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BUTYROMETRIC DETERMINATION

OF FAT CONTENT ACCORDING

TO GERBER’S METHOD
by graduate chemist Alfred Toepel



PRINCIPLES OF THE METHOD

APPLICATION



CHEMICALS NEEDED

colourless or only slightly 
discoloured and free from 
any substances which might 
influence the outcome

•

The required density corresponds to 90 to 91 % by mass. Stronger or weaker 
concentrations are to be avoided. At 65°C, more highly concentrated sulphuric acid 
attacks the amyl alcohol, producing olefins through dehydration which influence the 
result. Weaker concentrations reduce the oxidization effect.  Destruction of the fat 
globule coating is incomplete which can lead to the formation of lumps. 

An isomer mixture of 2-methylbutane-1-ol and 3-methylbutance-1-ol

The isomers of amyl alcohol have different boiling points: 2-methylbutane-1-ol 
at 128°C and 3-methylbutane-1-ol at 132°C.

Of the 8 known isomers of amyl alcohol, only this mixture is suitable for the 
Gerber method. 

Contamination with other isomers of amyl alcohol, particularly with the 
tertiary amyl alcohol 2-methylbutane-2-ol, produces false results. 
The obtained fat content result is too high. 

•

•

•

Boiling boundary: 98 % (by volume) 
has to distil at between 128°C and 
132°C at 1 bar. 
The amyl alcohol must not contain 
any substances which could 
influence the result.
A substitute for amyl alcohol can 
be used provided that it will bring 
about the same test results as 
would be achieved with amyl 
alcohol.  

•

•

•



PREPARATION OF THE TEST SPECIMEN

Milk fat is lighter than water and creams if it is left standing. A fat-rich layer accumu-
lates on the surface. Stirring and careful shaking restore the original distribution.

Foam breaks the fat globule coating. The milk may begin to turn into butter when stirred 
and uniform distribution of fat is no longer possible. 

The fat liquefies at 35-40° and the distribution process is speeded up.

The volumeters are calibrated at 20°C. Any variations in temperature will influence the 
volume. Air pockets reduce the density and hence the mass of milk measured. 

REQUIRED EQUIPMENT



CONDUCTING A TEST = WORK PROCEDURES

When the Gerber method was first introduced, 11.0 ml of milk were used. 

By reducing the quantity of milk 10.75 ml, the determined fat content more 

closely matches the results of the reference method. If the butyrometer 

neck is wetted with milk, residues may cling to it.

A clear dividing line between the acid and the milk, without a brownish-

coloured edge, is the sign of good layering.

Due to the low density of amyl alcohol, the two liquids do not mix.

As a rule, the lower end of the stopper comes into contact with the liquid. 

When the liquids are mixed, a consid-

erable amount of heat is given off. The 

gas built up in this way can cause the 

stopper to shoot out, or the butyrometer 

to break. 

The butyrometer tube is used as 

a safety precaution. Instead of using a 

butyrometer tube, the butyrometer can 

be wrapped in a cloth. 

Too lax shaking of the butyrometer or 

holding it unnecessarily in a slanted 

position inhibits quick mixing and 

therefore the rapid oxidation of the en-

tire specimen, thus ruining the careful 

work done layering the liquid. 



It is important to maintain an exact temperature so as to obtain accurate 

results. Only a read-off at 65°C will ensure an exact result. If the 

temperature is too low, the volume of the column is reduced and a fat 

content reading that is too low will be indicated. 



RESULT AND DEGREE OF ACCURACY



After the first centrifuging, the two values were read off at 3.55 % and 3.60 %.

After the second centrifuging, the two values were 3.60 % and 3.65 %. The homogenised 
milk fat content is stated to be 3.65 %.

Should the difference still be greater than 0.05 % after the two last repetitions, i.e. after 
the 3rd and 4th centrifuging, the results of this test are to be discarded.

•

•

•



FOREWORD: 

1.0 FIELD OF APPLICATION

2.0 VOLUMES

BUTYROMETRIC DETERMINATION OF THE 

FAT CONTENT OF VARIOUS DAIRY PRODUCTS

The butyrometric determination of the fat content in milk has been and is 
being replaced at a progressive rate by other routine tests (with appliances 
such as LactoStar, for instance). However, milk products such as cheese, 
ice cream, etc. either cannot be tested with such appliances or can only be 
tested after elaborate specimen preparation. For these products, butyro-
metric methods are a good alternative for routine analysis.

3.0 BRIEF DESCRIPTION OF THE 
 BUTYROMETRIC DETERMINATION OF FAT CONTENT:

3.1 ... IN MILK (ACCORDING TO GERBER’S METHOD):

3.2 ... IN HOMOGENISED MILK

As above, except that the specimens are centrifuged three times, for 5 minutes each time. 
In between centrifugings, the butyrometers are heated in a 65°C water bath for 5 minutes 
(for more detail, see page 19).

3.3 ... IN SKIM MILK AND WHEY

Use of skim milk butyrometers with narrowed scales according to Sichler’s method.

3.4 ... IN CONDENSED MILK (UNSWEETENED)



3.5 ... IN BUTTERMILK (MOHR AND BAUR’S MODIFICATION)

3.6 ... IN POWDERED MILK ACCORDING TO TEICHERT’S METHOD

Use of powdered milk butyrometer according to Teichert’s method.

3.7 ... IN CREAM ACC. TO ROEDER’S METH. (WEIGHING METH.)

Use of cream butyrometer according to Roeder’s method.

3.8 ... IN CREAM ACC. TO SCHULZ-KLEY’S METH. (WEIGHING METH.)

Use of cream butyrometer according to Schulz-Kley’s method.

3.9 ... IN CREAM ACC. TO KOEHLER’S METH. (MEASURING METH.)

Use of cream butyrometer according to Koehler’s method.



3.10 ... IN CHEESE ACC. TO VAN GULIK’S METH. (WEIGHING METH.)

(see ISO 3433) Use of the cheese butyrometer according to Van Gulik’s method.

3.11 ... IN ICE CREAM ACC. TO KOEHLER’S METH.
            (MEASURING METH.)

Use of the ice cream butyrometer according to Koehler’s method.

3.12 ... IN ICE CREAM ACC. TO ROEDER’S METH. (WEIGHING METH.)

Use of ice cream butyrometer according to Roeder’s method.

3.13 ... IN BUTTER ACC. TO ROEDER’S METH. (WEIGHING METH.)

Use of butter butyrometer according to Roeder’s method.



3.14 ... IN MAYONNAISE ACC. TO ROEDER’S METH. (WEIGHING METH.)

Use of butter butyrometer according to Roeder’s method.

3.15 BUTYROMETRIC DETERMINATION OF THE FAT CONTENT OF
MEAT AND SAUSAGE ACC. TO GERBER’S METHOD (VAN GULIK)

According to the recommended methodology of “Pohja and Associates“.



BUTYROMETER
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LactoStar



THE NEW GENERATION OF INSTRUMENTS

Chemical milk analysis device with fully automatic cleaning 
and rinsing system and zero point calibration for the fast and 
accurate testing of milk

* The reproducibility equals +0.02 % in the 0% to 8 % fat range.  
In the higher ranges of 8 % to 40 % fat, the reproducibility equals 0.2 %

ENTER



LactoStar
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LactoFlash



Inexpensive chemical analysis device for the fast and accurate 
determination of fat and SNF content
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MULTIPURPOSE CENTRIFUGE FOR THE DAIRY LABORATORY



K. Schaefer, graduate engineer, reports

QUIET OPERATION

TYPE 1: 
Centrifuge with flat-lying 
butyrometers

TYPE 2: 
Centrifuge with angular rotor

TYPE 3: 
Centrifuge with swing-out 
butyrometer holders

UNBALANCE

INTERLOCKING LID

HEATING

SET-UP

ROUTINE OPERATION/MAINTENANCE

MILK LABORATORY CENTRIFUGES



RPM

whereby:

R = effective horizontal radius in mm;

N = revolutions per minute [min-1].

SYNOPTICAL TABLE OF THE DEPENDENCE OF G-FORCE AND RPM
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KJELDAHL’S NITROGEN DETERMINATION METHOD

KJELDAHL’S NITROGEN DETERMINATION METHOD
Anna Politis, graduate engineer of nutrition technology and of biotechnology, reports



1

The addition of potassium sulphate serves to increase the boiling tempera-
ture of the sulphuric acid and the addition of copper sulphate serves as an
oxidation catalyst. They are also available as Kjeldahl tabs (art. no. 4230/4231).
If the process is executed with tabs, then 5± 0.1 g of milk are mixed with
20 ml of sulphuric acid and 2 Kjeldahl tabs and left to sit for 5 min. Then the 
temperature program can be carried out.

During the heating of the sample, foam is not allowed to climb higher 
then 4 - 5 cm below the flask opening.

The sulphuric acid is added in such a way that any copper sulphate 
solution, potassium sulphate or milk which may have adhered to the flask 
neck is flushed down. If the flask is sealed airtight, it can also be stored 
for later digestion. 

To determine the specific digestion time, it is advisable to execute 
preliminary tests with samples high in protein and fat.

Substantial crystallisation is a sign of too little sulphuric acid and can 
lead to low protein values. It is therefore advisable to reduce the loss of 
sulphuric acid by minimising the amount sucked.

Before the hot digestion flasks can be taken from the digestion block, it 
must be ensured that no condensed fluid has collected in the extraction 
apparatus. If it has, the suction volume must be increased and the 
condensed liquid removed. 

The undiluted digestion should not be stored in the flask for a long
period of time (overnight) for any reason. There is a risk that the sample 
will solidify and it is difficult to bring it into solution form again. After 
the sample is cooled down and dilluted with 70 ml of water, there is no 
problem to keep it overnight.



2

The water distiller must be set up on a stable 
laboratory bench with an even, horizontal 
support which is located near a cold wa-
ter supply and a drain. The water pressure 
must be at least 0.5 bar. 

Before starting the operation, all hoses 
must be connected and the coolant en-
gaged. The storage tank must be correctly 
positioned and the fluid level checked. The 
water vapour discharge hose must be in-
troduced into the digestion flask. The water 
distiller is equipped with a safety gate. 

During the first distillation, the water va-
pour comes into contact with cold pipes 
and glass parts. This leads to increased 
build-up of condensation which can in turn
lead to excessive sample dilution and
liquid volume in the digestion vessel.
A trial run is therefore essential. The dis-
charge of water vapour with a temperature 
of approx. 106°C creates loud noises. This 
is no cause for alarm. 

The distillation is conducted until a distil-
lation volume of 150 ml is obtained.

About 2 minutes before the end of the dis-
tillation, the Erlenmeyer flask is lowered 
in such a way that the end of the discharge 
pipe is no longer submerged in the acid 
solution. The pipe must be flushed with 
water. This water is collected in the Erlen-
meyer flask.

KJELDAHL’S NITROGEN DETERMINATION METHOD



3

The mixture of methyl red and bromcresol green (see 2.5, 
2.6) serves as the indicator. The indicator is responsible for 
the colour change and signals the end of the titration.

The neutral background improves the accuracy and 
reproducibility of the results. This means that the titrations 
are always carried out under optical conditions that are as 
similar to each other as possible.

Kjeldahl’s digestion method is not specific to amino acids 
and proteins and includes all organically bonded nitrogen. 
Other non-protein compounds are also are digested and 
collected (NPN: non-protein nitrogen). However, the pro-
portion of these compounds is very small and is disregarded 
in the calculation. 

If the non-protein containing nitrogen should also be es-
tablished, then method must be executed in accordance 
with DIN EN ISO 8968-4. If only the protein nitrogen should 
be determined, then the milk proteins must first be sepa-
rated. 5±0.1 ml of milk diluted with 5±0.1 ml of water is 
washed in stages with in total 60 ml of 15 % (w/v) trichlo-
roacetic acid in accordance with DIN EN ISO 8968-5, the 
proteins are precipitated and finally filtered out into a hard 
paper filter. The filtrate contains the components of the 
non-protein nitrogen and the filtered-out precipitate con-
tains the protein nitrogen. The filter with the precipitate is 
put into a digestion vessel and Kjeldahl’s nitrogen deter-
mination method is carried out as described above. The 
protein content is calculated by multiplying by a factor of 
6.38.

The value 6.38 is specific to milk and dairy products and was 
established because milk proteins have a nitrogen content 
of 15.65 % (100:15.65 = 6.38).

The blind trial is important for the calculation of the 
nitrogen content of the sample.



Caution! The addition of hydrogen peroxide 
causes an intense reaction.

The blind trial is executed with 2 ml of water 
and 0.25 g of sucrose. The effectiveness of the 
decomposition is tested with 0.08 g of tryptophan 
or 0.06 g of lysine hydrochloride.

KJELDAHL’S NITROGEN DETERMINATION METHOD

In order to monitor the effectiveness of the de-
composition, 0.18 g of tryptophan or 0.16 g or 
lysine hydrochloride and 0.67 g of sucrose are 
used. 98 % of the nitrogen content must be re-
covered. If that is not the case, either the decom-
position temperature or time is insufficient or the 
sample is charred.
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pH VALUE MEASUREMENT
Anna Politis, graduate engineer of nutrition technology and of biotechnology, reports



To clean off fat or oil deposits, the membrane must be degreased with cotton which has 
been soaked in acetone or soap solution. 

If protein has settled on the diaphragm, the electrode is soaked in HCI/Pepsin solution for 
approx. 1-2 hours.

In case of a silver sulphide contamination, the electrode is to be set in a thiocarbamide 
solution and left to soak.

To remove inorganic films, the electrode is dipped into 0.1 M HCl or 0.1 M NaOH. With
40-50°C solutions, cleaning is more effective. 

After every cleaning procedure, the electrode is to be set in a 3M KCl solution about a 
quarter of an hour a new conditioning and subsequently calibrated once again.
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The German chemist Beckmann, known for the thermometer named after him, began 
using the freezing point of milk in as early as 1895 to detect if it had been adulterated 
with water. The American Hortvet worked intensively with this method in 1920 and im-
proved some of its essential features. The first thermistor cyroscopes were brought 
to the market in the 1960s. However, they had to be operated entirely by hand. At the 
beginning of the 1970s, the first automatic thermistor cyroscopes became available. 
With this development it was possible to determine the freezing point automatically at 
the push of a button.

A decisive step in the improvement of thermistor cryo-
scopy was displayed at the “FoodTec” tradeshow in 
1984: Funke-Gerber introduced the first device with 
automatic calibration. This successful and intensive 
development work reached a new peak at the “Food-
Tec” in 1988, where Funke-Gerber presented a fully 
automatic freezing point determination mechanism 
with a capacity of 220 samples per hour. 

With the introduction of an indirect freezing point 
measurement device (e.g. LactoStar) for routine 
analysis, interest was focused primarily on reference 
devices which are able to determine freezing points 
in accordance with the applicable standards and 
regulations. These devices must satisfy the strictest 
requirements with regard to measuring accuracy. 
For this reason Funke-Gerber developed a program-
mable cryoscope with a resolution of 0.1 m °C. This 
instrument has proven its accuracy and reliability in
countless laboratories all over the world. The product
range has been expanded with a multi-sample device 
(CryoStarautomatic). Since January 2007, these instru-
ments have been equipped with a graphic colour dis-
play. This makes it possible to show the entire freezing 
curve, in particular the process of the plateau search, 
with a patented screen presentation.

      

FREEZING POINT DETERMINATION

K. Schaefer, graduate engineer, W. Spindler, graduate physician report
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THE FREEZING POINT:

MEASURING PRINCIPLE:

MEASURING PROCEDURE:



POSSIBLE SOURCES OF ERROR IN THE MEASUREMENT PROCESS



 „CryoStar I (or. CryoStar automatic), Funke Gerber“

IDENTIFYING TECHNICAL DEFECTS



IDENTIFYING OPERATIONAL ERRORS

MIX UP: A CALIBRATION INSTEAD 
OF B CALIBRATION

MIX UP: TAKING THE
A SOLUTION INSTEAD
OF THE B SOLUTION



SPECIAL APPLICATIONS/MEASUREMENT OF CREAM



CryoStarautomatic CryoStar I



THE MOST IMPORTANT FEATURES AT A GLANCE:

(recommended value: 2.2 ml)
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