration solutions.
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The eight calibration standards are made up in universal containers (5.4.). A
range of 0 to 50 ug/l is covered by the standards. They are 0.0, 2.5, 5.0, 10.0,
20.0, 30.0, 40.0 and 50.0 ug/l. A ninth container is used to prepare a reagent
blank.

Rinse out the inside of each container three times with water and shake dry;
rinse the caps three times and shake dry. Leave the capped containers standing
upright for 5-10 minutes and then shake out residual liquid. Pipette (5.8) into
the 9 containers, in order: 5.00, 5.00, 4.95, 4.90, 4.80, 4.60, 4.40, 4.20 and 4.00
ml of water. Into each of the containers pipette (5.8.) 5.00 ml of 10 % ethanol
(4.2) followed by two 5.00 ml aliquots of diluent (4.1).

Into the 9 containers pipette (5.6) (5.7) in order: 0 (reagent blank), 0, 50, 100,
200, 400, 600, 800 and 1000 ul of working standard (4.3.3). Cap the containers
and shake to mix the contents. Prepare fresh for each batch of samples.

4.4 1% (v/v) nitric acid.

5. APPARATUS

All glass and plastic ware used must be acid cleaned (soaked in 20 % nitric acid
for at least 24 hours), rinsed thoroughly with distilled water prior to use and
kept covered (with cling-film if appropriate) to prevent aerial contamination.

5.1 250 plastic bottles, with caps (for example: Nalgene or equivalent).

5.2 Volumetric flasks, 100 ml (Grade A).

5.3  Pasteur pipettes, with teats

5.4  Universal containers, 30 ml (Nunc, Sterilin or equivalent).

5.5 Glass beakers, 600 ml.

5.6 Pipette*, 40 - 200ul (Labsystems Finnpipette or equivalent).
5.7  Pipette*, 200 - 1000ul (Labsystems Finnpipette or equivalent).
5.8 Pipette*, 0.5 - 5.0 ml (Labsystems Finnpipette or equivalent).

5.9 Pipette*, 2.0 - 10.0 ml (Labsystems Finnpipette or equivalent).
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*NOTE 3: pipettes should be calibrated each day (of use).

5.10 Analytical balance, (+ or - 1 mg, Mettler PC440 or equivalent).

5.11 Vortex type mixer or equivalent.

5.12 Test tubes, 20 ml capacity.
5.13 Test tube racks, suitable for use with 5.12.
5.14 Container racks, suitable for use with 5.4.

5.15 Magnetic stirrer.

5.16 Magnetic follower, PTFE coated.

5.17 Pipette tips, suitable for use with 5.6, 5.7, 5.8 and 5.9

5.18 Atomic absorption spectrometer,

Atomic absorption spectrophotometer equipped with a graphite furnace,
atomisation delay cuvette, auto-injector, background corrector, and absorbance
vs. time profile monitoring facility equivalent to the following. Instrumental
conditions should be adjusted appropriately for the model used. The following
are given as examples:

(@)  Atomic absorption spectrophotometer, Perkin-Elmer 3030 equipped with
deuterium arc background corrector for non-specific absorption. Lead hollow
cathode lamp operated at 12 mA. Monitor the 283.3 nm line; slit width 0.7 nm.
Graphite furnace, HGA 500 fitted with pyrolytically coated graphite tube with a
solid pyrolytic graphite L'vov platform resting inside. Use argon as the purge
gas. The furnace conditions for the HGA 500 are as follows:
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Step 1 2 3 4 5 6
Temperature 200 1100 1100 1800 2400 20
(°C)

Ramp (s) 5 20 1 0 1 1
Hold (s) 60 20 2 3 6 25
Gas Ar Ar Ar Ar Ar Ar
Gas flow 50 50 0 0 300 300
(mL/min)

Read (2.5s X

integration)

Auto-sampler/injector, AS 40.

position.

20 pl injection volume, 3 injections per tray

(b)  Thermo-electron Video 12E Atomic absorption spectrophotometer used
with a CTF 188 Graphite Furnace and a FASTAC sample deposition
system with the following conditions:

(c)

Step 1 2 3 4 5

Temperature (°C) 150 350 650 100 240
0 0

Ramp (s) 0 30 15 1

Hold (s) 2 0 5 4 10

Gas Ar Ar Ar Ar Ar

Gas flow (mL/min) 50 50 0 0 300

Read (2.5s integration) X

Sample deposition 5 s, FASTAC delay time 10 s, with 3 injections per tray
position. Monitor the 283.3 nm line.

OIV-MA-AS322-12 : R2006
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6. PROCEDURE

6.1. Preparation of wine

Shake the wine container to thoroughly mix the contents before sub-sampling.
Sparkling wines should be transferred to a clean beaker and placed in an
ultrasonic bath until gas is no longer evolved prior to use.

6.2 Measurement solutions

6.2.1 Wine samples

Into a 20 ml test tube (5.12) pipette (5.8) 2.00 ml of water, 4.00 ml of diluent
(4.1) and 2.00 ml of the sample wine. Mix thoroughly using the vortex mixer
(5.11).

6.2.2 Recovery estimates

For recovery estimate purposes pipette (5.8) into a 20 ml test tube (5.12) 1.80
ml of water, 4.00 ml of diluent (4.1), 2.00 ml of the sample wine and add using
a pipette (5.7) 0.200 ml of lead working standard (4.3.3). Mix thoroughly using
the vortex mixer (5.11).

NOTE 4: Any sample that exceeds the highest calibration standard will have to
be re- analysed using a smaller sample aliquot. Add extra 10% ethanol (4.2) to
the sample volume.

6.3. Measurement

Determinations are carried out in batches. Each batch is to contain at least four
replicates of the reagent blank and three spiked replicates of samples for
recovery estimate purposes. The lead calibration solutions are distributed
evenly amongst the unknowns on the auto-sampler tray. Transfer the samples
and standards to the auto-sampler sample containers using a Pasteur pipette
(5.3). Discard the first filling of the container and measure the second filling (if
there is not enough sample solution, care will have to be taken to ensure that
the sample containers are scrupulously clean). Wash the Pasteur pipette four or
five times with 1% nitric acid (4.4.) between each standard and sample transfer.
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6.4. Quantification of lead

The mean absorbance from 3 injections is used in all cases.Construct a
calibration graph from the mean responses given by the in-batch standards.
Note the absorbances recorded by the instrument for each sample. The lead
concentration of the sample solutions are determined by comparison with the
calibration graph.

NOTE 5: It is recommended that the furnace tube and platform be replaced
every two batches or sooner if there is a marked decrease in the measured
absorbance of the standards.

7 EXPRESSION OF RESULTS

Correct the results for the average in-batch recovery.

7.1  Calculation

Obtain from the calibration graph, the lead content of all the measurement
solutions. Calculate the lead content of the wine samples and spiked wine

samples using the following calculation:

(Cm-Cb) x Vt
Pb concentration (mg/l) =

Vim

where:

C__is the mean lead concentration of the measurement solution (mg/l).

Cb is the mean measured lead concentration of the reagent blank solutions
(mg/D).

V. is the final total volume of the measurement solution (ml).

Vrﬁ is the volume of the wine sample taken (ml).

7.2  Calculation of recovery estimates

(Cs - Ca) x Vs x 100
Recovery (%) =

S
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where:
C_ is the calculated mean lead concentration of the spiked wine sample (mg/l).
C._. is the calculated mean lead concentration of the unspiked wine (mg/l).
s is the volume of wine to which the spike is added (ml).
S is the amount of spike added (ug).

7.3  Calculation of recovery corrected results

Cw x 100
Corrected Pb concentration (mg/L) = ————-mmmmmmm

where:
C. is the calculated lead concentration of the wine sample (mg/l).
R a is the average in-batch recovery (%).
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ANNEX: VALIDATION STUDY
The following study was carried out to internationally agreed procedures (1)(2).

TABLE1 SAMPLE SCHEME

Sample Code Sample Description

5&9 Bordeaux (Sweet White)

3&11 Italian Chardonnay (White)

7&8 Spanish Red fortified at 260 pg/l

6 & 10 Romanian Pinot Noir

2&12 Romanian Pinot Noir fortified with 150 ug/I
1 Sample 3/11 fortified with 124 ug/l

4 Sample 3/11 fortified with 134 ug/Il
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TABLE Il  SUMMARY OF STATISTICAL PARAMETERS FOR
LEAD IN WINE COLLABORATIVE TRIAL (The results from one
laboratory were assessed as being inappropriate for inclusion in the

statistical analysis)

Sample A B C D E F F1
Code 5,9 3,11 7,8 6, 10 2,12 1 4
n 16 15* 16 16 16 16
n(-outl) | 16 15 14 16 15 16
Targ. 56 24 279 67 192 143 153
Mean 50.8 27.2 298 70.6 | 189 143 149
r 23 15 24 32| 51 38
Sy 8.1 5.3 8.7 11.8 18.2 13.6
RSDy 16 19 3 17 10 9
Hor 1.0 1.1 0.2 1.1 0.7 0.7
R 42 25 83 57 154 79
SR 15.1 8.8 29.8 20.3 55.2 28.2
RSDR 30 28 10 29 29 19
HoR 1.2 1.2 0.5 1.2 1.4 0.9
KEY TO TABLES I-II
N Initial number of laboratories

n(-outl) Number of laboratories after removal of outliers

™ Laboratory 17 reported <20 ug/l for test material 11. Their results
have not been included in the statistical analysis for this sample (B).

Mean  The observed mean, the mean obtained from the collaborative trial
data after removal of outliers.

Targ.  The mean observed value obtained "in-house™ using ICP-MS
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r Repeatability limit, the value below which the absolute difference
between 2 single test results obtained under repeatability conditions (i.e., same
sample, same operator, same apparatus, same laboratory, and short interval of
time) may be expected to lie within a specific probability (typically 95%) and
hence r = 2.8 X s;.

S The standard deviation of the repeatability.

RSD,  The relative standard deviation of the repeatability (Sr X
100/MEAN).

Ho The observed RSD_ divided by the RSDr value estimated from the
Horwitz equation using the assumption r=0.66R.

R Reproducibility limit, the value below which the absolute difference
between single test results obtained under reproducibility conditions (i.e., on
identical material obtained by operators in different laboratories, using the
standardised test method), may be expected to lie within a certain probability
(typically 95%); R = 2.8 X SR.

Sr The standard deviation of the reproducibility (between laboratory
variation).

RSDr  The relative standard deviation of the reproducibility (SR X
100/MEAN).

Hor The observed RSDR value divided by the RSDR value calculated
from the Horwitz equation.

RSDg = 2(1-0.5l09,,C)  (where C = concentration expressed as a
decimal)

HORRAT® values are:

For repeatability, the observed RSD, divided by the RSD; value estimated from
the Horwitz equation using the assumption r = 0.66R.

For reproducibility, the observed RSDR divided by the RSDR value estimated
from the Horwitz equation.

8. REFERENCES

8.1 Paul A. Brereton, Paul Robb, Christine M Sargent, Helen M. Crews and
Roger Wood. Determination of Lead in Wine by Graphite Furnace Atomic
Absorption Spectrometry: Interlaboratory Study. JAOAC Int., 1997, 80, No 6,
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1287-1297.

8.2  "Protocol for the Design, Conduct and Interpretation of Collaborative
Studies." Editor W Horwitz, Pure & Appl. Chem., Vol. 67, No., 2, pp.331-343,
1995

8.3  Horwitz W, Evaluation of Methods Used for Regulation of Foods and
Drugs, Analytical Chemistry, 1982, 57, 67A-76A.

8.4Peeler J T, Horwitz W and Albert R, Precision Parameters of Standard
Methods
of Analysis for Dairy Products, JAOAC, 1989, 72, No 5, 784-806.
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Annex

Absorbance vs. Time profiles for the measurement of lead in wine
using a Perkin-Elmer 3030 atomic absorbtion spectrometer
with deuterium arc background correction.
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EXAMPLE 2

DETERMINATION OF LEAD IN WINE BY ATOMIC
ABSORPTION SPECTROMETRY

1. FIELD OF APPLICATION :

This analysis method can be applied to all types of wine, given the maximum
limit set by the O.1.V.

2. REFERENCES:

2.1. Journal Officiel des Communautés Européennes (3 octobre 1990). Méthode
de dosage du plomb dans le vin (p. 152 et 153).

2.2. Teissedre P.L., Brun S., Médina B. (1992). Dosage du plomb dans les vins
/ Proposition de modifications a la méthode du Recueil. Feuillet Vert de
I’0.1.V., n°928, 1997/151292.

2.3. Moreira Balio da Silva M., Gaye J., Médina B. (1996). Comparaison de six
méthodes de dosage du plomb dans les vins par absorption atomique en four
graphite. Feuillet Vert de I’0O.1.V. n° 1013, 2310/190196.

2.4. Brereton P., Robb P., Sargent C., Crews H., Wood R. (1996). Validation of
a graphite furnace atomic absorption spectrometry method for the detection of
lead in wine. Feuillet Vert de ’O.1.V. n° 1016, 2913/230196.

2.5. Bourguignon J.B., Douet Ch., Gaye J., Médina B. (1997). Dosage du
plomb dans le vin / Interprétation des résultats de [’essai interlaboratoire.
Feuillet Vert 1055 de I’O.1.V. n® 2456/190397.

3. PRINCIPLE:

The wine will undergo no preparations, except dilution in the case of white
sweet wines.

Adding ammonium dihydrogeno-phosphate enables the lead contained in wine
to be stable at high temperatures, which leads to eliminating interferences — and
to acting in an identical manner to the standard solution.

The atomizer is a pyrolytic graphite equipped with a platform heated by the
Joule effect.

The wavelength of the ray used is 283.3 nanometres.

The non specific absorption correction can be done by the Zeeman effect or by
using a deuterium discharge lamp.
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The type of lead determination in wine is a direct dosage method with external
calibration.

4. REAGENTS

4.1. Demineralised water: ultra pure; with resistivity above 18 MQ/cm.

4.2. Nitric acid: 65 % ; «suprapur » quality acid.

4.3. Ammonium dihydrogeno-phosphate NH,H,PO, for analysis.

4.4. Lead standard solution: at 1000 pg/ml (or 1 g/l) in 2% nitric acid
(commercial solution, ready to use).

5. APPARTUS
5.1 Analytic balance (e = 1 mg).

5.2 Glass ware:

5.2.1 Volumetric flask 50, 100 ml (class A),

5.2.2 Volumetric pipette 1, 10 ml (class A),

5.2.3 Decontamination of glassware used: rinse in demineralised water; soak
at least 24 hours in a basin of 10% nitric acid; rinse two times in demineralised
water.

5.3 Atomic absorption spectrophotometer equipped with a graphite tube
atomizer for non-specific absorption correction and an auto-sampler (rinse the
sampler buckets with 10% nitric acid).

5.3.1. Pyrolytically coated graphite furnace containing an L'Vov platform
possibly tantalite (reference 9.1 — see below:

5.3.1.1 Tantalum solution: place 3 g of tantalum powder (metal tantalum with a
purity above 99.7%) in a 100 ml teflon cylindrical flask; add 10 ml of diluted
fluorhydric acid (1 + 1), 3 g of dehydrated oxalic acid and 0.5 ml of 30%
hydrogen peroxide solution; heat together carefully to dissolve metal; add
hydrogen peroxide when r reaction slows down. Add 4 g of dehydrated oxalic
acid and approximately 30 ml of demineralised water when completely
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dissolved. Dissolve acid. Fill the solution up to 50 ml. This solution is stored in
a plastic flask.

5.3.1.2 Tantalisation of a platform: the platform is placed inside the graphite
tube. These items are placed together on a spectrophotometer atomization unit.
10 pl tantalum solution is injected on a platform using an auto-sampler. The
temperature cycle is set according to the following program: drying at 150°C
for 40 s; mineralization at 900°C for 60 s; atomization at 2600°C for 2.5 s.
Argon is used as an inert gas.

6. PROCEDURE

6.1 Test portion: The neck of the wine bottle with a tinned lead capsule must
be carefully cleaned before uncorking.

6.2 Sample preparation: In general, no preparation of wine is necessary;
samples are placed directly in the automatic sampler buckets. Cloudy wine
needs to be filtered. To prolong the utilisation period of the platforms, sweet
white wines are diluted for sugar contents between 10 to 50 g/L, dilute by 1/2;
for contents above 50 g/l, dilute by 1/4.

6.3  Preparation of solutions:

6.3.1 White dilution:
The solution is used as an additional volume to be injected and is made up of
demineralised water containing 1 % nitric acid (4.2.).

6.3.2. Matrix modifying agent:
Into a 50 ml flask (5.2.1) introduce 3 g of ammonium dihydrogeno-phosphate
(4.3.); dissolve and fill with demineralised water (4.1.).

6.3.3. 10 mg/ of lead solution:

Into a 100 ml flask (5.2.1) place 1 ml of 1 g/l (4.4.) solution; add 1 % nitric acid
(4.2.); fill to volume with demineralised water (4.1.). This solution can be kept
one month at a temperature + 4°C.

6.3.4 100 pg/L lead solution:

Into a 100 ml flask (5.2.1) place 1 ml of 10 mg/l (6.3.3.) lead solution; fill to
volume with demineralised water (4.1.). This solution must be prepared every
analysis day.
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6.3.5 Calibration scale (for information purposes): 0 ; 16.7 ; 33.3 et 50 pg/I
(see Table II).

6.4 Calibration and determination:

6.4.1 Spectrometric measurement:

6.4.1.1 wavelength: 283.3 nm;
6.4.1.2 slot with: 0.5 nm;
6.4.1.3 hollow cathode lamp intensity: 5 mA ;

6.4.1.4 correction continum: by Zeeman or deuterium effect;

6.4.1.5 introduction of standards heated and samples in a graphite furnace
using an automatic sampler. The flushing liquid is made up of 500 ml of
demineralised water containing a drop of Triton X 100.

Note: in order to inject at 90°C on a platform, the furnace temperature should

be regulated to approximately 150°C.

6.4.1.6 signal measurement: peak height;

6.4.1.7 Duration of measurement: 3 seconds;

6.4.1.8 Number of measurements by standard or sample: 2

Note: the average of these two determinations constitutes the trial result. If the
variation coefficient for the two determinations is greater than 15 %, the two
other determinations must be re-done.

6.4.1.9. Furnace parameters (for information purpose): see Table I.

Table | — Furnace parameters

For determination of lead in wine

Temperature Duration Gas type Gas flow lecture du
(in °C) (in's) (in I/mn) signal
150 60 argon 3.0
750 10 argon 3.0
750 30 argon 3.0
750 2 argon 0
2400 1 argon 0 oui
2400 2 argon 0 oui
2400 2 argon 3.0
40 20 argon 3.0
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6.4.1.10. Automatic sampler parameters (for information purposes): see Table
I

Table 11 — Sampler parameters for the
dosage of lead in wine

volumes injected in pl

Analysis: sample Pb solution | "white" Matrix
modifier
100 pg/l dilution
Calibration blank | 0 0 5 1
Standard 1 0 1 4 1
Standard 2 0 2 3 1
Standard 3 0 3 2 1
Sample 2 0 3 1

6.4.2 Tracing of calibration curve: the automatic distributor cycle enables the
preparation of standards from 100 pg/l (Table I1) lead solutions. The calibration
graph is drawn up: absorbency according to lead concentration in micrograms
per litre.

7. EXPRESSION OF RESULTS

7.1 Concentration of lead in injected solution: This is obtained from
calibration curve (6.4.2.).

7.2 Concentration of lead in wine: This is calculated by multiplying by 3 the
result given in 7.1. (2 ul of solution injected for a final volume of 6 ul on the
platform). Take into account the possible dilution of wines (in the case of sweet
white wines).

7.3 Result: is expressed in milligrams of lead per liter of wine (mg/l), to two
digits.

8. INTER-LABORATORY TRIALS

A "double-blind" trial was carried out on 8 different wines obtained from
mixtures of Bordeaux wines: two red wines (R1 and R2), two rosé wines (Rol
and Ro2), two dry white wines (Bs1 and Bs2) and two sweet white wines (D1
and D2). Eleven Spanish, Portuguese, Moroccan and French laboratories
participated by determining lead in 16 samples received.
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8.1  Presentation of 8 wine samples:

Table I11: Characteristics of wine used in interlaboratory trials

Wine Type T.AV. Total Volatile Reducing
(% Vol.) acidity acidity sugar
(9/ H,SO4) | (9/1 H,SO,) (9/l)
R1 Red 11,86 4,43 1,57 1,2
R2 Red 12,54 3,77 0,34 15
Rol Rosé 12,23 5,30 0,44 1,2
Ro2 Rosé 11,43 4,88 0,45 1,1
Bsl Dry white 11,65 4,62 0,37 2,2
Bs2 Dry white 12,32 4,57 0,31 0,9
D1 Sweet 12,94 3,72 0,67 76,4
white
D2 Sweet 12,66 4,70 0,45 62,8
white
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8.2  Statistics of results:

Table 1V: Statistical analysis of inter-laboratory trial results

Wine sample R1 R2 | Rol [ Ro2 | Bsl | Bs2 | D1 | D2

Double-blind repetitions C&K|F&I|D&G|J&L|B&H|P&N|A&|[M&
E 0

Initial number

of laboratories 11 11 11 11 11 11 11 11

Number of laboratories
After elimination of large 11 10 11 11 10 10 11 10
variances

Average (ug/l) 44 162 28 145 52 138 | 60 | 145
Repeatability limit
r 18 12 7 17 6 13 28 7

Standard deviation of
repeatability
S, 6,4 43 2,5 6,1 2,1 4,6 10 | 25

Relative standard deviation
of reproducibility
RSDr (en %) 145 | 2,8 9,2 42 4,2 34 |165| 1,8

Horrat value(Ho,):

Observed RSDr / RSD, 0,6 0,1 0,3 0,2 0,2 02 |07 ] 01
Horwitz

Reproducibility limit

R 34 105 23 86 30 101 | 86 | 144

Standard deviation of
reproducibility
Sk 123 |375| 82 |308 | 10,7 | 359 |30,6 | 51,6

Relative standard deviation
of reproducibility

RSDr (en %) 28 | 231| 293 | 21,2 | 20,6 26 51 | 35,6
Horrat values (Hog):

Observed RSDgr / RSDg 11 11| 11 1 0,8 12 | 21| 17
Horwitz

Out of the 11 laboratories which participated in the trial, 7 declared that they
had followed the proposed method and 4 modified some of the parameters.
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9. METHOD PERFORMANCES AND QUALITY CONTROL

9.1 Detection limit: This is determined from a series of 20 blank analytical
repetitions and is equal to 3 standard deviations. In the case of the proposed
method a series of 20 blank analytical measurements resulted in: average = 1,29
pg/l ; standard deviation = 0,44 ug/l ; detection limit = 1,3 pg/l .

9.2  Limit of quantification: This is equal to 3 times the detection limit. In the
case of the proposed method, the limit of quantification is 4 pg/l (3 * 1,32 =
3,96).

9.3 Trueness: The confidence interval for the average of a series of results is
compared to the reference material data.

Three reference materials are used including: red wine, dry white wine, sweet

white wine for which lead concentrations are certified by the B.C.R. (Bureau
Communautaire de Référence) in 1992.

Table V. Trueness of the method

Red wine Dry white Sweet white
BCR E wine wine
BCRC BCR D
Lead Certified value 36,1449 65.1+09.1 1324 +32

concentration | (B.C.R. 1992)
Average value
(ng/l) (series: 10 results)

41,0+ 3,8 66,0+ 44 128,3 + 14,1

9.4  Control card

A control card can be drawn up for each reference material used. Control limits
are equal to: +/- 2 Sgintra (Sg intra: reproductibility standard deviation).
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Leadof BOR € e
80
7)0 1| Limits: +_ 222Fé=:23;5; t%llll ;/1?”
300 8 NPT B L
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20
15/12/986/06/989/04/9@8/12/9@9/10/98
Mean : 46.3 pg/l /1 date
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Method OIV-MA-AS323-01A Type IV method

Determination of arsenic in wine

by atomic absorption spectrometre
(Resolution Oeno 14/2002)

1. PRINCIPLE

After evaporating ethyl alcohol and reducing the arsenic V in arsenic Ill, wine
arsenic is measured by hydride generation and by atomic absorption
spectrometry.

2. EQUIPMENT
2.1. Glass ware:
2.1.1. Graduated flask 50, 100 ml (class A)
2.1.2. Graduated pipettes 1, 5, 10, 25 ml (class A)

2.2. Water bath at 100°C
2.3. Filters without ashes

2.4. Spectrophotometer :

2.4.1. Atomic absorption spectrophotometer

2.4.2. Instrumental parameters

2.4.2.1. Air-acetylene oxidising flame

2.4.2.2 Hollow cathode lamp (arsenic)

2.4.2.3. Wave length: 193.7 nm

2.4.2.4. Split width: 1.0 nm

2.4.2.5. Intensity of hollow cathode lamp: 7 mA

2.4.2.6. Correction of non-specified absorption with a deuterium
lamp

2.5. Accessories:

2.5.1. Hydride absorption cell, placed on an air-acetylene burner.
2.5.2. Vapour generator (liquid gas separator)

2.5.3. Neutral gas (argon)
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Hydride absorption cell
Placed on an air acetylene burner

—, T Optical path through hollow cathode lamp
Drying tube - Reaction Peristaltic
loop pump
Liquid gas m < Reference or sample
separator J ) ! L. <« Hydrochloric acid Sodium 10%
- . ¢ borohydride
Towards sink <
Flow controller j“ Neutral gas (argon)

Figure 1. Hydride generator.

3. REAGENTS

3.1. Ultra-pure demineralised water

3.2. Ultra-pure 65% nitric acid

3.3. Potassium iodide (K1)

3.4. 10% . Potassium iodide (m/v)

3.5. Concentrated hydrochloric acid (R)

3.6. 10% Hydrochloric acid (R)

3.7. Sodium borohydride (NaBH4)

3.8. Sodium hydroxide (NaOH)

3.9. 0.6% Sodium borohydride (containing sodium hydroxide: 0.5% (m/v))
3.10. Calcium Chloride CaCl2 (used as a drying agent)

3.11. 1 g/l Arsenic stock solution prepared in the following manner :
dissolve 1.5339 g of AS,0Os in demineralised water, adjust to 1 1.
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3.12. 10 mg/l Arsenic solution: place 1 ml of stock solution (3.11.) in a
100 ml flask (2.1.1.) ; add 1 % nitric acid (3.2.) ; fill up to volume with
demineralised water (3.1.).

3.13. 100 pg/l Arsenic solution: place 1 ml of 10 mg/l arsenic solution
(3.12)) in a 100 ml flask (2.1.1.) ; fill up to volume with demineralised
water (3.1.).

3.14. Set of callibration standards: 0, 5, 10, 25 ug/I

Successively place 0, 5, 10, 25 ml of 100 pg/l arsenic solution (3.13.) in 4
100 ml flasks (2.1.1.) ; add 10 ml of 10% potassium iodide to each flask
(3.4.) and 10 ml of concentrated hydrochloric acid (3.5.) ; leave for 1 hour,
fill up to 100 ml with demineralised water.

4. SAMPLE PREPARATION

25 ml of water is evaporated over a 100 °C water bath. This is then brought to 50
ml in the presence of 5 ml of 10% potassium iodide and 5 ml of concentrated
hydrochloric acid; leave for 1 hour; filter on an ashless filter.

Make a blank reference sample.

5. DETERMINATION

The peristaltic pump sucks in the borohydride solution, the 10% hydrochloric acid
solution and the sample solution.

Present the calibration standards in succession (3.14.); take an absorbency reading
for 10 seconds; take two readings; the operating software establishes a calibration
curve (absorbency according to concentration of arsenic in pg/l).

Then present the samples (4) ; the software establishes the sample’s arsenic
concentration in pg/l; deduct the arsenic concentration in the wine in pg/l taking
into account that the solution be diluted by 1/2 .

6. QUALITY CONTROL

Quality control is assured by placing a control sample of internal quality (*) in a
regular manner in 5 samples, or after the set of calibration solutions, or in the
middle of a series or at the end the measurement.

Two deviation types are accepted compared to known value.

(*) Samples from the Bureau Communautaire de Référence (Community Bureau of
reference): red wine, dry white wine and sweet white wine.
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Method OIV-MA-AS323-01B Type IV method

Arsenic
(Resolution Oeno 377/2009)

1. Principle

After mineralization, using sulfuric and nitric acids, arsenic V is reduced to
arsenic 11l by means of potassium iodide in hydrochloric acid and the arsenic
is transformed into arsenic 111 hydride (H3As) using sodium borohydride. The
arsenic 11l hydride formed is carried by nitrogen gas and determined by
flameless atomic absorption spectrophotometry at high temperature.

2. Method

2.1

2.2

Apparatus
2.1.1 Kjeldahl flask (borosilicate glass)

2.1.2 Atomic absorption spectrophotometer equipped with arsenic hollow
cathode lamp, hydride generator, background corrector and a chart recorder.
The hydride generator includes a reaction flask (which can eventually be put
onto a magnetic stirrer) connected by a tube to a nitrogen gas supply (flow
rate: 11 L/min) and by a second tube, to a quartz cell which can be brought to
a temperature of 900 OC. The reaction flask also has an opening for the
introduction of the reagent (borohydride).

Reagents

All reagents must be of recognized analytically pure quality, and in particular
free of arsenic. Double distilled water prepared using a borosilicate glass
flask or water of similar purity should be used.

2.2.1 Sulfuric acid (p2o = 1.84 g/mL) arsenic free

2.2.2 Nitric acid (p2o = 1.38 g/mL) arsenic free

2.2.3 Hydrochloric acid (p2o = 1.19 g/mL), arsenic free
2.2.4 10% (m/v) Potassium iodide solution

2.2.5 2.5% (m/v) Sodium borohydride solution obtained by dissolving 2.5 g of
sodium borohydride in 100 mL of 4 % (m/v) of sodium hydroxide solution.
This solution must be prepared at the time of use.

2.2.6 Arsenic reference solution 1 g/L. Use of a commercial standard arsenic
solution is preferred.
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2.3

2.4

Alternatively this solution can be prepared in a 1000 mL volumetric flask, by
dissolving 1.320 g of arsenic Il trioxide AspO3 in a minimal volume of 20 %
(m/v) sodium hydroxide. The solution is then acidified with hydrochloric
acid, diluted 1/2, and made up to 1 liter with water.

Procedure
2.3.1 Mineralization

Place 20 mL of wine in a Kjeldahl flask, boil and reduce the volume by half to
eliminate alcohol. Allow to cool. Add 5 mL sulfuric acid, and slowly add 5
mL nitric acid and heat. As soon as the liquid turns brown, add just enough
nitric acid, dropwise, to lighten the liquid while simmering. Continue until
the color clears and white sulfur trioxide fumes are formed above the solution.

Allow to cool, add 10 mL distilled water, bring back to the boil and simmer
until nitrous oxide and sulfur trioxide fumes are no longer produced. Allow to
cool and repeat the operation.

Allow to cool and dilute the sulfuric acid residue with a few milliliters of
distilled water. Quantitatively transfer the solution into a 40 mL flask, and
rinse the flask with water, combine with the diluted residue and make up to
the mark with distilled water.

2.3.2 Determination
2.3.2.1 Preparation of the solution

Place 10 mL of the mineralization solution (2.3.1) into the hydride generator
reactor flask. Add 10 mL hydrochloric acid, 1.5 mL potassium iodide solution,
then switch on the magnetic stirrer and the nitrogen gas (flow rate: 11
L/minute). After 10 sec, add 5 mL of sodium borohydride solution. The
hydride vapor obtained is immediately carried to the measurement cell (at a
temperature of 900°C) by nitrogen carrier gas, where dissociation of the
compound and arsenic atomization occurs.

2.3.2.2 Preparation of standard solutions

From the arsenic reference solution (2.2.6), prepare dilutions having
concentrations of 1, 2, 3, 4 and 5 micrograms of arsenic per liter respectively.
Place 10 mL of each of the prepared solutions into the reactor flask of the
hydride generator and analyze according to 2.3.2.1.

2.3.2.3 Measurements

Select an absorption wavelength of 193.7 nm. Zero the spectrophotometer
using double distilled water and carry out all determinations in duplicate.
Record the absorbance of each sample and standard solution. Calculate the
average absorbance for each of these solutions.

Expression of results
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2.4.1 Calculation

Plot the curve showing the variation in absorbance as a function of the arsenic
concentration in the standard solutions. The relationship is linear. Note the
average absorbance of the sample solutions on the graph and read the arsenic
concentration C.

The arsenic concentration in wine, expressed in micrograms per liter is given
by: 2C.

BIBLIOGRAPHY
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Method O1V-MA-AS323-01C

Arsenic
(Resolution Oeno 377/2009)

1. Principle

After mineralization using sulfuric and nitric acids, arsenic V is reduced to
arsenic Il using tin Il chloride. The arsenic is then converted into arsenic 111
hydride by the action of the hydrogen produced. Arsenic Ill hydride is
detected by reaction with mercury Il bromide (limit sample).

WITHDRAWN
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Method OIV-MA-AS323-02A Type Il method

Quantification of total nitrogen according

to the Dumas method

(Musts and Wines)
(Resolution Oeno 13/2002)

1 - FIELD OF APPLICATION
This method can be applied to the analysis of total nitrogen in musts and
wine within the range of 0 to 12000 mg/I.

2 - DESCRIPTION OF THE TECHNIQUE
2.1 - Principle of the Dumas method
The analysis of total nitrogen in an organic matrix can be carried out using
the Dumas method (1831). This involves a total combustion of the matrix
under oxygen. The gases produced are reduced by copper and then dried,
while the CO, is trapped. The nitrogen is then quantified using a universal
detector.

2.2 - Principle of the analysis (Figure n° 1)

- Injection of the sample and oxygen in the combustion tube at 940°C (1) ;

- « Flash » Combustion (2) ;

- The combustion of the gathering ring (3) brings the temperature

temporarily up to  1800°C ;

- Complementary oxidation and halogen trappings on silver cobalt and

granular chromium sesquioxide (4) ;

- Reduction of nitrogen oxides in N, and trapping sulphur components and
excess oxygen by copper at 700°C (5) ;

- Gases in helium include: N,, CO, and H,O (6) ;

- Trapping unmeasured elements: H,O using anhydrone (granular anhydrous

magnesium perchlorate) (7) and CO, by ascarite (sodium hydroxide on silica)

®);

- Chromatography separation of nitrogen and methane possibly present

following very large trial uptake (9) ;

- Catharometer detection (10) ;

- Signal gathering and data processing (11).
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Figure 1 : Diagram of analysis principle

3 —Reagents and preparation of reactive solutions

3.1 - Nitrogen (technical quality) ;
3.2 - Helium (purity 99.99994%) ;
3.3 — Chromium oxide (chromium sesquioxide me in granules) ;
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3.4 — Cobalt Oxide (silver granule cobalto-cobaltic oxide ) ;
3.5 — Quartz wool ;

3.6 - Copper (reduced copper in strings) ;

3.7 - Ascarite (sodium hydroxide on silica) ;

3.8 - Anhydrone (granular anhydrous magnesium perchlorate) ;
3.9 - Oxygen (purity 99.995%) ;

3.10 - Atropine ;

3.11 — Glumatic-hydric chloride acid;

3.12 — Demineralised water;

3.13 - Tin boat.

4 - Apparatus

4.1 - Centrifuge with 25 ml pots;
4.2 — Nitrogen analyser;

4.3 — Metallic crucible;

4.4 - Quartz reaction tube (2) ;

4.5 — Precision balance between 0.5 mgand 30 gat + 0.3 mg ;
4.6 — Boat carrier;

4.7.- Furnace;

4.8 — Apparatus for folding boats;

4.9 — Sample changer;

4.10 — Computer and printer.

5-SAMPLING
Degas by nitrogen bubbling (3.1) for 5 to 10 mn, sparkling wine. The musts
are centrifuged (4.1) for 10 mn at 10°C, at 4200 g.

6 — OPERATING INSTRUCTIONS
- Open the apparatus programme (4.2 and 4.10) ;
- Put the heating on the apparatus (4.2).

6.1 — Principle analytical parameters
Nitrogen analyser (4.2) under the following conditions:
«gas carrier: helium (3.2) ;
.metallic crucible (4.3) to be emptied every 80 analyses ;
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.0xidation tube (4.4), heated to 940° C, containing chromium oxide (3.3) and
cobalt oxide(3.4) held back by quartz wool (3.5). The tube and reagent
set must be changed every 4000 analyses ;

« reduction tube (4.4), heated to 700° C, containing copper (3.6) held
back by the quartz wool (3.5). The copper is changed every 450
analyses;

« absorption tube, containing 2/3 of ascarite (3.7) and 1/3 anhydrone
(3.8). the ascarite which is taken in block is eliminated and replaced
every 200 analyses. The absorbers are completely changed once a
year.

« The more organic matter to be burned, the more oxygen is needed:
the oxygen sampling valve (3.9) is 15 seconds for musts and 5
seconds for wine.

NOTE : The metals are recuperated and sent to a centre for
destruction or specialised recycling.

6.2 - Preparation of standard scale
Prepare two samples of atropine (3.10) between 4 to 6 mg. Weigh
them (4.5) directly with the boat. The calibration scale goes through 3
points (origin = empty boat).

6.3 — Preparation of internal standards
Internal standards are used regularly in the beginning and in the middle of
analyses.
e Internal checks are carried out using glumatic acid in the form of
hydrochloride at 600 mg N/I in demineralised water (3.12).

Molar mass of glumatic acid = 183.59
Molar mass of nitrogen = 14.007

18359 x 0.6
14007 =7.864 g/l

e Weigh (4.5) 7.864 g of glumatic acid (3.11) and dilute in
demineralised water (3.12) gsp/l, to obtain a 600 mg N/I solution.
This solution is diluted by 50% to obtain a 300 mg N/I solution,
which is diluted by 50% again to obtain 150 mg/l solution.
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6.4 - Preparation of samples:

6.4.1 — In a boat (3.13), weigh (to the nearest 0.01 mg) 20 pl of must or
200 ul of wine with a precision balance (4.5). Repeat this
procedure three times per sample;

6.4.2 — Write down the mass

6.4.3 — Place the boats progressively in the boat carrier (4.6) ;

6.4.4 — Place the boats in the furnace (4.7) set at ~ 60° C, until the
liquid has completely evaporated (this requires at least one
hour) ;

6.4.5 — Fold and crush the boats with an appropriate apparatus (4.8), put
them in the changer (4.9) in number order.

7 - EXPRESSION OF RESULTS
Results are expressed in g/l to the fourth decimal.

8 - CHECKING RESULTS
Splicing by mass, temperature, and volume.

9- PERFORMANCE CHARACTERISTICS OF THE METHOD

Number of - —
laboratories | *\Verage contents Repeatability Reproductibility
1 591 mg/l 43 mgl/l 43 mgll

10 - BIBLIOGRAPHY

Dumas A. (1826) : Annales de chimie, 33,342.

Buckee G.K. (1994) : Determination of total nitrogen in Barley, Malt and Beer
by Kjeldahl procedures and the Dumas combustion method. Collaborative
trial. J. Inst. Brew., 100, 57-64.
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Method OIV-MA-AS323-02B Type IV method

Total Nitrogen
(Resolution Oeno 377/2009)

1. Principle
The sample is wet ashed using sulfuric acid in the presence of a catalyst. The
ammonia liberated by sodium hydroxide is determined titrimetrically.

2. Apparatus

2.1 Digestion apparatus
300 mL Kjeldahl flask. Place on a metal heating mantle. Appropriate stand to
hold this apparatus, the neck bent at 45 degrees.

2.2 Distillation apparatus

1 liter round bottomed flask, fitted with a small rectifying column 30 cm long
by 2.5 cm diameter or any other equivalent apparatus. The vapor emitted from
the end of this apparatus enters into the top part of the cylindrical condenser,
held vertically, of 30 cm length and 1 cm internal diameter. The condensed
liquid is brought to the receiving conical flask by a drawn-out tube placed at
the bottom — alternatively one can use a steam distillation apparatus such as
described in Volatile Acidity, or any other apparatus relating to the test
described in paragraph "Blank tests or sample tests".

3. Reagents
3.1 Sulfuric acid free of ammonia (p2o = 1.83 - 1.84g/mL)
3.2 Benzoic acid

3.3 Catalyst:
Copper sulfate, CUSO4, ... 10g
Potassium sulfate, KoSOu, w..ooovvvcoooovoeivcccieeeeccce 100 g

3.4 30%Sodium hydroxide solution. Sodium hydroxide (p2o =1.33 g/mL) diluted
30% (m/m).

3.5 0.1 M Hydrochloric acid solution

3.6 Indicator:
Methylred ... 100 mg
Methylene bIUe ... 50 mg
Ethanol (50%0) ... 100 mL

3.7 Boric acid solution:
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BOKIC ACIA .....oooooooooeeee e 409
Water to ... 1000 mL

This solution will become pink by adding 5 drops of methyl red and 0.1 mL or
more 0.1 M hydrochloric acid solution.
3.8 Ammonium sulfate solution:
Ammonium sulfate (NHg) 2SOy .....ocvccvevveveveeev.. 6.608 @
WaRLEN 10 e 1000 mL
3.9 Tryptophan, Ci11H;202N,, (this substance contains in theory 13.72 g of
nitrogen per 100 g)

4. Procedure

Place in the 300 mL Kjeldahl flask (2.1), 25 mL of wine, 2 g benzoic acid (3.2)
and 10 mL sulfuric acid (3.1). Add 2 to 3 g of catalyst. With the flask placed on a
metal disc mantle (2.1) and with the neck inclined at 45 degrees, heat until a clear
color is obtained. Then heat for another 3 minutes.

After cooling, carefully transfer the contents of the Kjeldahl flask to a 1 liter round
bottomed flask containing 30 mL water. Rinse the Kjeldahl flask several times
with water and add washings to the round-bottomed flask. Cool the flask; add 1
drop of 1% phenolphthalein solution and a sufficient quantity of 30% sodium
hydroxide solution (3.4) to ensure the solution is alkaline (40 mL approximately)
making sure to cool the flask constantly during this addition. Distil 200 - 250 mL
into a flask containing 30 mL of 40 g/L boric acid solution.

Titrate the distilled ammonia in the presence of 5 drops of indicator (3.6) using 0.1
M hydrochloric acid solution.

Note: A control trainer by vapor can be used as described in the Chapter on
volatile acidity to obtain a quick ammonia distillation. In this case, successively
place 40 to 45 ml of 30% sodium hydroxide liquor and 50 to 60 ml of previously
diluted for 10 minutes contents of the Kjeldahl flask before introducing into the
mixer.

5. Calculation
The total nitrogen, in g/L, contained in the wine is given by: 0.56 x n where n is
the volume of 0.1 M hydrochloric acid.

6. Blank tests and sample tests

All distillation apparatus used to determine ammonia must satisfy the following tests:

a) Place in a distillation flask 40 - 45 mL of sodium hydroxide solution, 50 mL
water, 2 g benzoic acid, 5 g potassium sulfate and 10 mL sulfuric acid diluted
to 50 mL. Distil 200 mL and collect the distillate in 30 mL of 40 g/L boric acid
solution, to which 5 drops of indicator (3.6) are added. A change of color of
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the indicator must be obtained by adding 0.1 mL of 0.1 M hydrochloric acid
solution.

b) Under similar conditions distill 10 mL of 0.1 M ammonium sulfate solution. In
this case, between 10.0 and 10.1 mL of 0.1 M hydrochloric acid solution, must
be used to change the color of the indicator.

¢) The complete method (wet ashing and distillation) is checked using 200 mg
tryptophan as the initial sample. Between 19.5 to 19.7 mL of 0.1 M
hydrochloric acid must be used to obtain the change of color.
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Method OIV-MA-AS323-03 Type IV method

Boron
Rapid Colorimetric Method

1. Principle

The alcohol content of the wine is removed by reducing the volume by half by
rotary evaporation. The wine is then passed through a column of
polyvinylpolypyrrolidone, which retains the coloring agents. The eluate is
collected quantitatively and the boron concentration determined by complexation
with azomethine H at pH 5.2 followed by spectroscopic analysis at 420 nm.

2. Apparatus

2.1. Rotary evaporator

2.2. Spectrophotometer capable of measuring absorbance wavelengths between
300 and 700 nm

2.3. Cells of 1 cm optical path

2.4. Glass column of 1 cm internal diameter and 15 cm in length containing an
8 cm layer of polyvinylpolypyrrolidone.

3. Reagents

3.1.Azomethin H (4-hydroxy-5-(2-hydroxybenzylideneamino)-
2,7-napthalenedisulfonic acid)

3.2. Azomethin H solution
Place 1 g of azomethin H and 2 g of ascorbic acid in a 100 mL volumetric
flask and add 50 mL double distilled water. Warm slightly to dissolve and
make up to the mark with double distilled water. The reagent is stable for
2 days if kept cold.

3.3. Buffer solution pH 5.2
Dissolve 3g of EDTA (disodium salt of ethylenediaminetetraacetic acid) in
150 mL of double distilled water. Add 125 mL acetic acid (p2o = 1.05 g/mL)
and 250 g of ammonium acetate, NH4CH3CQOO, and dissolve. Check the pH
with a pH meter and adjust if necessary to pH 5.2.
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3.4. Boron stock standard solution, 100 mg/L
Use of a commercial standard solution is preferable. Alternatively this
solution can be prepared by dissolving 0.571 g of boric acid, H3BO3, dried
beforehand at 50 OC until constant weight, in 500 mL double distilled water
and made up to 1 liter.

3.5. Boron standard solution, 1 mg/L
Dilute the stock solution, 100 mg/L (3.4) 1/100 with double distilled water.
3.6. Polyvinylpolypyrrolidone or PVPP (see International Enological Codex)

4. Procedure
Eliminate alcohol from 50 mL of wine by concentration to half the original volume
in a rotary evaporator at 40°C and make up to 50 mL with double distilled water.
Take 5 mL of this solution and pass it through the PVPP column (2.4). The
coloring agents are completely retained. Collect the eluate and the rinsing waters
from the column and place in a 50 mL volumetric flask and make up to the mark
with water.
The colorimetric determination is performed in a volume of 5 mL of eluent placed
in a 25 mL volumetric flask; dilute to approximately 15 mL with double distilled
water and add the following (stirring after each addition):

5 mL of azomethin H solution (3.2)

4 mL of pH 5.2 buffer solution (3.3)
Make up to 25 mL with double distilled water.

Wait 30 min and determine the absorbance Ag, at 420 nm. The zero of the
absorbance scale is set using distilled water.

Use a blank consisting of 5 mL of azomethin H solution and 4 mL of pH 5.2 buffer
solution in 25 mL of double distilled water. Wait 30 min and read the absorbance
Ap under the same conditions. The absorbance must be between 0.20 and 0.24; a
higher absorbance demonstrates boron contamination in the water or the reagents.

Preparation of the calibration curve

In 25 mL volumetric flasks, place 1 to 10 g of boron, corresponding to 1 to 10 mL
of boron standard solution 1 mg/L (3.5) and continue as indicated in 4.0. The
calibration graph representing the net absorbance (As-Ap) in relation to the
concentration is a straight line passing through the origin.

Where: A = absorbance of sample
Ay = absorbance of blank
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5. Calculations

The pg of boron contained in 5 mL of eluate, (corresponding to 0.5 mL of wine)
obtained from interpolating the net absorbance values of (Ag - Ap) on the
calibration graph is E. The content, B, in milligrams of boron per liter is given by:

- E
B mg/L = 05

BIBLIOGRAPHY
WOLF B., Soil Science and Plant Analysis, 1971, 2(5), 363-374 et 1974, 5(1), 39-44.
CHARLOT C.and BRUN S,, F.V., O.1.V., 1983, n0771.
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Method OIV-MA-AS323-04A Type Il method

Sulfur dioxide
(Resolution Oeno 377/2009)

1. Definitions
Free sulfur dioxide is defined as the sulfur dioxide present in the must or wine in
the following forms: H,SO3, HSO3, whose equilibrium as a function of pH and

temperature is:
H,SO; +=——= H* + HSO;

H,SO3 represents molecular sulfur dioxide.

Total sulfur dioxide is defined as the total of all the various forms of sulfur dioxide
present in the wine, either in the free state or combined with their constituents.

2. Free and Total Sulfur Dioxide

2.1 Principle
Free sulfur dioxide is carried over by a stream of air or nitrogen and is fixed
and oxidized by bubbling through a dilute and neutral solution of hydrogen
peroxide. The sulfuric acid formed is determined by titration with a standard
solution of sodium hydroxide. Free sulfur dioxide is purged from the wine by
entrainment at low temperature (10 °C).
Total sulfur dioxide is purged from the wine by entrainment at high
temperature (approximately 100 °C).

2.2 Method

2.2.1 Apparatus

The apparatus to be used should conform to the diagram overleaf, especially
with regard to the condenser (see Fig 1).

The gas supply tube to the bubbler B ends in a small sphere of 1 cm diameter
with 20 holes 0.2 mm in diameter around its largest horizontal circumference.
Alternatively, this tube may end in a sintered glass plate that produces a large
number of very small bubbles and thus ensures good contact between the
liquid and gaseous phases.

The gas flow through the apparatus should be approximately 40 L/h. The bottle
situated on the right of the apparatus is intended to restrict the pressure
reduction produced by the water pump to 20 — 30 cm water. In order to
regulate the flow rate, a flow meter with a semi-capillary tube should be
installed between the bubbler and the bottle.
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FIGURE 1. The dimensions are given in millimeters. The internal diameters of the
4 concentric tubes making up the condenser are: 45, 34, 27 and 10 mm.

2.2.2 Reagents

2.2.2.1 Phosphoric acid: phosphoric acid 85% (p2 =1.71 g/mL), diluted to 25%
2.2.2.2 Hydrogen peroxide solution, 9.1 g H,0,/L (3 volumes)

2.2.2.3 Indicator reagent:

Methyl Red ... 100 Mg
Methylene BIUe ... 50 MG
Ethanol 50% (V/V) ..o 100 ML

2.2.2.4 0.01 M Sodium hydroxide solutio
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2.2.3 Determination of free sulfur dioxide content.
The wine must be maintained at 20°C in a full and stoppered flask for 2 days
before determination.

2.2.3.1 Procedure

- Place 50 mL of the sample and 15 mL of phosphoric acid into the 250 mL
flask (A) of the entrainment apparatus. Connect the flask into the apparatus.

- In the bubbler (B), place 2 or 3 mL of hydrogen peroxide solution, two drops
of the indicator reagent and neutralize the hydrogen peroxide solution with
the 0.01 M sodium hydroxide solution. Connect the bubbler to the
apparatus.

Bubble air (or nitrogen) through the apparatus for 15 minutes. Free sulfur

dioxide carried over is oxidized to sulfuric acid. Remove the bubbler from the

apparatus and titrate the acid which has formed with the 0.01 M sodium

hydroxide solution.

Let n mL be the volume used.

2.2.3.2 Expression of results
The liberated sulfur dioxide is expressed in mg/L to the nearest whole number.
2.2.3.2.1 Calculation

If n is the number of mL of 0.01 M sodium hydroxide solution, used, the
amount of free sulfur dioxide in milligrams per liter is given by: 6.4 n

2.2.4 Determination of total sulfur dioxide content.

2.2.4.1 Procedure

o Samples having a SO, content <50 mg/L of total SO,:

Place 50 mL of the sample and 15 mL of phosphoric acid (2.2.2.1) into the 250
mL round-bottom vacuum flask (A). Connect the flask to the apparatus.
Remark: In the case of must, proceed with the method of operation described
in the 1978 edition of the Compendium (see page 367).

o Samples with a content > 50 mg/L of total SO5:

Place 20 mL of the sample and 5 mL phosphoric 85% acid into the 250 mL
round-bottom vacuum flask A. Connect the flask to the apparatus.

Place in the bubbler B, 2 or 3 mL of the hydrogen peroxide solution,
neutralized as before, and bring the wine in the flask A to a boil using a small
flame of 4 or 5 cm height which should directly touch the bottom of the flask.
Do not place the flask on a metal cloth, but on a mantle with a hole 30 mm in
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diameter in it. This is to avoid overheating substances extracted from the wine
that are deposited on the walls of the flask.

Maintain boiling while passing a current of air (or nitrogen). Within 15
minutes the total sulfur dioxide is carried over and oxidized. Determine the
sulfuric acid formed by titration with 0.01 M sodium hydroxide solution.

Let n be the volume used.

2.2.4.2 Expression of results.

2.2.4.2.1 Calculation
Total sulfur dioxide in milligrams per liter:

- Samples low in sulfur dioxide (50 mL test sample): 6.4 - n
- Other samples (20 mL test sample): 16 - n

2.2.4.3 Repeatability (r):
(<50 mg/L) 50 mL test sample, r=1mg/L
(> 50 mg/L) 20 mL test sample, r =6 mg/L

2.2.4.4 Reproducibility (R):
(< 50 mg/L) 50 mL test sample, R= 9mg/L
(> 50 mg/L) 20 mL test sample, R =15 mg/L

BIBLIOGRAPHY
Reference method
PAUL F., Mitt. Klosterneuburg, Rebe u. Wein, 1958, ser. A, 821.
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Method OIV-MA-AS323-04B Type IV method

Sulfur dioxide
(Resolution Oeno 377/2009)

1. Definitions
Free sulfur dioxide is defined as the sulfur dioxide present in the must or wine in
the following forms: H,SO3, HSO3, whose equilibrium as a function of pH and
temperature is:

H,SO3 +=——= H* + HSO;
H,SO3 represents molecular sulfur dioxide.

Total sulfur dioxide is defined as the total of all the various forms of sulfur dioxide
present in the wine, either in the free state or combined with their constituents.

2. Free and Total Sulfur Dioxide

2.1 Principle
Free sulfur dioxide is determined by direct titration with iodine. The combined
sulfur dioxide is subsequently determined by iodometric titration after alkaline
hydrolysis. When added to the free sulfur dioxide, it gives the total sulfur
dioxide.

2.2 Rapid Method
2.2.1 Reagents
2.2.1.1 EDTA: ethylenediaminetetraacetic acid, di-sodium salt
2.2.1.2 4 M Sodium hydroxide solution (160 g/L).
2.2.1.3 Dilute sulfuric acid: 10% sulfuric acid (ppg = 1.84 g/mL) diluted 10%
(V/v).
2.2.1.4 Starch solution, 5 g/L.

Mix 5 g starch with approx. 500 mL water. Bring to a boil stirring
continuously and keep boiling for 10 minutes. Add 200 g of sodium chloride.
Cool and make to 1 liter.

2.2.1.5 0.025 M lodine solution

2.2.2 Free sulfur dioxide
Place in a 500 mL conical flask place:
- 50 mL of wine
- 5 mL starch solution
- 30 mg EDTA
- 3mL HyS04
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Immediately titrate with 0.025 M iodine, until the blue color persists clearly
for 10 to 15 seconds. Let n mL be the volume of iodine used.

2.2.3 Combined sulfur dioxide

Add 8 mL of 4 M sodium hydroxide solution, shake the mixture once and
allow to stand for 5 minutes. Add, with vigorous stirring and in one operation,
the contents of a small beaker in which 10 mL of sulfuric acid have been
placed. Titrate immediately with the 0.025 M iodine solution; let n' be the
volume used.

Add 20 mL of sodium hydroxide solution, shake once and allow to stand for
5 minutes. Dilute with 200 mL of ice-cold water.

Add, while stirring vigorously and in one operation, the contents of a test tube
in which 30 mL sulfuric acid has previously been placed. Titrate the free
sulfur dioxide immediately with the 0.025 M iodine, and let n" be the volume
of iodine used.

2.2.4 Expression of the results

2.2.4.1 Calculation
Free sulfur dioxide in milligrams per liter is given by:
32-n
Total sulfur dioxide in milligrams per liter is given by:
32 (n+n+n"

Remarks:

1. For red wines with low SO, concentrations, the 0.025 M iodine may be
diluted (for example: 0.01 M). In this case, replace the coefficient 32 by
12.8 in the above formula.

2. For red wines, it is useful to illuminate the wine from below with a beam of
yellow light from an ordinary electric light bulb shining through a solution
of potassium chromate or from a sodium vapor lamp. The determination
should be carried out in a dark room and the transparency of the wine
observed: it becomes opaque when the starch endpoint is reached.

3. If the quantity of sulfur dioxide found is close to or exceeds the legal limit,
the total sulfur dioxide should be determined with the reference method.

4. If the determination of free sulfur dioxide is specifically required, carry out
a determination on a sample kept under anaerobic conditions for two days at
20 °C before analysis. Carry out the determination at 20 °C.

5. Because certain substances are oxidized by iodine in an acid medium, the
guantity of iodine used in this way must be assessed for more accurate
determinations. To achieve this, combine the free sulfur dioxide in an
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excess of ethanal or propanal before beginning the titration with iodine.
Place 50 mL of wine into a 300 mL conical flask, add 5 mL of 7 g/L ethanol
solution or 5 mL of a 10 g/L propanal solution.

Stopper the flask and allow to stand for at least 30 minutes. Add 3 mL of
sulfuric acid and sufficient iodine, 0.025 M, to cause the starch to change
color. Let n" mL be the volume of iodine used. This must be subtracted
from n (free sulfur dioxide), and from n + n' + n" (total sulfur dioxide).

n" is generally small, from 0.2 to 0.3 mL of 0.025 M iodine. If ascorbic acid
has been added to the wine, n" will be much higher and it is possible, at
least approximately, to measure the amount of this substance from the value
of n™ given that 1 mL of 0.025 M iodine will oxidize 4.4 mg ascorbic acid.
By determining n", it is possible to detect quite easily the presence of
residual ascorbic acid in amounts greater than 20 mg/L, in wines to which it
has been added.

BIBLIOGRAPHY

Rapid method:

RIPPER M., J. Prakt. Chem., 1892, 46, 428.

JAULMES, P., DIEUZEIDE J.-C., Ann. Fals. Fraudes, 1954, 46, 9; Bull.
0.1.V., 1953, 26, n° 274, 52.

KIELHOFER E., AUMANN H., Mitt. Klosterneuburg, Rebe u. Wein, 1957, 7, 289.
JAULMES P., HAMELLE MM G., Ann. Fals. Exp. Chim., 1961, 54, 338
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Method OIV-MA-AS323-04C Type IV method

Sulfur dioxide
(Resolution Oeno 377/2009)

1. Definitions
Free sulfur dioxide is defined as the sulfur dioxide present in the must or wine in

the following forms: H,SO3, HSO3, whose equilibrium as a function of pH and
temperature is:

H,SO; «— HY + HSO3
H,SO3 represents molecular sulfur dioxide.

Total sulfur dioxide is defined as the total of all the various forms of sulfur dioxide
present in the wine, either in the free state or combined with their constituents.

2 Molecular Sulfur Dioxide
2.1 Principle of the Method

The percentage of molecular sulfur dioxide, H,SO3, in free sulfur dioxide, is
calculated as a function of pH, alcoholic strength and temperature.
For a given temperature and the alcoholic strength:

HzSOg 44— H+ + HSO3

— L
[HZSO3] - 10(pH — pkM) 1 (1)

where
L = [H,SOs] + [HSO3]

AV
ka =k = ———
pM pT |+B\/T

| = ionic strength
A & B= Coefficients which vary according to temperature and alcoholic strength.

kt = Thermodynamic dissociation constant; the value of pkr is given in Table 1
for various alcoholic strengths and temperatures.
km = Mixed dissociation constant

Taking a mean value 0.038 for the ionic strength I, Table 2 gives the values of
pkw for various temperatures and alcoholic strengths.
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The molecular sulfur dioxide content calculated by the relationship given in (1)
is presented in Table 3 for various values of pH, temperature and alcoholic
strength.

2.2 Calculations
Knowing the pH of wine and its alcoholic strength, the percentage of
molecular sulfur dioxide is given in Table 3 for a temperature t °C. Let this be
X %.
The amount of molecular sulfur dioxide in mg/L is given by: X - C
C = the free sulfur dioxide in mg/L

Table |

Values of the thermodynamic constant pkt

Alcohol Temperature °C
% by volume 20 25 30 35 40
0 1.798 2.000 2.219 2.334 2.493
5 1.897 2.098 2.299 2.397 2.527
10 1.997 2.198 2.394 2.488 2.606
15 2.099 2.301 2.503 2.607 2.728
20 2.203 2.406 2.628 2.754 2.895
Table 11
Values of the Mixed Dissociation Constant pky (1= 0.038)
Alcohol Temperature °C
% by volume 20 25 30 35 40
0 1.723 1.925 2.143 2.257 2.416
5 1.819 2.020 2.220 2.317 2.446
10 1.916 2.116 2.311 2.405 2.522
15 2.014 2.216 2417 2.520 2.640
20 2.114 2.317 2.538 2.663 2.803
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Table I
Molecular Sulfur Dioxide as a Percentage of Free Sulfur Dioxide (1=0.038)
T=20°C
H Alcohol % by volume
P 0 10 15 20
2.8 7.73 9.46 11.55 14.07 17.09
2.9 6.24 7.66 9.40 11.51 14.07
3.0 5.02 6.18 7.61 9.36 11.51
3.1 4.03 4.98 6.14 7.58 9.36
3.2 3.22 3.99 4.94 6.12 7.58
3.3 2.58 3.20 3.98 4.92 6.12
3.4 2.06 2.56 3.18 3.95 4.92
3.5 1.64 2.04 2.54 3.16 3.95
3.6 1.31 1.63 2.03 2.53 3.16
3.7 1.04 1.30 1.62 2.02 2.53
3.8 0.83 1.03 1.29 1.61 2.02
T=25°C
2.8 11.47 14.23 17.15 20.67 24.75
2.9 9.58 11.65 14.12 17.15 2271
3.0 7.76 9.48 11.55 14.12 17.18
3.1 6.27 7.68 9.40 11.55 14.15
3.2 5.04 6.20 7.61 9.40 11.58
3.3 4.05 4.99 6.14 7.61 9.42
3.4 3.24 4.00 4.94 6.14 7.63
3.5 2.60 3.20 3.97 4.94 6.16
3.6 2.07 2.56 3.18 3.97 4.55
3.7 1.65 2.05 2.54 3.18 3.98
3.8 1.32 1.63 2.03 2.54 3.18
T=30°C
2.8 18.05 20.83 24.49 29.28 35.36
2.9 14.89 17.28 20.48 24.75 30.29
3.0 12.20 14.23 16.98 20.71 25.66
3.1 9.94 11.65 13.98 17.18 21.52
3.2 8.06 9.48 11.44 14.15 17.88
3.3 6.51 7.68 9.30 11.58 14.75
34 5.24 6.20 7.53 9.42 12.08
3.5 4.21 4.99 6.08 7.63 9.84
3.6 3.37 4.00 4.89 6.16 7.98
3.7 2.69 3.21 3.92 4.95 6.44
3.8 2.16 2.56 3.14 3.98 5.19
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Table 111 (continued)
Molecular Sulfur Dioxide as a Percentage of Free Sulfur Dioxide (1=0.038)

T=35°C
pH Alcohol % by volume
0 5 10 15 20
2.8 22.27 24.75 28.71 34.42 42.18
29 18.53 20.71 24.24 29.42 36.69
3.0 15.31 17.18 20.26 24.88 31.52
3.1 12.55 14.15 16.79 20.83 26.77
3.2 10.24 11.58 13.82 17.28 22.51
33 8.31 9.42 11.30 14.23 18.74
3.4 6.71 7.63 9.19 11.65 15.49
3.5 5.44 6.16 7.44 9.48 12.71
3.6 434 4.95 6.00 7.68 10.36
3.7 3.48 3.98 4.88 6.20 8.41
3.8 2.78 3.18 3.87 4.99 6.80
T=40°C

2.8 29.23 30.68 34.52 40.89 50.14
2.9 24.70 26.01 29.52 35.47 44.74
3.0 20.67 21.83 24.96 30.39 38.85
31 17.15 18.16 20.90 25.75 33.54
3.2 14.12 14.98 17.35 21.60 28.62
33 11.55 12.28 14.29 17.96 24.15
3.4 9.40 10.00 11.70 14.81 20.19
35 7.61 8.11 9.52 12.13 16.73
3.6 6.14 6.56 7.71 9.88 13.77
3.7 4.94 5.28 6.22 8.01 11.25
3.8 3.97 4.24 5.01 6.47 9.15

BIBLIOGRAPHY

Molecular sulfur dioxide:
BEECH F.W. & TOMAS MME S_ Bull. O.1.V., 1985, 58, 564-581.
USSEGLIO-TOMASSET L. & BOSIAP.D., F.V., O.1.V., 1984, n° 784.
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Method OIV-MA-AS323-05 Type IV method

Sulphur dioxide

Reference method: Procedure for grape juice
(Resolution Oeno 377/2009)

1. Apparatus:
See 2.2.1., from OIV-MA-AS323-04A

2. Reagents:

— Phosphoric acid (p2o =1.71 g/ml) diluted at 25% (m/v).
— For other reagents, see 2.2.2., from OIV-MA-AS323-04A

3. Procedure:

Introduce 50 ml of grape juice and 5 ml of phosphoric acid diluted 25% (m/v)
in a 250 ml balloon A control trainer. Set up the balloon.

Continue as indicated as in 2.2.4.1., from the OIV-MA-AS323-04A form.

4, Calculation:

Given n as the number of milliliters of 0.01 M sodium hydroxide solution used,
the total sulphur dioxide content of grape juice in milliliters per liter:

6.4 xn
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Method OIV-MA-AS323-06 Type IV method

Determination of mercury in wine by vapour

generation and atomic spectrofluorimeter
(Resolution Oeno 15/2002)

1. FIELD OF APPLICATION
This method applies to the analysis of mercury in wines with a concentration
range between 0 to 10 ug/I.

2. DESCRIPTION OF TECHNIQUE

2.1. Principle of the method
2.1.1 Mineralisation of wine takes place in an acid environment: heating
under reflux;
mineralisation is achieved with a potassium permanganate.
2.1.2. Reduction of non-consumed permanganate by hydroxylamine
hydrochlorate
2.1.3. Reduction in mercury Il (metal mercury by stannous chloride (11).
2.1.4. Mercury pick up by an argon current at ambient temperature
2.1.5. Dosage of mercury in monoatomic vapour state by atomic
flourescence spectometre with wavelength of 254 nm. Mercury atoms
are excited by a mercury vapour lamp; the atoms thus excited emit a
radiation called flourescent which allows the quantification of
mercury present using a photonics detector to obtain good linearity
while eliminating memory effects.

2.2 Principle of analysis (figure 1)

The peristaltic pump absorbs the stannous chloride solution, the blank solution
(demineralised water containing 1% nitric acid) and the sample of mineralised
wine.

The mercury metal is taken up in a gas-liquid separator by a current of argon.
After going through a drying tube, the mercury is detected by florescence.
Then, the gaseous current goes through a permanganate potassium solution in
order to capture the mercury.
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Figure n°1 Analytic Chain for dosage of mercury

3. REAGENTS AND PREPARATION OF REACTIVE SOLUTIONS

3.1 Ultra-pure demineralised water
3.2 Ultra-pure 65% nitric acid
3.3 White: demineralised water (3.1) containing 1% of nitric acid (3.2)

3.4 Nitric acid solution 5.6 M (3.1):
Put 400 ml of nitric acid (3.2) into a 1000 ml flask; fill with
demineralised water (3.1).

3.5 Sulphuric acid (d=1.84)

3.6 Sulphuric acid solution 9M:
Put 200 ml of demineralised water (3.1), 50 g of potassium
permanganate (3.7) into a 1000 ml flask; fill with demineralised
water (3.1).

3.7 Potassium permanganate KMnO4

3.8 5% Potassium permanganate solution:
Dissolve 50 g of potassium permanganate (3.7) with demineralised
water (3.1), in a 1000 ml flask. Fill with demineralised water (3.1).

3.9 Hydroxylamine hydrogen chloride NH2OH, HCI
3.10 Reducing solution:
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Weigh 129 of hydroxylamine hydrogen chloride (3.9) and dissolve
in 100 ml of demineralised water (3.1).

3.11 Stannous chloride (SnCI2, 2 H20)
3.12 Concentrated hydrochloric acid

3.13 Stannous chloride solution:
Weigh 40 g of stannous chloride (3.11) and dissolve in 50 ml of
hydrochloric acid (3.12). Fill with 200 ml of demineralised water
(3.2).

3.14 Mercury standard solution at 1g/I
prepared by dissolving 1708 g of Hg (NOs). H,O in an aqueous nitric
acid solution at 12% prepared from metal mercury.

3.15 Reference mercury solution at 10 mg/l :
Place 1 ml of mercury standard solution (3.14) in a 100 ml
volumetric flask, add 5 ml of nitric acid, fill will demineralised water
(3.1)

3.16 Mercury solution at 50 mg/l:
Place 1 ml of 10 mg/l (3.15) solution in a 200 ml flask. Add 2 ml of
nitric acid (3.2). Fill with demineralised water (3.1).

4. APPARATUS

4.1 Glass ware
4.1.1 Volumetric flasks 100, 200, and 1000 ml (class A)
4.1.2 Volumetric pipette 0.5,1.0, 2.0, 5, 10 and 20 ml (class A)
4.1.3 Precautionary action: Before using, the glass ware must be
washed with 10% nitric acid, leave in contact 24 hours, then
rinse with demineralised water.

4.2 Mineralisation apparatus (figure 2)
4.3 Temperature controlled heating mantle
4.4 Squeeze pump

4.5 Cold vapour generator
4.5.1 Liquid gas separator

4.6 Desiccant (Hygroscopic membrane) covered by an air current
(supplied from a compressor) and placed before the detector

4.7 Spectrofluorimeter
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4.7.1 Mercury vapour lamp regulated to 254 nm wave length
4.7.2 Atomic fluorescence specific detector

4.8 Computer
4.8.1 Software which regulates the parameters of the vapour generator
and the atomic fluorescence detector and enables calibration and
usage of the results.
4.8.2 Printer which stores results

4.9 Neutral gas bottle (argon)
5. PREPARATION OF CALLIBRATION SOLUTIONS AND SAMPLES

5.1 SET OF CALLIBRATION SOLUTIONS: 0; 0.25; 0.5; and 1.0 ug/L
Introduce : 0; 0.5; and 1.0 and 2.0 ml of the mercury solution to 50 ug/I
(3.16.) in 4 100 ml flasks; add 1 % nitric acid (3.2.); fill with demineralised
water (3.1.).

5.2. Preparation of samples (figure 2)

Wine is mineralised in a glass pyrex apparatus made up of three parts
joined by spherical honing: a 250 ml balloon, a vapour recuperation
chamber, a refrigerant.

Using a pipette put 20 ml of wine in a 250 ml reaction flask; assemble the
mineralisation apparatus.

Add 5 ml of sulphuric acid (3.6.) and 10 ml of nitric acid (3.4.) slowly;
leave overnight.

Heat slowly under reflux until the nitrous vapours disappear ; leave to
cool. Recover the condensed vapours in the reaction flask. Rinse the
recipient with demineralised water. Pour the contents of the reaction flask
into a 100 ml volumetric flask. Add potassium permanganate solution
(3.8.) until the colour remains. Solubilize the precipitate (MnO,) with a
reducing solution (3.10.). Fill with demineralised water (3.1.).

Carry out a blank test on demineralised water.
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Refrigerant
with balls

Circulation
cold water

Vapour _
Recuperation Introduction

of wine
and reagents

chamber

Reaction Balloon
(wine + sulphuric acid
+ nitric acid)

Heatina mantle

Figure n°2, Mineralisation apparatus

6. OPERATING PROCEDURE

6.1 Analytical measurement

Turn on the fluorimeter; the apparatus is stable after 15 minutes. The
squeeze pump absorbs the white (3.3), the stannous lead Il (3.13) and the
sample calibrations (5.1) or (5.2.) Verify that bubbling occurs in the liquid
gas separator. Present the calibration samples successively (5.1); set off
the vapour generator program. The computer software establishes a
calibration curve (percentage of fluorescence according to concentration
of mercury ug/l). Then present the samples (5.2).

6.2 Automatic checks
A blank analysis and a calibration are analysed every five tests to correct
any possible spectrofluorimeter derivitives.
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7. EXPRESSION OF RESULTS
Results are provided by the computer software and expressed in ug/l. Deduct
the mercury concentration in wine in ug/l keeping into account 1/5 dilution.

8. CHECKING RESULTS
Quality control is carried out by placing reference material in which the
mercury content is known, following the set of calibrations and every 5
samples. Following the analytical series, the reference material is red wine, dry
white wine or sweet white wine.
The check card is set for each reference material used. The check limits are set
at: +/- 2Sg intra (2Sg intra : reproducibility spread-type)
The uncertainly calculation, carried out on check cards, resulted in a red wine
reference of: 3.4 +/- 0.8 ug/l and for reference dry white wine : 2.8+/-0.9 ug/I.
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OIV-MA-AS323-07 Type of Method Il

MULTIELEMENTAL ANALYSIS USING ICP-MS
(O1V-0eno 344-2010)

1. SCOPE OF APPLICATION
This method can be applied to the analysis of the elements present in wines within
the range indicated and featured in the following list:
- Aluminium between 0.25 and 5.0 mg/I

- Boron between 10 and 40 mg/I

- Bromine between 0.20 and 2.5 mg/I

- Cadmium between 0.001 and 0.040 mg/I

- Cobalt between 0.002 and 0.050 mg/I

- Copper between 0.10 and 2.0 mg/I

- Strontium between 0.30 and 1.0 mg/I

- lron between 0.80 and 5.0 mg/I

- Lithium between 0.010 and 0.050 mg/I

- Magnesium between 50 and 300 mg/I

- Manganese between 0.50 and 1.5 mg/I

- Nickel between 0.010 and 0.20 mg/I

- Lead between 0.010 and 0.20 mg/I

- Rubidium between 0.50 and 1.2 mg/I

- Sodium between 5 and 30 mg/I

- Vanadium between 0.003 and 0.20 mg/I

- Zinc between 0.30 and 1.0 mg/I

This technique can also be used to analyze other elements.
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The sample sometimes requires mineralization. This is the case, for example, of
wines with more than 100 g/L of sugar where it can be necessary to realise
mineralization of the sample before. In this case, it is recommended to perform a
digestion with nitric acid in a microwave.

The technique can also be applied to musts, after mineralization.

2. BASIS

Multielemental quantitative determination using Inductively Coupled Plasma Mass
Spectometry or ICP-MS.

Injection and nebulization of the sample in high-frequency plasma. The plasma
causes the desolvation, atomization and ionization of the elements in the sample.
The ions are extracted using a vacuum system fitted with ionic lenses. The ions are
separated according to the mass-to-charge ratio in a mass spectrometer, for
example, a quadrupole. Detection and quantification of ions using an electron
multiplier system.

3. REAGENTS AND SOLUTIONS

3.1 Ultrapure, demineralized water with resistivity (> 18 MQ), in accordance with
ISO 3696.

3.2 Certified solution(s) (for example, 100 mg/l) containing the metals to be
analyzed. Multielemental or monoelemental solutions can be used.

3.3 Indium and/or rhodium solution as an internal standard (normally 1 g/I).
3.4 Nitric acid > 60 % (metal impurities < 0.1 pg/l).

3.5 Argon, minimum purity of 99.999%.

3.6 Nitrogen (maximum impurity content: H,O < 3 mg/l, O, <2 mg/l and
CnHm < 0.5 mg/l).

Solution concentration and internal standards are given by way of reference.

Preparation of standard solutions:

Acid concentration in the standards and in the final dilution of the wine samples
must be the same and must not exceed 5%. The following is an example.
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3.7

3.8

3.9

Stock solution (5mg/l).

Place 0.5ml of solution (3.2) in a 10 ml (4.5) tube and add 0.1 ml of nitric
acid (3.4). Level off to 10 ml with demineralized water (3.1) and homogenize.
Shelf life: 1 month.

Internal standard solution (1 mg/l).

Using micropipettes (4.4), place 50 pl of indium or rhodium solution (3.3)
and 0.5 ml of nitric acid (3.4) in a 50 ml tube (4.6). Level off to 50 ml with
demineralized water (3.1) and homogenize.

Shelf life: 1 month.

Standard solutions of the calibration curve.

Adapt the range of the series of standards according to the dilution on the
sample or the equipment used.

Use 1000 pl and 100 pl pipettes (4.4).
Shelf life of standard solutions: 1 day

These standard solutions can also be prepared gravimetrically. Add internal

3.10

41
4.2
4.3
4.4
4.5
4.6

standard in the same concentration as for the samples.

Internal control wine of known concentrations (MRC, MRE, MRI, etc.).

MATERIAL AND EQUIPMENT

Inductively coupled mass spectrometer with/without collision/reaction cell.
Computer with data processing software and printer.

Autosampler (optional).

1000 pl and 100 pl micropipettes.

10 ml plastic, graduated test tubes with bung or glass volumetric flasks.

50 ml plastic, graduated test tubes with bung or glass volumetric flasks.

All volumetric material (micropipettes and test tubes) must be duly calibrated.
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Note: material that will come into contact with the sample, such as, for example,
tubes and tips, must remain for at least 24 hours in a nitric acid solution (3.4) at a
concentration of 10% and must subsequently be rinsed several times in water
(3.2).

5. SAMPLE PREPARATION

Samples of sparkling wine must be degasified. This can be done through nitrogen
bubbling (3.6) for 10 minutes or by using an ultrasound bath.

Remove the bung carefully to ensure that the wine is not contaminated. Wash the
bottle neck in an acid solution (2% HNO3). Wine samples are taken directly from
the bottle.

Use a micropipette (4.4) to insert 0.5 ml of wine, 0.1 to 0.5 ml of nitric acid (3.4)
and 100 pl of internal standard solution (3.8) into a 10 ml tube (3.5).Level off with
water (3.1) and homogenize.

For certain elements a higher dilution may be necessary owing to their high natural
content in the sample.

Br has high ionization potential and its ionization in plasma may be incomplete
because of the presence of high concentrations of other elements in wines with low
ionization potential. This may result in the incorrect quantification of Br and
therefore a 1/50 dilution is recommended to avoid this effect (in the event of
another dilution being used, confirm the results by checking recovery after an
addition).

When the standards are prepared gravimetrically, the final dilution of the sample
must also be obtained gravimetrically.

6. PROCEDURE
Switch on the device (pump working and plasma on).
Clean the system for 20 minutes using 2% nitric acid (3.4).

Check that the device is functioning correctly.

Analyze a blank and the series of standard solutions in increasing concentrations,
then a standard solution (e.g. no. 2 of series 3.9) to check for correct calibration
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and finally the blank to ensure that there is no memory effect. Read the samples in
duplicate. For the internal control, use a wine of known concentrations (3.10) to
confirm that the results are coherent.

Element m/z*
Aluminium 27
Boron 11
Bromine 79
Cadmium 114
Cobalt 59
Copper 63
Strontium 88
Iron 56/57
Lithium 7
Magnesium 24
Manganese 55
Nickel 60
Lead average of 206, 207 and 208
Rubidium 85
Sodium 23
Vanadium 51
Zinc 64

* The above table is given by way of example. Other isotopes may be required,
depending on the equipment.

In the event of using equipment with no collision/reaction cell, correction
equations may be necessary for some elements.

7. RESULTS

The software can calculate the results directly.
Element concentrations are reported in mg/I to two decimal points.
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Obtain, by interpolating in the calibration curve, the concentration of the elements
in the diluted samples. Use the following equation to calculate the concentration of
the elements in the sample:

C— Cm xVt
Vm
Where:
C= Concentration of the element in the sample

Cnmn = Concentration of the elements in the diluted sample
V; = Final volume of the measurement solution, in ml
V= Aliquot volume of wine, in ml.

8. QUALITY CONTROL

Ensure traceability by using certified standards.

In each analytical series, use a CRM (Certified Reference Material) as an internal
control of wine or a wine used as reference material from an interlaboratory test

campaign.

It is recommended that control graphs be created from the results of the quality
control analysis.

Participation in interlaboratory test campaigns.

9. PRECISION

The results of the statistical parameters of the collaborative trial are shown in
Appendix A.

9.1 Repeatability (r)

The difference between two independent results, obtained using the same method,
in the same sample, in the same laboratory, by the same operator, using the same
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equipment in a short time interval. r results are given in Tables 1 to 17 of

Appendix A

9.2 Reproducibility (R)

The difference between two results, obtained using the same method, in the same
sample, in a different laboratory, by a different operator and with different

equipment. R results are given in Tables 1 to 17 of the Appendix A.

Table 1 represents the % of the relative standard deviation of Repeatability and
Reproducibility (RSD,% et RSDr%) of the method. (*) C = Concentration

Element Concentration RSD, % RSDg %
Aluminium 0,25 - 5,0 mg/l 4 10
Boron 10 - 40 mg/l 3.8 6,3
Bromine 0,20- 1,0 mg/l 4,1 16,3
>1,0-2,5mg/l 2.1 8,0
Cadmium 0,001 - 0,020 mg/I 0,06 C*+0,18 10
> 0,020 — 0,040 mg/| 1,5 10
Cobalt 0,002 - 0,050 mg/I 3,2 13,2
Cobper 0,10 - 0,50 mg/I 3,8 114
PP > 0,50 — 2,0 mg/l 2,0 114
Strontium 0,30 - 1,0 mg/l 2,5 7,5
Iron 0,80- 1,0 mg/l 4,2 15,7
>1,0-5,0 mg/| 4,2 7,8
Lithium 0,010 - 0,050 mg/I 7 12
Magnesium 50 - 300 mg/l 2 6
Manganese 0,50-1,5 mg/l 3 7
Nickel 0,010 - 0,20 mg/I 5 8
0,010 - 0,050 mg/I 8 7
Lead > 0,050 — 0,20 mg/l 2 7
Rubidium 0,50 - 1,2 mg/l 3 6
. 5-10 mg/l 2 10
Sod
ocium > 10 - 30 mg/l 0,3C*-2,5 10
Vanadium 0,003 - 0,010 mg/I 8 10
>0,010 - 0,20 mg/l 3 10
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Zinc 0,30 - 1,0 mg/l 5 12

Table 1: relative standard deviation of Repeatability and Reproducibility
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APPENDIX A

RESULTS OF THE COLLABORATIVE TRIALS

The method has been checked with two collaborative trials, by evaluating
precision in accordance with ISO 5725.The trueness of the method has been
obtained through recovery studies.

1st Collaborative Trial

8 samples (A, B, C, D, E, F, MH1 and MH2) were used from the following origins:

e  Three samples of red wine, with and without addition.

e  Three samples of white wine, with and without addition.

e  Two samples of synthetic hydroalcoholic mixture, prepared with ethanol and
water.

Hydroalcoholic sample MH1 presented problems of instability during the trial and

the results have not been taken into account.

MH2 A B C D E F
et | ol | pws | e | s | N | e
wine

Aluminium 5 05 2 2 T IS
Cadmium 0.001 0.005 0.02 0.05 001 | dé\i'gon L\'d%i o
Strontium 0.300 ad(lj\::)ion ad(lj\::)ion ad(lj\::)ion ad(lj\::)ion adcli\:;)ion [a\ld(ziition
Lithium 0.020 0.01 0.02 0.04 0.01 adé\i'gon g'd%ition
Magnesium 50 100 200 50 5 |, dé\i'gon L\'d%i o
Manganese 0.500 0.5 1 1 05 |, dé\i'gon L\'d%i o
Nickel 0.070 0.025 0.2 0.1 0.1 adé\i'gon g'd%ition
Lead 0.010 0.05 0.1 0.15 005 | dé\i'gon L\'d%i o
Rubidium 10 ad(lj\::)ion ad(lj\::)ion ad(lj\::)ion ad(lj\::)ion adcli\:;)ion [a\ld(ziition
Sodium 20 10 10 20 5 . dé\i'gon L\'d%i o
Vanadium 0.010 0.05 0.2 0.1 0.1 adé\i'gon g'd%ition
Zinc 0.500 0.1 1 0.5 0.5 adé\i'gon adé\i'gon
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2nd Collaborative Trial
Sixteen samples (A, B, C,D,E,F, G, H, I, J, K, L, M, N, O, P) from the following
origins were used:

o  Four samples of red wine, with and without addition.
e  Four samples of Port wine, with and without addition.
e  Six samples of white wine, with and without addition.
e  Two samples of champagne.

Amounts added to the samples

.. B Co Cu Fe
Samples Code | Addition mol g/l g/ Mg/
No
PN 00 0.0 0.0 0.0
White wine | C-I Addl'“on 5.0 5.0 5.0 1.0
A-O Addz'“on 10.0 10.0 1.0 2.0
B-K No 0.0 0.0 0.0 0.0
Liqueur wine addition
E-L Addé“on 15.0 20.0 15 3.0
D-M No 0.0 0.0 0.0 0.0
. addition
Red wine Addition
H-J y 20.0 50.0 2.0 5.0
Sparkling |~ o No 0.0 0.0 0.0 0.0
wine addition
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PRECISION PARAMETERS (Tables 1 to 17):

The values of Horrat, and Horratz have been obtained by using the Horwitz equation taking into account
Thompson’s modification for the concentration below 120 pg/L.

Table 1: Aluminium (mg/l)

Horwitz Horwitz
SAMPLE LI\T‘(E. Accepted | Vréf Sr r R(f/loj)r RSD, Horrat, SR R REEAE))R rRSDRr | Horratr
(%) (%)
A 11 10 0,68 0,020 | 0,06 2,9 11 0,26 0,077 0,22 11 17 0,66
B 11 9 2,1 0,043 | 0,12 2,0 9,4 0,22 0,21 0,61 10 14 0,71
C 11 9 2,1 0,032 | 0,09 1,5 9,5 0,16 0,21 0,59 10 14 0,69
D 11 10 1,2 0,041 | 0,12 3,4 10 0,34 0,10 0,29 8,3 16 0,56
E 11 10 0,34 0,014 | 0,04 4,1 12 0,34 0,029 0,08 8,5 19 0,46
F 11 10 0,27 | 0,006 | 0,02 2,2 13 0,17 0,028 | 0,08 10 20 0,52
MH2 11 8 5,2 0,26 0,73 5,0 8,2 0,60 0,56 1,6 11 13 0,86
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Table 2: Boron (mg/l)

Horwitz Horwitz
SAMPLE: LI\T‘(E. Accepted | Vréf | Sr r REEAE;))r RSD, Horrat, SR R R(’f/g’)R rRSDgr | Horratg
(%) (%)
A-O 8 6 18 0,77 2,2 4,3 6,8 0,62 0,94 2,69 5,2 10 0,50
B-K 8 4 4,5 0,27 0,76 6,0 8,4 0,72 0,40 1,14 8,9 13 0,70
C-1 8 4 13 0,31 0,89 2,4 7,2 0,33 0,33 0,94 2,5 11 0,24
D-M 8 7 11 0,26 | 0,74 2,4 7.4 0,31 1,1 3,11 10 11 0,90
E-L 8 5 21 0,47 1,3 2,2 6.7 0,33 0,85 2,43 4,0 10 0,40
F-N 8 5 8,3 0,43 1,2 5,2 7.7 0,68 0,47 1,34 57 12 0,48
G-P 7 4 3,1 0,094 | 0,27 3,0 8.9 0,34 0,18 0,51 5,8 14 0,43
H-J 8 5 31 1,0 3,0 3,2 6.3 0,54 1,6 4,43 5,2 9,6 0,52
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Table 3: Bromine (mg/I

Horwitz Horwitz
SAMPLE: LI\T‘(E. Accepted | Vref Sr r '?;E’)f RSD, Horrat, SR R REEAE))R rRSDg | Horratr
(%) (%0)

A-O 6 2 1,21 | 0,028 0,08 2,3 10,3 0,22 0,041 0,12 3,4 15,6 0,22
B-K 5 2 0,19 | 0,006 0,02 2,9 13,6 0,21 0,0043 | 0,012 2,3 20,5 0,11
C-1 6 3 0,81 | 0,017 0,05 2,1 10,9 0,19 0,062 0,18 7,7 16,5 0,47
D-M 6 4 0,38 | 0,017 0,05 4,5 12,2 0,37 0,066 0,19 17,4 18,5 0,94
E-L 6 3 1,72 | 0,030 0,09 1,7 9,7 0,17 0,22 0,62 12,8 14,8 0,86
F-N 6 3 0,22 | 0,014 0,04 6,4 13,3 0,48 0,046 0,13 20,9 20,1 1
H-J 6 2 2,30 | 0,061 0,17 2.7 9,3 0,28 0,092 0,26 4 14.1 0.28
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Table 4: Cadmium (ug/1)

Horwitz Horwitz
SAMPLE: LI\'?\(E. Accepted | Vréf | Sr r '_‘E;E’)f RSD, Horrat, SR R REEAE))R rRSDr | Horratg
(%) (%)
A 12 11 6 0,2 0,6 3,3 15 0,22 1 3 17 22 0,77
B 12 11 16 0,4 1 2,5 15 0,17 2 6 13 22 0,59
C 12 9 40 0,4 1 1,0 15 0,07 3 8 7,5 22 0,34
D 12 10 10 0,3 0,8 3,0 15 0,20 0,9 3 9,0 22 0,41
E 8 7 0,3 0,20 0,6 67 15 4,47 0,20 0,67 67 22 3,05
F 8 6 0,3 0,04 0,1 13 15 0,87 0,20 0,45 67 22 3,05
MH2 9 5 0,9 0,08 0,2 8,9 15 0,59 0,10 0,29 11 22 0,50
OIV-MA-AS323-07: R2010 14




COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS — OIV
Multielemental analysis using ICP-MS

Table 5: Cobalt (pg/1)

Horwitz Horwitz
SAMPLE: L,\'?‘(E' Accepted | Vréf | Sr r REEAE;))r RSD, Horrat, SR R REOS/E))R rRSDgr | Horratr
(%) (%)
A-O 10 6 22 0,5 1 2.3 15 0,15 2 6 9,1 22 0,41
B-K 10 6 8 0,3 0,9 3,8 15 0,25 1 4 13 22 0,59
C-1 10 8 19 0,4 1 2,1 15 0,14 3 7 16 22 0,73
D-M 10 3 3 0,07 | 0,2 2,3 15 0,15 0,1 0,3 3,3 22 0,15
E-L 10 8 27 1 3 3,7 15 0,25 3 9 11 22 0,50
F-N 10 7 12 0,5 2 4,2 15 0,28 1 4 8,3 22 0,38
G-P 9 5 2 0,2 0,5 10 15 0,67 0,3 0,8 15 22 0,68
H-J 10 6 49 0,5 1 2,3 15 0,15 6 18 12 22 0,55
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Table 6: Copper (mg/l)

Horwitz Horwitz
SAMPLE LI\'?\(E. Accepted | Vréf Sr r '?;E’)f RSD, Horrat, SR R REEAE))R rRSDg | Horratr
(%) (%)
A-O 10 8 1,1 0,013 | 0,040 1,2 10 0,12 0,11 0,32 10 16 0,63
B-K 10 8 0,21 | 0,006 | 0,020 2,9 13 0,22 0,021 | 0,060 10 20 0,50
C-1 10 7 0,74 0,009 | 0,030 1,2 10 0,12 0,046 0,13 6,2 17 0,36
D-M 10 8 0,14 | 0,007 | 0,020 5,0 14 0,36 0,015 | 0,043 11 22 0,50
E-L 10 9 1,7 0,061 0,17 3,6 7,8 0,5 0,16 0,46 9.0 15 0,60
F-N 10 7 0,16 | 0,006 | 0,020 3,8 14 0,27 0,029 | 0,083 18 21 0,86
G-P 9 4 0,042| 0,004 | 0,010 9,5 15 0,63 0,006 | 0,017 14 22 0,64
H-J 10 7 2,1 0,018 | 0,050 | 0,86 9,5 0,09 0,24 0,69 11 14 0,79
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Table 7: Strontium (pg/l)

Horwitz

Horwitzg

SAMPLE| LAB. N° | Accepted | Vréf Sr r REE/OD)r RSD, Horrat, | SR R REEAE))R RSDk (%) Holzrat
(%)
A 12 11 1091 33 93 3,0 10 0,30 78 222 7,2 16 0,45
B 12 8 1139 66 188 5,8 10 0,58 69 195 6,1 16 0,38
C 12 9 328 6 18 1,8 13 0,14 19 54 5,8 19 0,31
D 12 10 313 7 20 2.2 13 0,17 22 61 7,0 19 0,37
E 12 10 1176 28 80 2.4 10 0,24 86 243 7,3 16 0,46
F 12 10 293 3 9 1,0 13 0,08 22 62 7.5 19 0,39
MH2 12 9 352 7 19 2.0 12 0,17 24 69 6.8 19 0,36
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Table 8: Iron (mg/l)
LAB. ) RsD, | Homwitz RsD, | Horwitz
SAMPLE| ( Accepted | Vréf| Sr r (%) RSD, Horrat, SR R (%) rRSDg | Horratr
(%) (%)

A-O 10 6 3,2 0,017 0,05 0,53 8,9 0,06 0,23 0,66 7,2 13 0,55
B-K 10 6 1,5 | 0,085 0,24 5,7 9,9 0,58 0,11 0,31 7,3 15 0,49
C-1 10 5 2,1 0,036 0,10 1,7 9,4 0,18 0,18 0,51 8,6 14 0,61
D-M 10 5 3,1 | 0,033 0,094 1,1 8,9 0,12 0,29 0,83 9,4 14 0,67
E-L 10 5 4,3 0,120 0,34 2,8 8,5 0,33 0,29 0,83 6,7 13 0,52
F-N 10 6 1,1 | 0,051 0,15 4,6 10 0,46 0,16 0,46 15 16 0,94
G-P 9 6 0,83| 0,024 0,07 2,9 11 0,26 0,14 0,40 17 16 1,06
H-J 10 7 7,8 | 0,180 0,52 2,3 7,8 0,29 1,2 3,52 15 12 1,25
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Table 9: Lithium (pg/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
(>0) (%)
A 11 10 34 2 5 5,9 15 0,39 4 11 11 22 0,50
B 11 11 42 3 8 7,1 15 0,47 4 12 10 22 0,45
C 11 11 a7 1 4 2.1 15 0,14 5 13 9,8 22 0,45
D 11 11 18 1 4 5,6 15 0,37 2 7 14 22 0,64
E 11 11 25 1 3 4,0 15 0,27 3 9 12 22 0,55
F 11 9 9 0,3 1 3,8 15 0,25 0,6 2 7,2 22 0,33
MH2 11 7 22 1 3 4.6 15 0,31 1 3 5,3 22 0,24
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Table 10: Magnesium (mg/l)

SAMPLE LAB RSD HOLWit RSDgr l:(lj?rgv[i)tz Horrat
. N.O. Accepted | Vreéf Sr r (%) RSD, Horrat, SR R (%) (%) R .
()
A 10 7 182 2,9 8,1 1,6 4,3 0,37 9,3 26 5,1 7,3 0,70
B 10 6 280 3,9 11 1,4 4.5 0,31 6,0 17 2.1 6,9 0,30
C 10 7 104 2,4 6,9 2.3 5,3 0,43 6,8 19,25 6,5 8,0 0,81
D 10 6 85 1,4 4,0 1,7 54 0,31 2,2 6,1 2.6 8,2 0,32
E 10 7 94 2,2 6,2 2.3 5,3 0,43 5,5 16 5,9 8,1 0,73
F 10 7 65 0,95 2,7 1,5 5,6 0,27 3,8 11 5,9 8,5 0,69
MH2 10 7 51 0,90 2,5 1,8 5,8 0,31 2,4 6,9 4,7 8,9 0,53
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Table 11: Manganese (mg/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
() ()

A 11 10 1,3 0,014 | 0,040 1,1 10 0,11 0,13 0,37 10 15 0,67
B 11 9 1,8 0,14 0,40 7.8 9,7 0,80 0,20 0,56 11 15 0,73
C 11 8 1,5 0,028 0,080 1,9 9,9 0,19 0,084 0,24 5,6 15 0,37
D 11 8 1,0 0,035 0,10 3,5 11 0,32 0,049 0,14 4.9 16 0,31
E 11 9 0,84 0,019 | 0,050 2.3 11 0,21 0,057 | 0,16 6,8 16 0,43
F 11 9 0,59 0,015 | 0,040 25 11 0,23 0,031 | 0,090 5,3 17 0,31
MH2 11 8 0,52 | 0,029 | 0,080 5.6 12 0,47 0,037 | 0,10 7.1 18 0,39
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Table 12: Nickel (pg/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
(>0) (%)

A 11 10 40 2 6 5,0 15 0,33 5 13,90 13 22 0,59
B 12 10 194 7 20 3,6 14 0,26 17 48,96 8,8 21 0,42
C 12 8 148 4 10 2.7 14 0,19 5 15,12 3,4 21 0,16
D 12 8 157 4 12 2.6 14 0,19 8 23,10 5,1 21 0,24
E 11 8 15 0,6 2 4,0 15 0,27 1 3,33 6,7 22 0,30
F 12 9 66 1 4 1,5 15 0,10 4 10,58 6,1 22 0,28
MH2 11 7 71 5 14 7.0 15 0,47 4 11,41 5.6 22 0,25
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Table 13: Lead (pg/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
(>0) (%)

A 12 9 59 1 4 1,7 15 0,11 3 9 5,1 22 0,23
B 12 10 109 2 6 1,8 15 0,12 8 23 7,3 22 0,33
C 12 9 136 3 9 2.2 14 0,16 13 37 9,6 22 0,44
D 12 9 119 2 6 1,7 15 0,11 5 13 4.2 22 0,19
E 12 10 13 1 3 7,7 15 0,51 1 4 7,7 22 0,35
F 12 9 92 1 4 1,1 15 0,07 4 11 4.4 22 0,20
MH2 12 10 13 1 3 7.7 15 0,51 1 3 7.7 22 0,35

OIV-MA-AS323-07: R2010 23




COMPENDIUM OF INTERNATIONAL ANALYSIS OF METHODS — OIV
Multielemental analysis using ICP-MS

Table 14: Rubidium (ug/l)

LAB. ) RsD, | Horwitz RsDr | HOWILZR ot
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
(%0) (%0)

A 11 6 717 14 41 2.0 11 0,18 13 36 1,8 17 0,11
B 11 7 799 25 70 3,1 11 0,28 30 86 3,8 17 0,22
C 11 8 677 10 27 1,5 11 0,14 34 96 5,0 17 0,29
D 11 7 612 18 51 2.9 11 0,26 18 50 2,9 17 0,17
E 11 9 741 19 53 2.6 11 0,24 66 187 8,9 17 0,52
F 11 9 617 10 28 1,6 11 0,15 43 123 7,0 17 0,41
MH2 11 7 1128 10 28 0,89 10 0,09 64 181 5,7 16 0,36
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Table 15: Sodium (mg/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vréf Sr r (%) RSD, | Horrat, SR R (%) RSDg o
() ()

A 10 9 19 0,59 1,7 3,1 6,8 0,46 2,2 5,7 12 10 1,20
B 10 9 20 1,3 3,6 6,5 6,7 0,97 2,2 6,3 11 10 1,10
C 10 7 28 0,33 0,93 1,2 6,4 0,19 1,9 5,4 6,8 9,7 0,70
D 10 8 11 0,24 0,68 2.2 7,4 0,30 1,1 3,0 10 11 0,91
E 10 8 9,8 0,19 0,53 1,9 7,5 0,25 0,89 2,5 9,1 11 0,83
F 10 8 6,1 0,093 0,26 1,5 8,1 0,19 0,74 2,1 12 12 1,00
MH2 10 8 24 1,8 5,0 7.5 6,6 1,14 2,6 7,2 11 9,9 1,11
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Table 16: Vanadium (ug/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
(>0) (%)

A 12 11 46 1 3 2.2 15 0,15 5 13 11 22 0,50
B 12 11 167 5 15 3,0 14 0,21 19 54 11 21 0,52
C 12 11 93 3 8 3,2 15 0,21 12 33 13 22 0,59
D 12 9 96 3 8 3,1 15 0,21 8 22 8,3 22 0,38
E 10 7 3 0,2 0,7 6,7 15 0,45 0,3 0,9 10 22 0,45
F 10 8 3 0,2 0,6 6,7 15 0,45 0,2 0,7 6,7 22 0,30
MH2 12 9 11 0,3 1 2.7 15 0,18 0,9 3 8,2 22 0,37
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Table 17: Zinc (ug/l)

LAB. ) Rsp, | Horwitz RSDr | TOWIEZR o rrat
SAMPLE No. | Accepted | Vreéf Sr r (9%) RSD, | Horrat, SR R (%) RSDg .
(>0) (%)

A 11 8 405 22 61 5,4 12 0,45 45 128 11 18 0,61
B 11 9 1327 49 138 3,7 10 0,37 152 429 11 15 0,73
C 11 9 990 14 41 1,4 11 0,13 86 243 8,7 16 0,54
D 11 9 1002 28 79 2.8 11 0,25 110 310 11 16 0,69
E 11 9 328 13 37 4,0 13 0,31 79 224 24 19 1,26
F 11 9 539 15 42 2.8 12 0,23 61 172 11 18 0,61
MH2 11 8 604 72 204 12 11 1,09 89 251 15 17 0,88
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Method OIV-MA-AS4-01 Type IV Method

Microbiological Analysis of Wines and Musts

Detection, Differentiation and Counting of Micro-organisms
(Resolution OIV-0Oeno 206/2010)

Objective:

Microbiological analysis is aimed at following alcoholic fermentation and/or
malolactic fermentation and detecting microbiological infections, and allowing
the detection of any abnormality, not only in the finished product but also during
the different phases of manufacture.

Comments:

All experiments must be carried out under normal microbiological aseptic
conditions, using sterilized material, close to a Bunsen burner flame or in a
laminar flow room and flaming the openings of pipettes, tubes, flasks, etc.
Before carrying out microbiological analysis, it is necessary to ensure that the
samples to be analyzed are taken correctly.

Field of application:

Microbiological analysis can be applied to wines, musts, mistelles and all similar
products even when they have been changed by bacterial activity. These
methods may also be used in the analysis of industrial preparations of selected
microorganisms, such as dry active yeasts and lactic bacteria.

Microbiological analysis techniques:

1. Reagents and materials

2. Installations and equipment
3. Sampling

4 Quality tests

4.1 objective

4.2 principle

4.3 procedure

4.3.1 air quality tests

4.3.2 incubator quality tests

5. Microscopic techniques for the detection, differentiation of micro-
organisms and direct counting of yeasts
5.1. Microscopic examination of liquids or deposits

5.2. Gram staining for the differentiation of bacteria isolated from colonies (see
paragraph 6)

5.3. Catalase Test for the differentiation of bacteria isolated from colonies (see
paragraph 6)

5.4. Yeast cell count — haemocytometry

OIV-MA-AS4-01 : R2010 1



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OV
Microbiological analysis of wines and musts

5.5. Yeast cell count — methylene blue staining of yeast cells

6. Counting of micro-organisms by culture
6.1 Detection, differentiation and enumeration of microorganisms (plate count)
6.2. Culture in liquid environment - "Most Probable Number" (MPN).

1. REAGENTS AND MATERIALS

Current laboratory equipment and apparatus, as listed in ISO 7218:2007 -
Microbiology of food and animal feeding stuff - General rules for microbiological
examinations.

The following ones are recommended:

- Common laboratory materials and glassware, sterile (sterilized or ready-to-
use sterile).

- Tubes (16x160 mm or similar) containing 9 ml sterile peptone water
(Tryptone: 1 g/l) or other diluents to be used for serial sample dilutions.

- Ethanol to flame spreaders and tweezers.

- Hydrogen peroxide 3% solution.

- Micropipette holding sterile tips: 1 ml and 0.2 ml.

- L-shaped or triangular-shaped bent glass rods (hockey sticks) or plastic
spreaders.

- Stainless steel tweezers, with flat edges.

- Sterile cellulose ester membranes (or equivalent) porosity 0.2 and 0.45 pm,
47 mm or 50 mm diameter, possibly with a printed grid on the surface, and
packed singularly.

- Sterile cylinders.

- 10 ml sterile pipettes.

2. INSTALLATIONS AND EQUIPMENT

Current laboratory equipment and apparatus, as listed in ISO 7218:2007 -
Microbiology of food and animal feeding stuff - General rules for microbiological
examinations.

The following ones are recommended:

- Microbiological cabinet or laminar flow cabinet. In the absence of this device,
work in the proximity (within 50 cm) of a gas burner.

- Balance, with an accuracy of £ 0.01 g.

- Autoclave.

- Incubator with settings ranging from 25°C to 37°C.

- pH meter, with an accuracy of £ 0,1 pH units and a minimum measuring
threshold of £ 0,01 pH units.
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- Refrigerator(s), set at 5 £ 3°C, and freezer(s), which temperature shall be
below -18°C, preferably equal to - 24 £ 2°C.

- Thermostatically controlled bath, set at 45 £ 1°C

- Microwave oven.

- Optical microscope.

- Gas burner.

- Colony-counting device.

- Equipment for culture in a modified atmosphere (a sealed jar in which
anaerobiosis can be made).

- Filtering apparatus with 47 mm or 50 mm diameter filters.

- "Vortex" stirrer or equivalent.

- Incubator for dry heat sterilisation

- Centrifuge

- Pump

3. SAMPLING

The sample must reproduce the microbiology of the whole mass of must or wine

to be analyzed. As far as possible, the mass must be homogenized before

sampling, in order to resuspend microorganisms that tend to set down to the

bottom of the container. In case the homogenization is undesirable, samples

must be taken from where the microorganisms are likely (or suspected) to be

present (i.e. when searching for yeasts lying in the bottom of tanks or barrels),

but in this case results are not quantitative. Before taking a sample from a tap,

this latter must be flamed, and 2-3 litres liquid must be flushed. The sample

must be put in a sterile.

The sample must be kept refrigerated and analysed as quickly as possible.

The following amounts of samples are required for the microbiological

examination:

Must, or fermenting must or wine in storage: not less than 250 ml;

Bottled or packed wine: not less than one unit, whatever
the capacity;

4. QUALITY TESTS

4.1 Objective
These tests are aimed at detecting the risk of microbial infection in advance.

4.2 Principle

This technique is based on organoleptic and appearance changes (clouds, films,
deposits, unusual colors) shown by wine when subjected to certain aeration and
temperature conditions which can bring about microbiological activity. The
nature of the changes should be confirmed by microscopic examination.

4.3 Operating method
4.3.1 Air quality tests

OIV-MA-AS4-01 : R2010 3



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OV
Microbiological analysis of wines and musts

A 50 mL wine sample after filtration on coarse sterile filter paper is placed in a
150 mL sterile conical flask stoppered with cotton and left at an ambient
temperature for at least 3 days. The clarity, color and possible presence of
clouds, deposits and films are examined over this time. A microscopic
examination is carried out in the case of cloud, deposit or film or a color change.

4.3..2 Incubator quality tests

A 100 mL wine sample, after filtration on coarse sterilized filter paper, is placed
in 300 mL sterile conical flask stopped with cotton, put in an incubator at 30°C
and examined after at least 72 hours. Organoleptic or visible changes can be
indicative of microbial development. A microscopic examination must therefore
be made.

5. MICROSCOPIC  TECHNIQUES FOR THE DETECTION AND
DIFFERENTIATION OF MICRO-ORGANISMS, AND FOR THE DIRECT
COUNTING OF YEASTS

5.1 Microscopic examination of liquids or deposits

Objective:

Microscopic examination under cool conditions is aimed at detecting and
differentiating the yeasts from the bacteria that might be present, in terms of
their size and shape. Microscopic observation cannot distinguish between viable
and non-viable microorganisms.

Comment:
With appropriate staining (see below), an estimation of the viable yeasts can be
made.

Principle:
This technique is based on the magnification made by a microscope that allows
the observation of micro-organisms, whose size is on the order of a micron.

Operation method:

Microscopic examination can be carried out directly on the liquid or on the
deposit.

Direct observation of the liquid will only be useful when the population is
sufficiently high (more than 5 x 10° cells/mL).

When wine shows a lower microorganism population, it is necessary to
concentrate the sample. Thus, about 10 mL of homogenized wine is centrifuged
at 3000 - 5000 rpm for 5 to 15 minutes. After decanting the supernatant, the
deposit is re-suspended in the liquid remaining at the bottom of the
centrifugation tube.

To carry out the microscopic observation, a drop of the liquid sample or the
homogenized deposit is placed on a clean glass slide with a Pasteur pipette or a
sterilized wire. It is covered with a cover glass and placed on a slide on the
stage of the microscope. Observation is made in a clear field, or preferably in
phase contrast, which allows a better observation of detail. A magnification of
x400 - x1000 is generally used.
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5.2. Gram staining for the differentiation of bacteria isolated from
colonies (see paragraph 6)

Objective:

Gram staining is used to differentiate between lactic bacteria (Gram positive)
and acetic bacteria (Gram negative) and also to observe their morphology.

Comments:

It must be remembered that Gram staining is not sufficient to reach a
conclusion, as other bacteria in addition to lactic and acetic bacteria may be
present.

Principle:

This color is based on the difference in the structure and chemical composition
of the cell walls between Gram positive and Gram negative bacteria. In Gram
negative bacteria, the cell walls that are rich in lipids have a much reduced
quantity of peptidoglycan. This allows the penetration of alcohol and the
elimination of the gentian-violet-iodine complex, forming when the colorless cell
is left, which will then be re-colored in red by saffron. Conversely, the cell walls
of Gram positive bacteria contain a large quantity of peptidoglycan and a low
concentration of lipids. Thus, the thick peptidoglycan wall and the dehydration
caused by the alcohol do not allow the alcohol to eliminate the coloring of the
gentian-violet-iodine complex.

Gram staining loses its usefulness if it is performed on a culture that is too old.
Thus, the bacteria must be in an exponential growth phase within 24 to 48
hours. Gram staining is carried out after isolating the colonies and liquid
cultivation.

Solutions:

The water used must be distilled.

1. Gentian violet solution

Preparation: Weigh 2g of gentian violet (or crystal violet), and put into a 100 mL
conical flask and dissolve in 20 mL of 95% vol. alcohol. Dissolve 0.8g of
ammonium oxalate in 80 mL of distilled water. Mix the two solutions together
and only use after a period of 24 hours. Filter through paper at time of use.
Keep out of light in a dark flask.

2. Lugol solution

Preparation: Dissolve 2g of potassium iodide in a minimal quantity of water (4 to
5 mL) and dissolve 1g of iodine in this saturated solution. Make the volume up
to 300 mL with distilled water. Keep out of light in a dark flask.

3. Saffranin solution:

Preparation: Weigh 0.5g of saffranin in a 100 mL conical flask, dissolve with 10
mL of 95% vol. alcohol and add 90 mL of water. Stir. Keep out of light in a dark
flask.

Operating method:
Smear preparation
Make a subculture of the bacteria in liquid or solid medium. Collect the young
culture bacteria from the deposit (after centrifugation of the liquid culture) or
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directly from the solid medium with a loop or wire and mix in a drop of sterilized
water.

Make a smear on a slide, spreading a drop of the microbial suspension. Let the
smear dry, and then carry out fixation, rapidly passing the slide 3 times through
the flame of a Bunsen burner, or equivalent. After cooling, perform staining.
Staining

Pour a few drops of gentian violet solution onto the fixed smear. Leave to react
for 2 minutes and wash off with water.

Pour in 1 to 2 drops of lugol solution. Leave to react for 30 seconds. Wash with
water and dry with filter paper.

Pour on 95% vol. alcohol, leave for 15 seconds. Rinse with water and dry with
filter paper.

Pour on a few drops of saffranin solution, leave to react for 10 seconds. Wash
with water and dry with filter paper.

Place a drop of immersion oil on the smear.

With the immersion objective, observe through a microscope in clear field.

Results:
Lactic bacteria remain violet or dark blue colored (Gram positive). Acetic
bacteria are red colored (Gram negative).

5.3 Catalase Test for the differentiation of bacteria isolated from
colonies (see paragraph 6)

Objective:

This test is aimed at making a distinction between acetic and lactic bacteria. The
yeasts and acetic bacteria have a positive reaction. Lactic bacteria give a
negative response.

Comments:

It must be taken into account that the catalase test is insufficient as other
bacteria in addition to lactic and acetic bacteria may be present.

Principle:
The catalase test is based on the property that aerobic micro-organisms have of
decomposing hydrogen peroxide with release of oxygen:

catalase
2H,0, ——» 2H>,0 + 0>

Reagent:

12 Volume hydrogen peroxide solution (3%)

Preparation: Measure 10 mL of 30% by volume hydrogen peroxide in a 100 mL
calibrated flask and fill with freshly boiled distilled water. Stir and keep in the
refrigerator in a dark flask. The solution must be freshly prepared.

Operating method:

Place a drop of 3% by volume hydrogen peroxide on a slide and add a small
sample of young colony. If gas is released, it can be concluded that catalase
activity is occurring in the culture . It is sometimes difficult to observe gas
clearing immediately, particularly with bacterial colonies. It is therefore
advisable to examine the culture through a microscope (objective x10).

OIV-MA-AS4-01 : R2010 6



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OV
Microbiological analysis of wines and musts

5.4. Yeast cell count — Haemocytometry

5.4.1 Scope

Determination of yeast cell concentration in fermenting musts or wines, and ADY
(Active Dry Yeast). A high cell concentration is required: at least 5 x 10°
cells/ml. Fermenting musts and wines can be counted directly, ADY must be
diluted 1000 or 10 000 times. Musts or wines containing fewer cells must be
centrifuged (3000 g, 5 minutes) and the sediment resuspended in a known
volume.

5.4.2 Principle

A drop of yeast cell suspension is placed on the surface of a slide with a counting
chamber. The counting chamber has a defined volume and is subdivided in
squares on the surface of the slide. Counting is made under a microscope in
light field. Phase contrast is not indicated if cells are stained,

5.4.3 Reagents and materials

- Haemocytometer, double chamber, preferably with clips: Blrker,
Thoma, Malassez, Neubauer.

- Haemocytometer cover slip: common (0.17 mm width) cover slips are
not suitable to this use, because they are flexible and do not guarantee that the
chamber width is constant.

- Pipettes, fine tips, 1 and 10 ml volume.

- Volumetric flask, 100 ml.

- Beaker, 250 ml.

5.4.4 Installations and equipment

- Microscope with bright field illumination: magnification 250-500 x. Phase
contrast is contraindicated.

- Magnetic plate and stirring bar.

Haemocytometers are available with different counting chambers: Birker,
Thoma, Malassez, Neubauer. Confirm the identity and the volume of the
counting chamber to be used. Blirker, Thoma and Neubauer chambers have 0.1
mm depth, Malassez chamber is 0.2 mm deep.

Thoma chamber has one central large (1 mm?) square, so its volume is 0.1 mm?3
(10 ml). This large square is subdivided in 16 squares, themselves further
divided in 16 smaller squares. Thes small squares each have 0.05 mm x 0.05
side and 0.1 mm depth, so that the volume of each small square is 0.00025
mm?> (25 x 108 ml). It is also possible to count in the medium squares, each
medium square having 16 small squares 0.2 x 0.2 mm, and 0.004 mm? area, or
4 x 10°® ml volume.

Biurker chamber contains 9 large 1mm? squares, which are divided into 16
0.2mm sided medium squares, separated by double lines with a 0.05mm
spacing. The area of the medium squares is 0.04mm? and the volume is
0.004mm3. The area of the small squares formed by the double lines have an
area of 0.025mm?.
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Big, medium and small squares of Neubauer, Thoma and Birker chambers have
the same size. Blirker chamber medium squares do not contain other lines
inside; therefore they are probably the easiest to count.

5.4.5 Examination techniques

The counting chamber and the cover slip must be clean and dry before use. It
may be necessary to scrub the ruled area, as dirty chambers influence the
sample volume. Clean with demineralised water, or ethanol, and dry with soft
paper.

If flocculent yeast has to be counted, the suspension medium must be 0.5%
sulphuric acid, in order to avoid flocculation, but this impairs the possibility of
methylene blue staining and the count of viable and dead cells. Resuspension
can be carried out by sonification.

Put the sample on the slide using a fine tip pipette, following one of the two
following procedures.

Procedure 1

Mix well the yeast suspension. If dilutions are required, make decimal dilutions,
as usual. If a methylene blue stain is performed, make it on the most diluted
sample and mix 1 ml sample with 1 ml methylene blue solution.

Constantly shake the yeast suspension. Take a sample with a fine tip pipette,
expel away 4-5 drops of suspension and place a small drop of yeast suspension
(diluted if necessary) on each of the two ruled areas of the slide. Cover it with
the cover slip within 20 seconds and press firmly with the clips. The counting
area should be completely filled, but no liquid should extend to the moat.
Procedure 2

Place the rigid cover slip so that both counting chambers are equally covered.
Use the clips to press the cover slip against the support areas until iridescence
lines (the Newton rings) appear. When there are no clips, do not move the cover
slip when filling the chamber.

Constantly shake the yeast suspension. Take a sample with a fine tip pipette,
expel away 4-5 drops of suspension and allow a small drop of sample to flow
between the haemocytometer and the cover slip. Do the same in the other part
of the slip. The counting area should be completely filled, but no liquid should
extend to the moat.

Let the prepared slide stand for three minutes for the yeast cells to settle, and
place it under the microscope.

Count 10 medium squares in each ruled area, standardizing procedures must be
set, in order to avoid counting twice the same square. Cells touching or resting
on the top or right boundary lines are not counted, those resting on bottom or
left boundary lines are counted. Budding yeast cells are counted as one cell if
the bud is less than one-half the size of the mother cell, otherwise both cells are
counted.

To obtain accurate cell counts, it is advisable to count 200 - 500 total yeast
cells, on average. Counts from both sides of the slide should agree within 10%.
If a dilution is used, the dilution factor must be used in the calculation.

5.4.6 Expression of results

OIV-MA-AS4-01 : R2010 8



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OV
Microbiological analysis of wines and musts

If C is the average number of cells counted in one medium square with 0.2 mm
sides, the population T total in the sample is :

Expressed as cells/mL T= C x 0.25 x10° x dilution factor

If C is the average number of cells counted in one small square with 0.05mm
sides, the population T total in the sample is:

Expressed as cells/mL T= C x 4 x10° x dilution factor

5.4.7 References
European Brewery Convention. Analytica Microbiologica - EBC. Fachverlag Hans
Carl, 2001

5.5 Yeast cell count — Methylene blue staining of yeast cells

5.5.1 Scope

This method allows a rapid estimation of the percentage of viable yeast cells,
which are not stained, because dead cells are blue-stained. The method is
applicable to all samples containing yeasts, except musts containing more than
100 g/l sugar. Bacteria are too small and their staining is not visible with this
method.

Note: a good focus should be achieved at various depths, in order to properly
see their coloring with methylene blue.

5.5.2 Principle

Methylene blue is converted into its colourless derivative by the reducing activity
of viable yeast cells. Dead yeast cells will be stained blue.

Viability is calculated from the ratio between the number of viable cells and the
total number of cells. The method overestimates “real” viability when viable cells
are less than 80%, because it does not distinguish between “live” cells and their
ability to reproduce (Viable But Not Culturable cells).

If the sugar concentration is higher than 100 g/I, most cells are light blue,
therefore this method is not recommended.

If wine has low pH and is strongly buffered, the dye cannot work properly. In
this case the count must be applied at least to the first decimal dilution.

5.5.3 Reagents and materials

Solution A: Methylene blue distilled water solution, 0.1 g/500 ml.

Solution B: KH,PO,, distilled water solution, 13.6 g/500 ml.

Solution C: Na,HPO, x 12 H,0 distilled water solution, 2.4 g/100 ml

Solution D: 498.75 ml Solution B + 1.25 ml solution C.

Solution E: Mix the 500 ml of solution D with 500 ml solution A to give final
buffered methylene blue solution, with pH approximately 4.6.

5.5.4 Installations and equipment

Microscope, 250-500 x magnifications. Phase contrast is contraindicated.
Microscope slides and cover slips, or haemocytometer (Thoma, Birker or
Neubauer chamber).

Test tube and stirring rod.

Pipettes, fine tips.
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5.5.5 Examination techniques

Viability determination

Dilute the suspension of yeast with methylene blue solution in a test tube until
the suspension has approximately 100 yeast cells in a microscopic field. Place a
small drop of well-mixed suspension on a microscope slide and cover with a
cover slip. Examine microscopically using a magnification of 400 x within 10
minutes contact with the stain.

Count a total of 400 cells (T), noting the number of blue coloured (C) dead,
broken, shrivelled and plasmolyzed cells. Budded yeast cells are counted as one
cell if the bud is less than one half the size of the mother cell. If the bud is equal
or greater than one half the size of the mother cell, both are counted. Cell
stained light blue should be considered alive.

5.5.6 Expression of results
If T is the total cell number and C the blue coloured cell nhumber, then the

x100

percentage of viable cells is

5.5.7 References
European Brewery Convention. Analytica Microbiologica — EBC. Fachverlag Hans
Carl, 2001

6. COUNTING OF MICRO-ORGANISMS BY CULTURE

Objective:

The purpose of counting of microorganisms by culture is to evaluate the level of
contamination of the sample, that is to say, to estimate the quantity of viable
microorganisms. According to the culture media used and the culture conditions,
four types of microorganisms can be counted, namely, yeasts, lactic bacteria,
acetic bacteria and mould.

Principle:

Enumeration by culture is based on the fact that micro-organisms are able to
grow in a nutrient medium and incubation conditions suitable to form colonies
on the medium solidified by agar, or turbidity in a liquid medium. On an agar
medium a cell produces bv proliferation a cluster of cells visible to the naked eye
called colony.

6.1 Detection, differentiation and enumeration of microorganisms (plate
count).

6.1.1 Scope

This standard gives general guidance for the enumeration of viable yeasts, moulds
and lactic or acetic bacteria in musts, concentrated musts, partially fermented
musts, wines (including sparkling wines) during their manufacture and after
bottling, by counting the colonies grown on a solid medium after suitable
incubation. The purpose of microbiological analysis is to control the winemaking
process and prevent microbial spoilage of musts or wines.
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6.1.2 Terms and definitions
The terms “plate” and “Petri dish” are used as synonyms.
CFU = Colony Forming Units.

6.1.3 Method

The number of viable microorganisms present in musts or wines is determined
by spreading a small known volume of sample on the surface of a culture
medium or adding it as per the incorporation method (see par. 95 6.1.7.4), and
incubating the plates for the required time in the better conditions for the
growth of the microorganisms. Each cell, or cluster of cells, divides and gathers
into a cluster and becomes visible as a colony. The number of colonies found on
the surface of a plate states for the cells occurring in the original sample so that
the results are reported as CFU. If the number of cells in a sample is supposed
to be high, suitable serial decimal dilutions are performed in order to obtain
colonies ranging from 4+5-10 to 300 per plate. If the number of CFU in a sample
is supposed to be low, they are collected on the surface of a sterile 0.45 to 0.88
pum filter for yeasts of 0.22 to 0.45 pym and for bacteria, which is then placed in the
Petri dish on the surface of the culture medium.

The measuring range of this method rises from < 1 CFU/(analyzed volume) to
10° CFU/ml or 10%° CFU/g in the original sample.

6.1.4 Reagents and materials

As indicated in paragraph 1 of the resolution, plus:

- Tubes (16x160 mm or similar) containing 9 ml sterile peptone water
(Tryptone: 1 g/lI) or other diluents to be used for serial sample dilutions (Appendix
4). An indicative number of tubes required for the following samples is reported
below:

Unfermented musts: 4 / sample.
Fermenting musts: 7 / sample.
Wines in storage: 2 / sample.

- Micropipette holding sterile tips: 1 ml and 0.2 ml.

- L-shaped or triangular-shaped bent glass rods (Drigalski rods) or plastic
spreaders.

- 90-mm diameter Petri dishes (56 cm?) (with 15-20 ml of growth medium)
for pour plate technique, and 90-mm or 60-mm diameter plates (with 6-8ml of
growth medium)for membrane filter technique, filled 18-24 h in advance with 15-20
ml of culture medium (simple or double dishes are required for each sample
tested):

- For yeasts counts use: YM, YEPD, WL Nutrient Agar, YM Agar or TGY
Agar. If searching non-Saccharomyces yeasts, Lysine Agar and WL Differential
Agar plates (AppendixAppendix 5, culture medium) or equivalent if validated.

- For acetic acid bacteria counts use: GYC agar, G2 or Kneifel medium
(AppendixAppendix 5, culture medium) or equivalent if validated

- For lactic acid bacteria counts use: MRS plus 20% tomato (or apple- or
grape-) juice, or modified ATB Agar (medium for Oenococcus oeni), or TIB plus
agar, or Milieu Lafon-Lafourcade, milieu 104, MTB agar (AppendixAppendix 5
culture medium) or equivalent if validated

- For filamentous fungi counts use Czapek-Dox modified agar, DRBC agar
or MEA added with tetracycline (100 mg/l) and streptomycin (100 mag)l).
(Appendix 5 culture medium) or equivalent if validated
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- Antibiotics must be added in order to make the counting selective since
all the microorganisms are together in wine.(see Appendix I culture media)

6.1.5 Installations and equipment
As indicated in paragraph 2 of the resolution.

6.1.6 Sampling

As indicated in paragraph 3 of the resolution

The following amounts of samples are required for the plate counting:

Must, or fermenting must or wine in storage: not less than 250 ml;

Bottled or packed wine: not less than one unit,
whatever the capacity;

6.1.7 Examination techniques

6.1.7.1 Preliminary requisites

All the materials and equipments used in the tests must be sterile, and aseptic
condition must be kept during all operations.

The laminar flow cabinet must be switched on 5 minutes before starting the work,
in order to have a sterile and stable air flow.

6.1.7.2 Sterilization

Culture media must be sterilized in autoclave at 121°C for at least 15 minutes
(20 minutes for large volumes). Single-use sterile materials and glassware must
be opened and used under laminar flow cabinet. Tweezers and spreading devices
must be immersed in ethanol and flamed before use. Stainless steel funnels
must be flamed with ethanol after each use, while glass- and polycarbonate
funnels must be autoclaved before use, so these ones must be available in the
same number as the tested samples.

6.1.7.3 Sample dilution (Appendix 1)

One ml of sample is pipetted in a sterile 9 ml peptone water tube. The tube is
stirred with the aid of a “vortex” shaker for 20 seconds. This is the first (decimal)
dilution, from which 1 ml is transferred to the next 9-ml sterile peptone water tube,
which is the second dilution. After 20 seconds shaking, the operation is repeated
until necessary.

The indicative number of serial dilutions required for the following samples is
reported below:

Unfermented musts: 4 decimal
dilutions.

Fermenting musts: 7 decimal
dilutions.

Unfiltered wines during ageing (Yeast counts): 2 decimal
dilutions.

Unfiltered wines during ageing (Lactic Acid Bacteria counts) : 6 decimal
dilutions.

Filtered wines or packed (bottled) wines No
dilution.
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Concentrated musts Dilute 10 ml in 100 ml peptone water (or 100ml in
1000ml).

Bottled or filtered wines, and concentrated musts after dilution in sterile peptone
water, are analyzed with membrane filter technique.

6.1.7.4 Plating

The necessary serial dilutions are prepared for the number of samples to be plated.
Multiple serial dilutions can be prepared, if many samples have to be plated, but
any dilution must be plated within 20 minutes.

Inoculate each plate with 0.1 or 0.2 ml of the three lowest dilutions prepared, as
follows:

Unfermenting musts dilutions -2; -3; -4.
Fermenting musts dilutions -5; -6; -7.
Unfiltered wines during ageing dilutions 0; -1; -2.

In doubt, inoculate a higher number of dilutions, never a lower.

Under aseptic conditions (preferably under a laminar flow cabinet) spread the
sample on the surface of the culture media before the liquid is absorbed (usually
within 1-2 minutes) with a sterile bent glass rod (Drigalski rods) or a single-use
one. A separate “hockey stick” must be used for each plate, or the plate must be
spread starting with the most diluted sample and proceeding to the least dilute
ones. Leave the plates some minutes under sterile air flow, until the liquid is
absorbed.

Note 1: Plating 0.,2 ml instead of 0.1 ml, as frequently reported, allows an
easier spreading and a delayed one. Calculations must consider this.

Note 2: For the enumeration of yeast Bacterial growth is avoided by adding 50
mg/l chloramphenicol (or equivalent if validated) to growth media, after
autoclaving it, and the mold by adding biphenyl 150mg/L (or equivalent if
validated).

Note 3: For the enumeration of lactic acid bacteria, yeasts growth is prevented
by the addition of natamycin (pimaricin) (0.1 g/L) (or equivalent if validated)
and acetic bacteria by anaerobic incubation.

Note 4: For the enumeration of acetic bacteria, the growth of yeast is prevented
by the addition of natamycin (pimaricin) (0.1 g/L) (or equivalent if validated)
and that of lactic acid bacteria with the addition of penicillin (12.5 mg/L) (or
equivalent if validated) .

The addition of antibiotics is done after the autoclave sterilization.

If a specific research of non-Saccharomyces yeast is performed, inoculate as
previously described, three Lysine Agar plates and three WL Differential Agar plates
with the appropriate dilutions

- Incorporation method (alternative method).
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Prepare and sterilize 15 ml of medium in tubes, and keep the tubes in a water bath
(or equivalent if validated) at 47+1°C.

Pour 1 ml of sample or dilution in an empty Petri dish.

Add 15 ml culture medium and stir gently the Petri dish, so as to obtain a
homogeneous distribution of microorganisms within the mass of the medium.

Allow to cool and solidify by placing the Petri dishes on a cool horizontal surface
(the solidification time of the agar shall not exceed 10 min).

6.1.7.5 Enumeration with concentration by membrane filtration

Membrane porosity must be 0.45 or 0.8 ym for yeast counting; 0.2 or 0.45 pm for
counting bacteria. Membrane surface must be preferably be cross-hatched, in order
to facilitate the colony counting.

The plates, on which the membranes are put, can contain an agar nutrient medium
or a pad, in which the dry medium is dispersed, that must be soaked with sterile
water just before the use. Some suppliers give sterile plates containing a sterile
pad, on which the content of 2-ml of single-use sterile liquid medium is poured just
before the use.

Aseptically assemble the filtration equipment, sterilize the funnel according to 9.2,
and connect to the vacuum-producing system.

Dip the tweezers in ethanol and flame them: when the flame is extinguished, wait
some seconds and put the membrane, with the tweezers, on its holder of the
filtration unit.

Before opening the bottle, shake it well; dip the bottleneck upside-down in ethanol
(1-2 cm) and flame to sterilize it.

Of each sample sample three amounts: 10 ml with a sterile 10-ml pipette,
100 ml with a sterile cylindrical 100-ml pipette, and the rest direct from
the bottle, if possible. To filter the wine, pour the wine into the funnel.
When the desired amount of wine has been filtered, release the vacuum, flame the
tweezers, open the funnel, keep the membrane with the tweezers, put its opposite
edge on the solid medium of a plate and make it adhere to the medium surface,
avoiding bubble formation beneath.

6.1.7.6 Sample incubation

Incubate the plates, upside-down, aerobically 4 days at 25 £ 2 °C, for yeast or
for acetic acid bacteria. If temperature is < 23°C extend incubation one more
day, if temperature is < 20°C extend three more days. The maximum
temperature must not exceed 28°C.

In case of performing Brettanomyces (or Dekkera) yeast counts, increase twofold
the incubation time.

In case of performing LAB count, put the plates in an anaerobic jar or bag, and
incubate the plates upside-down 10 days at 30 £ 2 °C. If temperature is < 28°C
extend incubation one more day, if it is < 25°C extend three more days. The
maximum temperature must not exceed 33°C.

6.1.8 Expression of results

6.1.8.1 Counting yeast colonies and bacteria.

Count the colonies grown in 4 days for the yeast and acetic acid bacteria (8 days
for Brettanomyces/Dekkera yeasts), and 10 days for lactic bacteria, if necessary
with the aid of a colony counter, ignoring the different colony morphology if
performing a total yeast count, or considering it, if required.
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The media and incubation conditions are specific enough for it ti be possible to
count the different types of micro-organisms in the colonies visible to the naked
eye.

6.1.8.2 Calculation of results.

The most reliable results come from counting plates containing from 10 to 300
colonies (ISO 7218:2007 - Microbiology of food and animal feeding stuff - General
rules for microbiological examinations).

Calculate the number N of microorganisms present in the test sample as a weighted
mean from two successive dilutions using the following equation:

No 28
V x11xd

where:

ZC is the sum of colonies counted on the two dishes retained from two

successive dilutionns, at least one of which contains a minimum of 10 colonies.
V is the volume of the inoculum placed in each dish, in millilitres.

d is the dilution corresponding to the first dilution retained [d=1 when the
undiluted liquid product (test sample) is retained].

In other words, if plates from two consecutive decimal dilutions contain 10-300
colonies, compute the number of CFU/mlI for each dilution, and then the average of
the two values: this is the CFU/ml value of the sample. If one value is greater than
the double of the other, keep the lower one as CFU/ml.

Round off the results to two significant figures only at the time of conversion to
CFU/ml, and express the results as a number between 1,0 and 9,9 multiplied by the
appropriate power of 10 (ISO 7218:2007 - Microbiology of food and animal feeding
stuff - General rules for microbiological examinations).

If samples were inoculate in duplicate series, and one or two plates, inoculated with
the same dilution, contain colonies, compute the average of the number of colonies
and multiply by the reciprocal of the dilution factor, to obtain the number of
CFU/ml.

If there is no plate containing 10-300 colonies, and all plates contain more than 300
colonies, count the less crowded ones. If they contain less than 10 colonies/cm?2,
count 12 squares of 1 cm? and multiply the average by 56 (the area of a 90-mm
diameter plate); if colonies are more crowded, count 4 squares of 1 cm? and
multiply the average by 56. Express the results as “Estimated CFU/ml”. Do not
express the results as TNTC (Too numerous to count) whenever possible.

If the only plates containing colonies contains less than 10 colonies, but at least 4,
calculate the result as given in the general case, and report it as “Estimated
CFU/ml".

If the total is from 3 to 1, the precision of the result is too low, and the result shall
be reported as “(the searched microorganisms) are present but less than 4 x d
CFU/ml".
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If plates from all dilutions of any sample have no colonies, report the results as
“less than 1/d CFU/ml”, but consider the possible presence of inhibitors in the
sample.

When performing membrane filtration technique, express the results referring to
the amount of filtered liquid, e.g. CFU/bottle, CFU/100 ml, or CFU/10ml.

6.1.9 Uncertainity of measure

6.1.9.1 Criteria of controlling the results.

For each lot of medium, one plate is used as sterility control after sterilization.
One plate per each culture medium used during the tests, is left opened under
laminar flow cabinet during all operations, as a sterility check of the working
environment. That plate will be incubated as the inoculated ones.

Periodically, one sample is inoculated in double, and the experimental K, is
calculated with the following equation:

_1C, -G, |

JC,+C,

Kp

where C; and C; are the results of the two counts.

If Kp < 1.96 = 2.,0 the results are acceptable: the average of the two counts
can be used as the result.

If 2.0<Kp < 2.576 = 2.6 the difference of the two counts is critical, and must be
carefully evaluated before accepting the results as the average of the two
counts.

If Kp >2.6 the difference of the two counts is anomalous. The result is rejected
and the test must be repeated. In such event the person in charge of the
laboratory must examine all the results obtained after the last acceptable ones.

6.1.9.2 Uncertainty of measure

If the number of counted colonies in the countable plate is lower than 10, the result
is acceptable, but the population of colonies is considered to follow the Poisson
distribution. The 95% confidence level, and consequently the uncertainty of
measure, of the estimated count made on a single Petri dish, is reported in the
following table.

Number of. Confidence limit at 95% level Percent error of the limit *
colonies

Lower | Upper Lower | Upper
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1 <1 6 -97 457
2 <1 7 -88 261
3 <1 9 -79 192
4 1 10 -73 156
5 2 12 -68 133
6 2 13 -63 118
7 3 14 -60 106
8 3 16 -57 97
9 4 17 -54 90
10 5 18 -52 84
11 6 20 -50 79
12 6 21 -48 75
13 7 22 -47 71
14 8 24 -45 68
15 8 25 -44 65

* Compared to the microrganism count (1% column)

If the colony count is >10, the confidence limit at a p probability level is calculated
with the following equation:

C =G =K, VG,

where C; is the number of colonies on the plate, and K, is the coverage factor.
Usually the coverage factor is 2, or 1.96. C value is calculated from each plate
and multiplied by the number of dilutions, together with the result of the count.

6.2. Culture in liquid medium- "Most Probable Number" (MPN)

6.2.1 Objective

The purpose of this technique is to evaluate the number of viable
microorganisms in wines having high contents of solid particles in suspension
and/or high incidence of plugging.

6.2.2 Principle

This technique is based on the estimation of the number of viable
microorganisms in liquid medium, starting from the principle of its normal
distribution in the sample.

6.2.3 Diluents and liquid culture media (see Appendices 4 and 5)

6.2.4 Operating method

Several quantitative and successive solutions are prepared and following this,
after incubation, a certain proportion of tests will not lead to any growth
(negative tests), while others will begin to grow (positive tests). If the sample
and the dilutions are homogeneous, and if the number of dilutions is sufficiently
high, it is possible to treat the results statistically, using suitable tables (tables
based on McCrady's probability calculations), and to extrapolate this result to
the initial sample.

6.2.5 Preparation of dilutions

Starting from a sample of homogenized wine, prepare a series of decimal
dilutions (}/10) in the diluent.
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Take 1 mL of wine and add to 9 mL of diluent in the first tube. Homogenize.
Take 1 mL of this dilution to add to 9 mL of diluent in the second tube. Continue
this dilution protocol until the last suitable dilution, according to the presumed
microbial population, using sterilized pipettes for each dilution. The dilutions
must be made until extinction, i.e. the absence of development in the lowest
dilutions (appendix 2).

6.2.6 Preparation of inoculations

Inoculate 1 mL of wine and 1 mL of each of the prepared dilutions, mixed at the
time, in, respectively, 3 tubes with the appropriate culture medium (appendix
5). Mix thoroughly.

Incubate the inoculated tubes in the incubator at 25°C for yeasts (3 days, up to
10 days), under aerobic conditions, and for lactic bacteria, under anaerobic or
microaerophilic conditions (8 days, up to 10 days), making periodic observations
up to the last day of incubation.

6.2.7 Results

All those tubes that show a microbial development leading to the formation of a
whitish deposit, more or less evident and/or with a more or less marked
disturbance are considered as positive. The results must be confirmed by
observation through a microscope. Specify the incubation period.

The reading of the tubes is made by noting the number of positive or negative
tubes in each combination of three tubes (in each dilution). For example, "3-1-
0" signifies: 3 positive tubes in the 10° dilution (wine), 1 in the 107! dilution and
zero in the 107 dilution.

For a number of dilutions higher than 3, only 3 of these results are significant.
To select the results allowing for the determination of the "MPN", it is necessary
to determine the "typical number" according to the examples in the following
table:
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Table:
Number of positive tubes for each dilution Typical number
Example| 10 10 10 10 10 3-1-0
a 3 3 3 1 0 3-2-0
a 3 3 2 0 0 3-2-1
a 3 2 1 0 0 3-0-1
a 3 0 1 0 0 3-2-3
b 3 2 2 1 0 3-2-3
b 3 2 1 1 0 3-2-2
C 2 2 2 2 0 2-2-2
d 0 1 0 0 0 0-1-0

Examplea: take the greatest dilution for which all the tubes are
positive and the two following ones.

Example b : if a positive result is achieved for a dilution that is bigger
than the last chosen dilution, it must be added.

Examplec: if no dilution achieves three positive tubes, take the
dilutions that correspond to the last three positive tubes.

Exampled: instance of a very small number of positive tubes. Choose
the typical number so that the positive dilution is in the ten’s
row.

Adapted from Bourgeois, C.M. and Malcoste, R. in : Bourgeois,
C.M. et Leveau, J.Y. (1991).

Calculation of the Most Probable Number (MPN)

Taking account of the typical number obtained, the MPN is determined through
Table A (Appendix 3) based on McCrady's probability calculations, considering
the dilution made. If the dilution series is 10° ; 10! ; 102 the reading is direct.
If the dilution series is 10%; 10% 10! the reading is 0.1 times this value. If the
dilution series is 10™'; 10%; 103; the reading is 10 times this value.

Comment:

If there is a need to increase the sensitivity, a concentration 10! of wine can be
used. To obtain this concentration of microorganisms in 1 mL, centrifuge 10 mL
of wine and take 1 mL of deposit (after having taken 9 mL of excess liquid) and
inoculate according to the previously described method.

6.2.8 Expression of Results

The microorganism content of wine must be expressed in cells per mL, in
scientific notation to one decimal place. If the content is lower than 1.0 cells per
mL, the result must be presented as "<1.0 cells per/mL".

(See annexes on following pages)
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Annex 1
Preparation of dilutions and inoculations
Dilution 1mL 1mL

Dilution obtained  10° 10°

Inoculation of dishes /\ /\ /\ /\ A

OO0 OO OO OO OO

Quantity of sample

Appendix 2

Preparation of dilutions and inoculations
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Appendix 3

TABLE A

"Most Probable Number" (MPN) for 1 mL sample utilizing 3 tubes
with 1 mL, 0.1 mL et 0.01 mL

Positive tubes Positive tubes Positive tubes

1 0,1 0,01 MPN 1 0,1 0,01 MPN 1 0.1 0,01 MPN
mL mL mL 1 mL mL mL mL 1 mL mL mL mL 1 mL
0 0 0 0,0 2 0 2 2,0 1 1 1 7,5
0 0 1 0,3 2 1 0 1,5 3 1 2 11,5
0 1 0 0,3 2 1 1 2,0 3 1 3 16,0
0 1 1 0,6 2 1 2 3,0 3 2 0 9,5
0 2 0 0,6 2 2 0 2,0 3 2 1 15,0
1 0 0 0,4 2 2 1 3,0 3 2 2 20,0
1 0 1 0,7 2 2 2 3,5 3 2 3 30,0
1 0 2 1,1 2 2 3 4,0 3 3 0 25,0
1 1 0 0,7 2 3 0 3,0 3 3 1 45,0
1 1 1 1,1 2 3 1 3,5 3 3 2 110,0
1 2 0 1,1 2 3 2 4,0 3 3 3 >140,0
1 2 1 1,5 3 0 0 2,5

1 3 0 1,6 3 0 1 4,0

2 0 0 0,9 3 0 2 6,5

2 0 1 1,4 3 1 0 4,5

Adapted from the “ Standard Methods for the Examination of Water and Waste Water ” (1976)
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Appendix 4

Diluents:

Diluents are indicated by way of example. The water to be used must be
distilled, double distilled or deionized, with no traces of metals, inhibitors or
other anti- microbial substances.

1. Physiological water
Preparation: Weigh 8.5g of sodium chloride in a 1000 mL calibrated flask. After
it has dissolved in the water, adjust the reference volume. Mix thoroughly.
Filter. Distribute 9 mL in the test tubes. Stop with carded cotton and autoclave
for 20 min at 121°C.

2. Ringer's solution 1/4

Preparation: Weigh 2.250g of sodium chloride, 0.105g of potassium chloride,
0.120g of calcium chloride (CaCl2.6H20) and 0,050g of sodium hydrogen
carbonate in a 1000 mL calibrated flask. After it has dissolved in water, make up
to the mark. Mix thoroughly. Distribute 9 mL in the test tubes. Stop with carded
cotton and autoclave for 15 min at 121°C. (This solution is available
commercially)

3. Peptone water

Preparation: Weigh 1g of peptone in a 1000 mL calibrated flask. After it has
dissolved in the water, adjust the reference volume. Mix thoroughly. Distribute 9
mL in the test tubes. Stop with carded cotton and autoclave for 20 min at
121°C.
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Appendix 5

Culture media

Culture media and antimicrobials are indicated by way of example.

The water to be used must be distilled, double distilled or deionized with no
traces of metals, inhibitors or other antimicrobial substances.

1. Solid culture media
If not otherwise stated, pH of all media should be adjusted to pH 5.5 -6.0

1 MEDIA FOR YEAST COUNT

1.1 YM
Glucose 50g
Peptone 5g
Yeast extract 3 g
Malt extract 34
Agar-agar 20g
Water: upto 1000 ml

If necessary add 100 mg chloramphenicol to suppress bacterial growth and 150
mg biphenyl to suppress mould growth.

1.2 YEPD
Glucose 20g
Peptone 20g
Yeast extract 10 g
Agar-agar 20g
Water: up to 1000 ml

If necessary add 100 mg chloramphenicol to suppress bacterial growth and 150
mg biphenyl to suppress mould growth.

1.3 WL Nutrient Agar

Glucose 50g
Peptone 5g
Yeast extract 49
Potassium phosphate monobasic (KH,PO,) 0.55¢
Potassium chloride (KCI) 0.425¢
Calcium chloride (CaCl,) 0.125¢g
Magnesium sulphate (MgSO,) 0.125¢g
Ferric chloride (FeCl3) 0.0025 g
Manganese sulphite (MnSQO,) 0.0025¢g
Bromcresol green 0.022 g
Agar bacteriological 12 g
Water: up to 1000 ml
pH 5.5

WL Differential agar is made by adding 4 mg/l cycloheximide to WL Nutrient
Agar.

OIV-MA-AS4-01 : R2010 25



COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS - OV
Microbiological analysis of wines and musts

If necessary add 100 mg chloramphenicol to suppress bacterial growth.

1.4 Lysine Agar ASBC

Solution A:
Yeast Carbon Base 2.35¢g
Water: up to 100 ml

Sterilize by membrane filtration.

Solution B:
Lysine-HCI 0.5¢g
Agar agar 449

Water: upto 100 ml
Sterilize in 20 min. at 121 <.
If necessary add 100 mg chloramphenicol to suppress bacterial growth.
2 MEDIA FOR LACTIC ACID BACTERIA COUNT

2.1 M.R.S. + tomato (or apple) juice.

Glucose 20g
Peptone 10g
Beef extract 8g
Yeast extract 49
Potassium phosphate, dibasic (KH,PO,) 249
Sodium acetate - 3H,0 59
Ammonium citrate 24g
Magnesium sulphate - 6H,0 0.2g
Manganese sulphate - 4H,0 0.05g
"Tween 80" 1ml
Agar agar 12 g
Tomato (or apple, or grape) juice 200 ml
Water up to 1000 ml

Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, after
autoclaving, just before use.

2.2 Tomato Juice Agar

Tomato juice (dry extract from 400 ml) 20g
Peptone 10g
Peptonized milk 10g
Agar-agar 14 g
Water 1000 ml
pH 6.1

Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, after
autoclaving, just before use.

2.3 Modified ATB medium, or Oenococcus oeni medium (formerly Leuconostoc
oenos medium).

Solution A:
Glucose 10 g
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Yeast extract 5g
Peptone 10g
Magnesium sulphate 0.2 g
Manganese sulphate  0.050 g
Tomato juice (or apple juice or grape juice) 250 ml
Agar agar 12 g
Water 750 ml
Sterilize by autoclaving 20 min. at 121°C.

Solution B:
Cysteine HCI 1g
Water: upto 100 ml
pH 4.8
Sterilize by membrane filtration.
Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, just before
use.

Add 1 ml of solution B to 20 ml of solution A at the moment of use

2.4 Lafon-Lafourcade medium
Glucose 20g
Yeast extract 5g
Beef extract 10g
Peptone 10g
Sodium acetate5 g
Tri-ammonium citrate 2 g

Magnesium sulphate - 6H,0 0.2g
Manganese sulphate - 4H,0 0.05¢
"Tween 80" 1 ml

Agar-agar 20 g

Water: upto 1000 ml

pH 5.4

Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, after
autoclaving, just before use.

2.5 Dubois medium (Medium 104)
Tomato juice 250 ml
Yeast extract 5g
Peptone 5g
Malic acid 3g
Magnesium sulphate - 6H,0
Manganese sulphate - 4H,0
Agar-agar 20 g
Water: upto 1000 ml
pH 4.8

Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, after

autoclaving, just before use.

0.05¢
0.05¢
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2.6 MTb.

Glucose 15¢
Lab-Lemco Powder (Oxoid) 8g
Hydrolyzed casein 1g
Yeast extract 5g
Tomato juice 20 ml
Sodium acetate 3g
Ammonium citrate 29
Malic acid 69
Magnesium sulphate 0.2g
Manganese sulphate 0.035g
"Tween 80" 1 mg
TC Vitamins Minimal Eagle, 100x (BD-Difco) 10 ml*
pH (con KOH) 5.0
Water up to 1000 ml

* add after sterilization.
Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, after
autoclaving, just before use.

3 MEDIA FOR ACETIC ACID BACTERIA COUNT

3.1 GYC
Glucose 50g
Yeast extract 10g
Calcium carbonate (CaCO3) 30 g

Agar 25¢

Water: upto 1000 ml
Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, and 12.5
mg/L of penicillin to eradicate the growth of lactic acid bacteria, after
autoclaving, just before use.

3.2 Medium G2

Yeast extract 1.2 g
Ammonium phosphate 2 g
Apple juice 500 ml
Agar 20g
Water: up to 1000 ml
pH 5.0

Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, and 12.5
mg/L of penicillin to eradicate the growth of lactic acid bacteria after
autoclaving, just before use.

3.3 Kneifel medium
Yeast extract 30g

Ethanol 20 ml*
Agar 20g
Bromocresol green 2.2% 1mL
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Water: upto 1000 ml
* to be added after sterilization.
Add 100mg / L natamycin (pimaricin) to inhibit the growth of yeasts, and 12.5
mg/L of penicillin to eradicate the growth of lactic acid bacteria after
autoclaving, just before use.
Blue colonies: Acetobacter, Gluconacetobacter
Green colonies: Gluconobacter

4 MEDIA FOR MOULD COUNT

4.1 Czapek-Dox, Modified
Sucrose30 g
NaNO; 3
K;HPO4 1
MgSO, 0.
KCl 0
FeSO, 0
Agar 15¢g
Final pH (at 25°C) 7.3 £ 0.2

Add 10 mg/Il cycloheximide to suppress yeast growth (cycloheximide-resistant

yeast growth is usually slower than mould growth).

Note: This medium allows the growth only of nitrate-growing moulds.

Add tetracycline (100 mg/l) and streptomycin (100 mg/l) to suppress growth of

bacteria.

4.2 Dichloran Rose Bengal Chloramphenicol Agar (DRBC Agar)

Glucose 10 g
Peptone 5g
KH,PO4 1lg
MgSO, 0.5¢

Rose Bengal 0.025g
Dichloran (2,6 dichloro-4-nitroaniline) 0.002g
Chloramphenicol solution (0.1 g/10ml)* 10 ml
Agar 15g
Final pH (at 25°C) 5.6 £ 0.2

* To be added after sterilization.

4.3 Malt Extract Agar (MEA)

Glucose 20g
Malt extract 20g
Peptone 5g

Agar 15g¢

Final pH (at 25°C) 5.5 £ 0.2
Add tetracycline (100 mg/l) and streptomycin (100 mg/l) to suppress growth of
bacteria.
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2. Liquid culture media

2.1. For yeasts
YEPD medium (Yeast Extract, Peptone, Dextrose) + chloramphenicol

Preparation: Weigh 10.0g of yeast extract (Difco or equivalent), 20g of peptone,
20g of glucose and 100 mg of chloramphenicol. Dissolve, make up to 1000 mL
volume with water and mix.

Distribute 5 mL portions of this medium in the test tubes and autoclave for 15
minutes at 121°C.

2.2. For lactic bacteria
MTJ medium (50% MRS medium "Lactobacilli Man Rogosa and Sharpe
Broth" + 50% TJB medium "Tomato Juice Broth") + actidione

Preparation: Weigh 27.5g of MRS "Lactobacilli Man Rogosa and Sharpe Broth"
(Difco or equivalent). Add 500 mL of water, heat to boiling to permit complete
dissolution and add 20.5g of TIB "Tomato Juice Broth" (Difco or equivalent). Add
50g of actidione. Dissolve with water in order to obtain 1000 mL of solution
having first corrected the pH to 5 with 1N hydrochloric acid and mix.

Distribute 10 mL portions of this medium?® in the tubes and autoclave for 15
minutes at 121°C.

3) The 10 mL volume is used instead of the 5 mL volume as with yeasts, due to the
greater sensitivity of lactic bacteria to oxygen.
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APPENDIX 6: RECOGNITION OF SPECIFIC MICROORGANISMS
6.1 Yeast colony recognition on WL Nutrient Agar.

The use of this medium does not want to be a method to identify species, but
can offer to non-specialized laboratories a quick and cheap way to predict the
genus of viable and culturable yeasts. After 4-days incubation evaluate the
colony morphology as follows (Pallman, C., J. B. Brown, T. L. Olineka, L.
Cocolin, D. A. Mills and L. F. Bisson. 2001. Use of WL medium to profile native
flora fermentations. American Journal of Enology and Viticulture 52:198-203; A.
Cavazza, M. S. Grando, C. Zini, 1992. Rilevazione della flora microbica di mosti
e vini. Vignevini, 9-1992 17-20):

- Saccharomyces spp.: Colonies grow well in 4 days on WL Nutrient Agar
giving circular cream-coloured to pale greenish colonies. Different colour shades
do not necessary indicate the presence of different strains, but the presence of
petite mutants; colonies are umbonated, smooth and dull surface, the
consistency is butyrous. It doesn’t grow on Lysine Agar.

- Torulaspora spp.: the colonies are similar to those of Saccharomyces
spp. It grows on Lysine Agar.

- Hanseniaspora spp. (Kloeckera spp.) Grows on WL Nutrient Agar in 4
days, giving deep green flat, smooth and butyrous colonies. It grows on Lysine
Agar and on WL Differential Agar.

Candida stellata Grows on WL Nutrient Agar in 4 days, giving pea-
green, smooth and butyrous colonies, becoming darker in the centre with the
age. It grows on Lysine Agar.

- Saccharomycodes spp.Grows on WL Nutrient Agar in 4 days, giving
light green, smooth and butyrous convex colonies. It grows on Lysine Agar, not
on WL differential agar.

Note: its cells, viewed under the microscope, are very large (up to 25 um).

- Schizosaccharomyces pombe Grows on WL Nutrient Agar in 4 days,
giving deep green pinpoint size, smooth colonies. It grows on Lysine Agar.

Note: its cells, under the microscope are easily recognised because of typical
scission division.

- Rhodotorula spp. Grows on WL Nutrient Agar in 4 days, giving deep
pink, smooth and mucous surface and butyrous colonies. It grows on Lysine
Agar.

- Metschnikowia spp. Grows on WL Nutrient Agar in 4 days, giving
clear, smooth and butyrous little colonies. A reddish pigment diffuses in the
medium below the colonies. It grows on Lysine Agar.

- Pichia membranifaciens Grows on WL Nutrient Agar in 4 days, giving
greyish- or bluish-shaded rough and powdery convex colonies. It grows on
Lysine Agar.

- Pichia anomala (formerly Hansenula anomala) grows on WL Nutrient
Agar in 4 days, giving cream-colored or bluish colonies, distinctly bluish after 8
days. Colonies are circular, the surface is smooth and the consistency is
butyrous, but sometimes clearly mucous. It grows on Lysine Agar.

- Dekkera spp. or Brettanomyces spp. Grows on WL Nutrient Agar in 8
days, giving small dome-shaped, cream-coloured, smooth and butyrous
colonies. It produces high amounts of acetic acid, clearly perceivable by smell
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that turns the medium to yellow. It grows on Lysine Agar and on WL Differential
Agar. The growth on this last medium makes it possible to distinguish it from
Zygosaccharomyces bailii.

Note: a confirmation is possible with microscopical examination: Dekkera has
small cells, some of them have a typical ogival shape.

- Zygosaccharomyces bailii Grows on WL Nutrient Agar in 4 days,
giving small circular cream-coloured, smooth and butyrous colonies. It grows on
Lysine Agar but not on WL Differential Agar. A yellowish halo is often present
around young colonies.

Note: when grown on bottled wine it produces brown 0,5-1 mm clusters. Its
cells do not have ogival shape.

- Acetic acid bacteria grow on WL Nutrient Agar with small to pinpoint-
size deeply green and brilliant colonies that are strongly positive to catalase
test. (Note — This medium is not suitable for their count).

- Lactic Acid Bacteria grow on WL Nutrient Agar in 10 days with pinpoint
size clear catalase-negative colonies. (Note — This medium is not suitable for
their count).

6.2 Lactic Acid Bacteria colony recognition.

LAB colonies are translucent and range in size from a pinpoint to a few mm in
diameter. They are gram-positive and catalase-negative. Oenococcus oeni grow
in short chains, pediococci form tetrads and diplococci, lactobacilli form long or
short bacilli.

6.3 Acetic Acid Bacteria colony recognition.