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OIV-MA-BS-03 Reference method for the determination of real
alcoholic strength by volume of spirit drinks of viti-vinicultural
origin: measurement by pycnometry
Type II method

Principle1.

The  alcoholic  strength  by  volume  is  obtained  from  the  density  of  the  distillate
measured by pycnometry.

Reagents and Materials2.

During  the  analysis,  unless  otherwise  is  stated,  use  only  reagents  of  recognised
analytical grade and water of at least grade 3 as defined in ISO 3696:1987.
2.1. Sodium chloride solution (2 % w/v)
To prepare 1 litre, weigh out 20 g sodium chloride and dissolve to 1 litre using water.

Apparatus and Equipment3.

Usual laboratory apparatus and in particular the following.
3.1. Analytical balance capable of reading 0.1 mg.
3.2. Thermometer, with ground glass joint, calibrated in tenths of a degree from 10 to

30  °C.  This  thermometer  must  be  certified  or  checked  against  a  certified
thermometer.

3.3. Pyrex glass pycnometer of approximately 100 ml capacity fitted with a removable
ground-glass thermometer (A.3.2).  The pycnometer has a side tube 25 mm in
length and 1 mm (maximum) in internal diameter ending in a conical ground joint.
Other  pycnometers  as  described  in  ISO  3507  e.g.  50  ml  may  be  used  if
appropriate.

3.4. A tare bottle of the same external volume (to within 1 ml) as the pycnometer and
with a mass equal to the mass of the pycnometer filled with a liquid of density 1.01
(sodium chloride solution A.2.1).

3.5. Thermally insulated jacket that fits the body of the pycnometer exactly.
Note 1: The method for determining the densities in vacuo of spirits calls for the use of
a twin-pan balance, a pycnometer and a tare bottle of the same outside external
volume to cancel out the effect of air buoyancy at any given moment. This simple
technique may be applied using a single-pan balance provided that the tare bottle is
weighed again to monitor changes in air buoyancy over time.
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Procedure4.

Preliminary remarks:

The following procedure is described for the use of 100-ml pycnometer for
determination of the alcoholic strength; this gives the best accuracy. However,
it is also possible to use a smaller pycnometer, for example 50 ml.

4.1. Calibration of pycnometer
The pycnometer is calibrated by determining the following parameters:

tare of the empty pycnometer,

volume of the pycnometer at 20 °C,

mass of the water-filled pycnometer at 20 °C.
1.     Calibration using a single-pan balance

Determine:

the mass of the clean, dry pycnometer (P),

the mass of the water-filled pycnometer at t °C (P1)

the mass of the tare bottle (T0).
1.                      Weigh the clean, dry pycnometer (P).

2.                      Fill the pycnometer carefully with distilled water at
ambient temperature and fit the thermometer.

Carefully wipe the pycnometer dry and place it  in the thermally-insulated jacket.
Agitate by inverting the container until  the thermometer's temperature reading is
constant
Set the pycnometer flush with the upper rim of the side tube. Read the temperature t
°C carefully and if necessary correct for any inaccuracies in the temperature scale.
Weigh the water-filled pycnometer (P1).
4.1.1.3.                     Weigh the tare bottle (T0).
4.1.1.4.                     Calculation

Tare of the empty pycnometer = P - m

where m is the mass of air in the pycnometer.

m = 0.0012 x (P1 - P)
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Note 2: 0.0012 is the density of dry air at 20 °C at a pressure of 760 mm Hg

Volume of the pycnometer at 20 °C:

  = [P1 - (P - m)] x Ft

 where Ft is the factor for temperature t °C taken from Table I below.

  must be known to the nearest 0.001 ml.

Mass of water in the pycnometer at 20 °C :

  =  x 0.998203
 where 0.998203 is the density of water at 20 °C.
Note 3:  If  necessary,  the value 0.99715 of the density in air can be used and the
alcoholic  strength calculated with reference to  the corresponding density  in  HM
Customs and Excise tables in air.
4.1.2.    Calibration method using a twin-pan balance:
4.1.2.1.                     Place the tare bottle on the left-hand pan and the clean, dry

pycnometer with its collecting stopper on the right-hand pan. Balance them by
placing weights on the pycnometer side: p grams. ( p )

4.1.2.2.                     Fill the pycnometer carefully with distilled water at ambient
temperature and fit the thermometer; carefully wipe the pycnometer dry and
place it in the thermally insulated jacket; agitate by inverting the container until
the thermometer's temperature reading is constant.

Accurately adjust the level to the upper rim of the side tube. Clean the side tube, fit
the collecting stopper; read the temperature t °C carefully and if necessary correct for
any inaccuracies in the temperature scale.
Weigh  the  water-filled  pycnometer,  with  p'  the  weight  in  grams  making  up  the
equilibrium. (p' )
4.1.2.3.                     Calculation

Tare of the empty pycnometer = p + m

 where m is the mass of air in the pycnometer.
 m = 0.0012 x (p - p')

Volume of the pycnometer at 20 °C:

  = (p + m - p') x Ft

 where Ft is the factor for temperature t °C taken from Table I below.

 V20 °C must be known to the nearest 0.001 ml.
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Mass of water in the pycnometer at 20 °C:

  =  x 0.998203
 where 0.998203 is the density of water at 20 °C.
4.2. Determination of alcoholic strength of test sample
4.2.1.    Using a single-pan balance.
4.2.1.1.                     Weigh the tare bottle, weight T1
4.2.1.2.                     Weigh the pycnometer with the prepared distillate (see Annex I), P2

is its weight at t °C.
4.2.1.3.                     Calculation

dT = T1 - T0

Mass of empty pycnometer at moment of measuring

 = P - m + dT

Mass of the liquid in the pycnometer at t °C

 = P2 - (P - m + dT)

Density at t °C in g/ml

ρt °C= [P2 –(P - m + dT)]/V20 °C

 Express the density at t °C in kilograms per m3 by multiplying ρt °C by 1000, the value
being known as ρt.

Correct ρt to 20 using the table of densities ρT for water-alcohol mixtures in the
Manual of Analysis Methods for Wines of the OIV.

In the table find the horizontal line corresponding to temperature T in whole degrees
immediately below t °C, the smallest density above ρt. Use the table difference found
below that density to calculate the density ρt of the spirit at that temperature T in
whole degrees.

Using the whole temperature line, calculate the difference between density ρ' in
the table immediately above ρt and the calculated density ρt.  Divide that
difference by the table difference found to the right of density ρ'. The quotient
provides the decimal portion of the alcoholic strength while the integer of the
alcoholic strength is found at the top of the column in which density ρ' is found
(Dt, the alcoholic strength).
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Note 4:  Alternatively keep the pycnometer in a water bath maintained at 20 °C (± 0.2
°C) when making up to the mark.
4.2.1.4.                     Result
Using the density ρ20 calculate the real alcoholic strength using the alcoholic strength
tables identified below:
The table giving the value of the alcoholic strength by volume (% vol.) at 20 °C as a
function of the density at 20 °C of water-alcohol mixtures is the international table
adopted by the International Legal Metrology Organisation in its Recommendation no.
22.
4.2.2.    Method using a single-pan balance
4.2.2.1.                     Weigh the pycnometer with the distillate prepared (see part I), p" is

mass at t °C.
4.2.2.2.                     Calculation

Mass of the liquid in the pycnometer at t °C

 = p + m - p"

Density at t °C in g/ml

ρt °C = (p + m - p")/V20 °C

Express the density at t °C in kilograms per m3 and carry out the temperature
correction in order to calculate the alcoholic strength at 20 °C, as indicated
above for use of the single-pan balance.

Method performance characteristics (Precision)5.

 
5.1. Statistical results of the interlaboratory test
The following data were obtained from an international method performance study
carried out on a variety of spirit drinks to internationally agreed procedures.

Year of interlaboratory test 1997

Number of laboratories 20

Number of samples 6

Samples A B C
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Number of laboratories retained after eliminating
outliers

19 20 17

Number of outliers (Laboratories) 1 - 2

Number of accepted results 38 40 34

Mean value ( 23.77 40.04 40.29

26.51*

Repeatability standard deviation (sr) % vol. 0.106 0.176 0.072

Repeatability relative standard deviation (RSDr)  (%) 0.42 0.44 0.18

Repeatability limit ( r )  % vol. 0.30 0.49 0.20

Reproducibility standard deviation (sR) % vol. 0.131 0.236 0.154

Reproducibility relative standard deviation (RSDR)  (%) 0.52 0.59 0.38

Reproducibility limit ( R )   % vol. 0.37 0.66 0.43

Sample types
A Fruit liqueur; split level*
B Brandy; blind duplicates
C Whisky; blind duplicates

Samples D E F

Number of laboratories retained after eliminating
outliers

19 19 17

Number of outliers (Laboratories) 1 1 3

Number of accepted results 38 38 34

Mean value ( 39.20 42.24 57.03

42.93* 45.73* 63.03*
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Repeatability standard deviation (sr) % vol. 0.103 0.171 0.190

Repeatability relative standard deviation (RSDr)  (%) 0.25 0.39 0.32

Repeatability limit ( r )  % vol. 0.29 0.48 0.53

Reproducibility standard deviation (sR) % vol. 0.233 0.238 0.322

Reproducibility relative standard deviation (RSDR)  (%) 0.57 0.54 0.53

Reproducibility limit ( R )   % vol. 0.65 0.67 0.90

Sample types
D grappa;  split level*
E aquavit;  split level*
F rum; split level*
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