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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee has 
been established has the right to be represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 12779IDF 227 was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 5, 
Milk and milk products, and the International Dairy Federation (IDF). It is being published jointly by ISO and 
IDF. 
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Foreword 

IDF (the International Dairy Federation) is a non-profit organization representing the dairy sector worldwide. 
IDF membership comprises National Committees in every member country as well as regional dairy 
associations having signed a formal agreement on cooperation with IDF. All members of IDF have the right to 
be represented on the IDF Standing Committees carrying out the technical work. IDF collaborates with ISO in 
the development of standard methods of analysis and sampling for milk and milk products. 

The main task of Standing Committees is to prepare International Standards. Draft International Standards 
adopted by the Standing Committees are circulated to the National Committees for endorsement prior to 
publication as an International Standard. Publication as an International Standard requires approval by at least 
50 % of IDF National Committees casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. IDF shall not be held responsible for identifying any or all such patent rights. 

ISO 12779IDF 227 was prepared by the International Dairy Federation (IDF) and Technical Committee 
ISO/TC 34, Food products, Subcommittee SC 5, Milk and milk products. It is being published jointly by IDF 
and ISO. 

All work was carried out by Joint ISO-IDF Project Group (C09), Determination of water content in lactose by 
Karl Fischer method of the Standing Committee on Analytical Methods for Composition (SCAMC) under the 
aegis of its project leader, Prof. Dr. H.-D. Isengard (DE). 
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Lactose — Determination of water content — Karl Fischer 
method 

1 Scope 

This International Standard specifies a method for the determination of the water content of lactose by 
Karl Fischer (KF) titration. 

2 Principle 

The test sample is directly titrated with a commercially available two-component Karl Fischer reagent. The 
water content is calculated from the amount of reagent used. 

Titration at a temperature of approximately 40 °C gives shorter titration times and sharper end points. Only at 
this or higher temperatures is the use of a one-component Karl Fischer reagent (3.1) recommended. 

3 Reagents 

Use only reagents of recognized analytical grade, unless otherwise specified, and only distilled or 
demineralized water or water of equivalent purity. Avoid absorption of moisture from the environment. 

3.1 Karl Fischer (KF) reagent1). The KF reagent is a commercially available pyridine-free two-component 
reagent consisting of a titration component (3.2) and a solvent component (3.3). The titration component (3.2) 
is a methanolic solution of iodine and the solvent component (3.3) is a methanolic solution of sulfur dioxide 
and an appropriate base (e.g. imidazole). 

Alternatively, a pyridine-free one-component KF reagent can also be used which only consists of a titration 
component. The titration component (3.2) is a solution of iodine, sulfur dioxide and an appropriate base (e.g. 
imidazole) in a suitable solvent (e.g. diethylene glycol monoethyl ether). The solvent component (3.3) is 
methanol (3.5). This combination of a one-component titration reagent and methanol is only recommended if 
the titration is carried out at a temperature of approximately 40 °C or higher. 

3.2 Titration component. The titration component of the KF reagent (3.1) shall have a water equivalent of 
approximately 2 mg/ml of water. 

A KF reagent with a water equivalent of approximately 5 mg/ml of water is also possible if a KF apparatus with 
a burette of capacity 5 ml is used (4.1). 

3.3 Solvent component. The solvent component of the KF reagent as specified in 3.1. 

3.4 Water standard, w(H2O) = 10 mg/g. 

1) Hydranal®-Titrant 2/Hydranal®-Solvent from Sigma-Aldrich and apura® Titrant 2/apura® Solvent from Merck are 
examples of commercially available two-component systems. Hydranal®-Composite 2 from Sigma-Aldrich and apura® 
CombiTitrant 2 from Merck are examples of commercially available one-component reagents. This information is given for 
the convenience of users of this document and does not constitute an endorsement by ISO and IDF of these products. 
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For the determination of the water equivalent of the titration component, use a commercially available liquid 
water standard containing 10 mg/g of water. 

3.5 Methanol (CH3OH), with a mass fraction of water of not more than 0,05 %. 

4 Apparatus 

Usual laboratory apparatus and, in particular, the following. Equipment shall be completely dry when used. 

4.1 Karl Fischer (KF) apparatus. Use an automatic volumetric KF apparatus, preferably with a burette of 
capacity 10 ml. 

The burette should be of capacity 5 ml if a KF reagent with a water equivalent of approximately 5 mg/ml of 
water is used (see 3.2). 

For quicker titrations at approximately 40 °C, use a double-jacketed titration vessel with a water inlet and 
outlet to carry out the titration.  

4.2 Water bath, capable of maintaining a water temperature of 40 °C  5 °C under thermostatic control, 
with a pump for heating the double-jacketed titration vessel of the KF apparatus (4.1). 

NOTE The use of a water bath with thermostatic control is only necessary if the titrations are carried out at 
temperatures above room temperature. 

4.3 Analytical balance, capable of weighing to the nearest 1 mg, with a readability of 0,1 mg. 

4.4 Disposable syringes, of capacity 5 ml or 10 ml, for quantifying the water standard (3.4). 

4.5 Glass weighing spoon, for dosing the test sample. 

5 Sampling 

A representative sample should have been sent to the laboratory. It should not have been damaged or 
changed during transport or storage. 

Sampling is not part of the method specified in this International Standard. A recommended sampling method 
is given in ISO 707  IDF 50[1]. 

6 Procedure 

6.1 KF apparatus drift 

6.1.1 Determine the drift of the KF apparatus (4.1) every day and/or when the working conditions change as 
follows. 

Add to the titration vessel of the KF apparatus (4.1) approximately 30 ml of solvent component (3.3). 
Pre-titrate the solvent component. Then carry out a titration over 5 min (without addition of a test sample). 

If determinations (6.5) are carried out at 40 °C, heat the vessel and its contents using the water bath (4.2) to 
40 °C before pre-titrating the solvent component and carrying out the titration without addition of a test sample. 

IMPORTANT — During each titration, the amount of solvent component used shall completely cover 
the electrodes of the KF apparatus. 
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6.1.2 Calculate the KF apparatus drift, qV, in millilitres per minute, by using Equation (1): 

d
V

V
q

t
  (1) 

where 

Vd is the volume, in millilitres, of the titration component (3.2) in the titration (6.1.1); 

t is the numerical value, in minutes, of the time. 

Alternatively, calculate the KF apparatus drift, qm, in milligrams of water per minute, by using Equation (2): 

d e
m

V
q

t


  (2) 

where e  is the water equivalent (6.2) of the titration component (3.2), in milligrams of water per millilitre, used 

in the titration (6.1.1). 

6.2 Water equivalent of the titration component of the KF reagent 

6.2.1 Titration 

To calculate the water equivalent of the titration component, e, accurately carry out the titration in this 
subclause and the calculation step (6.2.2) five times. 

Add approximately 30 ml solvent component (3.3) to the titration vessel of the KF apparatus (4.1) (see also 
6.1.1) and pre-titrate the solvent component. 

NOTE The water equivalent of the titration component does not depend on temperature. It is therefore not necessary 
to heat the titration vessel for water equivalent determinations. If determinations (6.5) are carried out at 40 °C, the water 
equivalent can also be determined at 40 °C. In that case, the vessel and its contents are heated to 40 °C using the water 
bath (4.2) before carrying out titrations. 

Into a disposable syringe (4.4), take up between 0,6 g to 0,9 g of the water standard (3.4) (an amount of 
between 6 mg and 9 mg water). Weigh the syringe and its contents, recording the mass to the nearest 0,1 mg. 

It is also possible to take up more than 0,6 g to 0,9 g of the water standard and to use the same contents of 
the syringe for several titrations, but it is then important to carry out the titrations immediately one after the 
other. In this case, approximately 0,6 g to 0,9 g of the water standard should also be used for each titration, 
the exact amount being calculated each time by weighing the syringe and its remaining contents after each 
injection. 

NOTE Only for very experienced laboratories is it possible to use a small amount (approximately one drop from a 
syringe) of pure water instead of a commercial water standard. Even slight weighing errors lead to massive deviations of 
the result since they have an effect of 100 %. 

Add the amount of water standard in the syringe to the titration vessel. Weigh the empty syringe again, 
recording its mass to the nearest 0,1 mg. Subtract the mass of the empty syringe from that of the syringe with 
the water standard before addition of the water standard to the vessel to obtain the net mass of the water 
standard added to the titration vessel. Record the net mass, , to the nearest 0,1 mg, of added water 
standard for each titration (i = 1 … 5). 

2H O i
m

Carry out a titration while using as shut-off criterion the 10 s stop delay time mentioned in 6.3. Record, for 
i = 1 … 5, the volume, , in millilitres, of the titration component used. 

e,i
V

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 12

77
9:2

01
1

https://standardsiso.com/api/?name=04092502cc7efc3899e8b277ad6dc4ce


ISO 12779:2011(E) 
IDF 227:2011(E) 

4  © ISO and IDF 2011 – All rights reserved
 

Do not perform more than three titrations on one portion of solvent component. 

After three titrations on one portion, empty the titration vessel and carry out further titrations by again adding 
to the titration vessel of the KF apparatus approximately 30 ml solvent component, pre-titrating the solvent 
component and proceeding in the same way as before. 

6.2.2 Calculation 

Calculate the water equivalent of the titration component, e,i, in milligrams of water per millilitre, by using 
Equation (3): 

2 2

e,

H O H O,
e,

i

i

s
i

m w

V
   (3) 

where 

2H O i
m  is the mass, in grams, of the water standard used for titration i (6.2.1); 

2H O,sw  is the water mass fraction, in milligrams per gram, of the water standard; 

e,i
V  is the volume, in millilitres, of the titration component (3.2) in titration i (6.2.1). 

6.2.3 Mean value 

Calculate the water equivalent of the titration component, e, expressed in milligrams of water per millilitre, as 
the mean value of the five (i = 1 … 5) single titrations (6.2.1) by using Equation (4): 

5

e,
1

e 5

i
i



 


 (4) 

6.2.4 Expression of water equivalents 

Express the (mean) value of the water equivalent of the titration component to three decimal places. 

6.3 Shut-off criterion 

According to the features of the apparatus used, the stop criterion shall either be a stop delay time of 10 s or a 
stop drift slightly above the measured drift (6.1). 

6.4 Preparation of the test sample 

Homogenize the test sample by mixing the powder thoroughly. 

6.5 Determination 

Add approximately 30 ml of solvent component (3.3) to the titration vessel of the KF apparatus (4.1). If a one-
component KF reagent is used (3.1) or if shorter titration times are preferred, heat the vessel and its contents 
using the water bath (4.2) to approximately 40 °C. 

Charge a glass weighing spoon (4.5) with approximately 0,3 g test sample (6.4). Weigh the spoon and the test 
portion, recording the mass to the nearest 0,1 mg. 
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Add the test portion to the titration vessel by quickly opening and closing the septum stopper. Weigh the 
empty weighing spoon again, recording its mass to the nearest 0,1 mg. Subtract the mass of the spoon from 
that of the test portion and spoon to obtain the net mass, m, recorded to the nearest 0,1 mg, of the test portion. 

Carry out a titration and record the volume, V, in millilitres, of titration component. Do not perform more than 
two titrations on one portion of the solvent component. 

If the titrator does not automatically calculate the results (see 7.1), record the titration time, t. 

It is recommended that several replicates be carried out for each sample to obtain more accurate results. In 
that case, record for each replicate, i, the individual portion mass, mi, the volume of titration component, Vi, 
and the titration time, ti. 

7 Calculation and expression of results 

7.1 Calculation 

Appropriate automatic calculation by the titrator may also be used, if available. 

7.1.1 Calculate the water content of the test sample, , expressed as percentage by mass, by using 
either Equation (5) or (6): 

2H Ow

 
2

e
H O 100 %VV q t

w
m


   (5) 

2
e

H O 100 %mV q t
w

m

 
   (6) 

where 

V is the volume, in millilitres, of titration component (6.5); 

qV is the numerical value of the drift, in millilitres per minute (6.1.2); 

qm is the numerical value of the drift, in milligrams of water per minute (6.1.2); 

t is the titration time, in minutes (6.5); 

e  is the water equivalent of the titration component, in milligrams of water per millilitre (6.2.3); 

m is the mass, in milligrams, of the test portion (6.5). 

7.1.2 If n replicates for a sample have been carried out, calculate for each of the replicates, i, the individual 
water content of the test sample, , as a percentage mass fraction, by using either Equation (7) or (8): iwH O,2

 
2

e
H O, 100 %i V i

i
i

V q t
w

m


   (7) 

2
e

H O, 100 %i m i
i

i

V q t
w

m

 
   (8) 
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where 

Vi is the volume, in millilitres, of the titration component for replicate i (6.5); 

ti is the titration time, in minutes, for replicate i (6.5); 

mi is the mass, in milligrams, of the test portion for replicate i (6.5); 

i is the number of the replicate, i = 1 … n. 

7.1.3 Calculate for the n replicates the mean value of the water content, 
2H Ow , as a percentage mass 

fraction, of the test sample by using Equation (9): 

2

2

H O,
1

H O

n

i
i

w

w
n




 (9) 

7.2 Expression of test results 

Express the test results to two decimal places. 

8 Precision 

8.1 Interlaboratory test 

The values for repeatability and reproducibility derived from this interlaboratory test were determined in 
accordance with ISO 5725-1[2] and ISO 5725-2[3]. 

The values for the repeatability and the reproducibility limit are expressed for the 95 % probability level and 
may not be applicable to concentration ranges and matrices other than those given. Details of the 
interlaboratory test[4] on the precision of the method are given in Annex A. 

8.2 Repeatability 

The absolute difference between two individual single test results, obtained with the same method on identical 
test material in the same laboratory by the same operator using the same equipment within a short interval of 
time, shall in not more than 5 % of cases be greater than 0,15 %. 

8.3 Reproducibility 

The absolute difference between two individual single test results, obtained with the same method on identical 
test material in different laboratories with different operators using different equipment, shall in not more than 
5 % of cases be greater than 0,16 %. 

9 Test report 

The test report shall contain at least the following information: 

a) all information necessary for the complete identification of the sample; 

b) the sampling method used, if known; 
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c) the test method used, with reference to this International Standard (ISO 12779IDF 227:2011); 

d) all operating details not specified in this International Standard, or regarded as optional, together with 
details of any incidents which may have influenced the test result(s); 

e) the test result(s) obtained; 

f) if the repeatability has been checked, the final quoted result obtained. 
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