Summer School of Food Hygiene 2019
Practical Seminar: Control of raw milk quality

1. Determination of Acidity
1.1. Preface
Both the titratable acidity and the pH are used to measure milk acidity. The pH of cow milk at 25° C normally varies within a relatively narrow range of 6.5 to 6.7. Because of the large inherent variation, the measure of pH has little practical value except to measure changes in acidity in mastitic milk. There are many components in milk which provide a buffering action. The major buffering groups of milk are caseins and phosphates. 

There are two fundamentally different methods of expressing acidity of milk: 

· titratable acidity 

· hydrogen ion concentration or pH 

1.1.1. The pH 
Measurement of pH is used in a wide variety of applications: agriculture, industrial processes, environmental monitoring and in research. The pH is a measuring of the acidity or alkalinity of a solution on a scale of 0 to 14. Solutions with a pH less than 7 are considered acidic, while those with a pH greater than seven are considered basic (alkaline). The pH 7 is considered neutral. 

Definition of the pH:

The pH value of a solution is the negative logarithm of the amount of hydrogen ions (in moles) per litter of liquid.

Table 1 Typical pH values of common foods
	Food
	pH
	Food 
	pH

	fruit juices
	2.0 - 3.0
	egg white
	7.5 – 9.5

	tomatoes
	3.7 – 4.9
	egg yolk
	6.0 - 6.4

	fresh beef
	5.3 – 6.2
	grapes
	3.3 – 4.5

	pork
	5.3 – 6.4
	cola
	2.5

	wine
	3.0 – 4.0
	beer
	4.5

	most cheeses
	5.0 – 6.0
	fish
	6.5 – 7.0

	milk
	6.5 – 6.7
	mayonnaise
	3.8 – 4.0

	turkey
	5.6 – 6.0
	cofee
	5.0

	chicken
	5.5 – 6.4
	bread
	5.0 - 6.0


The pH value of a solution or product represents the present (true) acidity. Normal milk is a slightly acid solution with a pH falling between 6.5 and 6.7 with 6.6 the most usual value. Values of pH higher than 7 usually denote mastitis and those below 6.5 indicate the presence colostrums or bacterial deterioration. Temperature of measurement is near 25°C. The pH value determines such processes as curdling of milk, the action of enzymes, the growth of bacteria, the colour of indicators, taste etc.

Measuring of the pH

The pH can be measured:
· By addition of a pH indicator into the solution. The indicator colour varies depending on the pH of the solution. Common indicators are litmus paper, phenolphthalein, methyl orange, phenol red, bromthymol blue, bromocresol green and bromocresol purple.

· By using a pH meter together with pH-selective electrodes.

· By using pH paper, indicator paper that turns colour corresponding to a pH on a colour key. The pH paper is usually small strips of paper that has been soaked in an indicator solution and used for approximations.
1.1.2. The titratable acidity

Acidity of milk can also be expressed as the titratable. The titratable acidity of milk is the amount of a hydroxyl ion (OH-) solution of a given strength needed to increase the pH of a given amount of milk to a pH of about 8.4, the pH at which the normally used indicator, phenolphtalein, changes colour from colourless to pink. What this test really does is to find out how much alkali is needed to change the pH from 6.6 to 8.4.

Table 2 The titratable acidity can be expressed in various values basically as a result of the strength of the sodium hydroxide (NaOH) needed at titration:

	°SH
	Soxhlet-Henkel degrees, obtained by titrating 100 ml of milk with N/4 NaOH, using phenolphthalein as the indicator. The acidity of fresh cow’s milk varies in the range 6.2 to 7.8 °SH. This method is mostly used in Central Europe.

	°Th
	Thőrner degrees, obtained by titrating 100 ml of milk, thinned with 2 parks of distilled water, with 0.1 mol/l NaOH, using phenolphtalein as the indicator. Normal milks give values about 17   Th. Mostly used in Sweden.

	°D
	Dornic degrees, obtained by titrating 100 ml of milk with 0.11 mol/l NaOH, using phenolphtalein as the indicator. Normal milks give values about 13 to15 °D. Mostly used in the Netherlands and France.

	% l.a.
	per cent lactic acid, obtained as °D with the result divided by 100. Frequently used in the UK, USA, Canada, Australia and New Zealand.


1.2. Practical determination of milk acidity

1.2.1. Titratable acidity of milk determined by Soxhlet-Henkel method

Principle:

Acidity may be measured in terms of the amount of standard sodium hydroxide solution required to neutralise the acidity of a milk or milk product to the end point of phenolphthalein.
Apparatus: 
Burettes, pipettes, titrimetric flasks, graduated cylinders.
Reagents:
0.25 mol.l-1sodium hydroxide (NaOH) solution, phenolphthalein indicator (ethanolic solution 2%), 5% solution of Co SO4 (water solution).
Procedure:

- prepare control sample: measure 50 ml of milk and put it into titrimetric flask, add to 2 ml of CoSO4 to the milk,

- sample: measure 50 ml of milk and put it into titrimetric flask,

- pipette 2 ml phenolphthalein solution and add to the milk,
- mix well,
- fill the burette with 0.25 mol. l- NaOH solution up to zero level,
- titrate to a faint pink colour (the same colour as control sample) which must be constant   approximately for 1 minute.
Formula: 

Titratable acidity in °SH (or ml of 0.25 mol.l-1 NaOH/100ml of milk) is calculated by formula (when 50 ml of milk sample is used for titration):

SH = amount of 0.25 mol.l-1 NaOH used for titration x 2
While another amount of milk is used, consumption of NaOH must be always calculated to 100 ml.

2. Density of milk
2.1. Preface

Definition:

Density of milk is the weight of the volume unit of the substances, and the milk should have a temperature of 20°C at the moment of reading. It is given in g.cm-3 or kg.m-3.

Density, the mass of a certain quantity of material divided by its volume, is dependent on the following: 

· temperature at the time of measurement, 

· temperature history of the material, 

· composition of the material (especially the fat content),
· inclusion of air (a complication with more viscous products).

The density of milk depends on the composition of the milk: proteins, fat, lactose and minerals. The higher of the fat content in milk, the lower its density; and the more proteins, lactose, minerals - higher density of milk. The density of milk falls if water is added. The density is often used as a rough indication of whether milk has been adulterated with water. The increased density of milk indicates that fat was removed, or that skim milk was added. With all of this in mind, the density of milk varies within the range of 1028 to 1033 kg m-3 at 20° C.
Average density of whole milk (fat content 3.6 %)                                                1032.0 kg m-3
Average density of milk (fat content 2%)                                                               1033.5 kg m-3
Average density of milk (fat content 0.05%)                                                          1034.5 kg m-3
2.2. Practical determination of the density

Apparatus:
Lactometer, water bath, measuring cylinder (150 ml).
Procedure:

1. Mix the milk sample gently. 

2. Heat the milk sample to the temperature of 35-40 °C in a water bath. Foam must not be created. 

3. Cool the milk sample to the temperature of 20 °C.

4. Pour the milk gently down the side of a measuring cylinder until the cylinder is completely full.

5. Let the lactometer sink slowly into the milk and release. As soon as the lactometer comes to the rest, the scale reading corresponding to the liquid level is read off. 

6. Read and record the density of milk just above the surface of the milk. Read and record the temperature of milk. If the temperature of the milk is different from the calibration temperature (calibration temperature may be 20 °C) of the lactometer, calculate the temperature correction according Table 3. 

7. For the calculations, use lactometer degrees, and for the conversion to density write 1.0 in front of the true lactometer reading, i.e. 1.030 g.cm -3. Samples of milk from individual cows often have lactometer reading outside the range of average milk, while samples of milk from herds should have readings near the average milk, but wrong feeding, may result in low readings. 

Lactometer degree (ºL) = (( -1.0) x 1000
Example:

Density of milk (()             1.032 g.cm-3
Lactometer degree               °L= (1.032-1) x 1000=32
Example of determination of density of milk:

Temperature of milk (reading at lactometer)                   22°C  

Density of milk (reading at lactometer)                           1.029 g.cm-3
°L                                                                                     29 (see the formula for calculation °L)

Correction                                                                        0.7 (see the table 3)

Correction of the density with using °L:

29+0.7=29.7                           

Calculation of the density: 

              29.7

  (20 = --------- +1.0 = 1.0297 g.cm-3
             1000

Density of the milk sample is 1.0297 g.cm-3 (at 20°C).
Table 3 Corrections for density of whole milk measured in temperature in the range 15 – 20°C. If the temperature of milk is lower than 20°C, the corrections are abated. If the temperature of milk is higher than 20°C, the corrections are added.
	°L20
	Temperature of milk (°C)

	
	15
	16
	17
	18
	18,5
	19
	19,5
	20
	20,5
	21
	21,5
	22
	23
	24
	25

	15
	1,0
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,5
	0,8
	1,1
	1,4

	16
	1,0    
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,5
	0,8
	1,1
	1,4

	17
	1,1
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,6
	0,9
	1,2
	1,5

	18
	1,1
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,6
	0,9
	1,2
	1,5

	19
	1,1
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,6
	0,9
	1,2
	1,5

	20
	1,1
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,6
	0,9
	1,2
	1,5

	21
	1,1
	0,9
	0,7
	0,5
	0,4
	0,3
	0,1
	0
	0,1
	0,3
	0,4
	0,6
	0,9
	1,2
	1,6

	22
	1,2
	1,0
	0,8
	0,6
	0,4
	0,3
	0,1
	0
	0,2
	0,3
	0,4
	0,6
	0,9
	1,2
	1,6

	23
	1,2
	1,0
	0,8
	0,6
	0,4
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,6
	0,9
	1,3
	1,6

	24
	1,2
	1,0
	0,8
	0,6
	0,4
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,6
	0,9
	1,3
	1,6

	25
	1,2
	1,0
	0,8
	0,6
	0,4
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,6
	1,0
	1,3
	1,6

	26
	1,2
	1,0
	0,8
	0,6
	0,4
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,6
	1,0
	1,3
	1,7

	27
	1,3
	1,1
	0,8
	0,6
	0,4
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,7
	1,0
	1,4
	1,7

	28
	1,3
	1,1
	0,9
	0,6
	0,5
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,7
	1,0
	1,4
	1,7

	29
	1,3
	1,1
	0,9
	0,6
	0,5
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,7
	1,0
	1,4
	1,8

	30
	1,3
	1,1
	0,9
	0,6
	0,5
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,7
	1,1
	1,4
	1,8

	31
	1,3
	1,1
	0,9
	0,6
	0,5
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,7
	1,1
	1,4
	1,8

	32
	1,4
	1,2
	0,9
	0,6
	0,5
	0,3
	0,2
	0
	0,2
	0,3
	0,5
	0,7
	1,1
	1,5
	1,8

	33
	1,4
	1,2
	0,9
	0,7
	0,5
	0,4
	0,2
	0
	0,2
	0,4
	0,5
	0,7
	1,1
	1,5
	1,9

	34
	1,4
	1,2
	0,9
	0,7
	0,5
	0,4
	0,2
	0
	0,2
	0,4
	0,6
	0,7
	1,1
	1,5
	1,9

	35
	1,4
	1,2
	1,0
	0,7
	0,5
	0,4
	0,2
	0
	0,2
	0,4
	0,6
	0,7
	1,1
	1,5
	1,9


Figure 1 Lactometer
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3. Milk fat
3.1.Preface

The estimation of the fat content of a food involves the estimation not of the true fat content, but the lipid fraction of the food, i.e. those food constituents soluble in non-polar organic solvents such as petroleum ether or diethyl ether. This fraction includes fats (triacylglycerides), phospholipids, sphingolipids, steroids, terpenes and fat-soluble vitamins. Fats make up to around 99% of the lipid fraction of a food. The fat content of milk is the most important single factor in determining the price to be paid for milk supplied by farmers in many countries. Also, in order to calculate the correct amount of feed ration for high yielding dairy cows, it is important to know the butterfat percentage as well as well as the yield of the milk produced. Further more the butterfat percentage in the milk of individual animals must be known in many breeding programmes.
A wide range of methods for the estimation of the fat content of foods has been developed and modified over the years and may be classified into:

gravimetric solvent extraction procedures

volumetric procedures

instrumental methods

The Gerber method is used worldwide as a simple and rapid method for determining the fat in raw and processed milk. This method is used extensively in the UK and Europe for the routine estimation of fat in dairy products.

The procedure involves measuring a specified amount of dairy product into the butyrometer, and adding concentrated sulphuric acid (to dissolve the non-fat milk solids) and amyl alcohol to aid the separation of fat and aqueous phases. Water is added where necessary to bring the liquid levels to a point where the fat level is on the scale. The addition of the sulphuric acid causes the temperature of the mixture to increase and the fat to liquefy; additional warming in a water bath is occasionally necessary to effect complete liquefying of the fat and also the solubilisation of the non-fat solids. The mixture is centrifuged in a special Gerber centrifuge for a set time at 1100 rpm, and then the tubes are placed in a water bath at 65 0C to standardise the samples before the fat reading is read off the calibrated scale of the butyrometers.

3.2. Practical determination of fat content

3.2.1. Butyrometric determination of the fat content in milk according to Gerber

Preface:
The method involves running off the fat into a special measuring vessel separate from the butyrometer and determining its volume as a percentage by mass. The fat is present in the milk in the form of small globules of various diameters, from 0.1 to 20 micrometers. The globules of fat form a consistent emulsion with the milk liquid. The globules of fat are surrounded by a protective coating, the fat globule membrane consist of phospoglycerides, a fat globule coat protein and hydrate water. This protein coating around the fat globules prevents them from coalescing and stabilizes the emulsified state. In order to separate off the fat completely, the protective coating around the fat globules must be destroyed. This is done with concentrated sulphuric acid of 90 to 91 % by mass. The sulphuric acid oxidizes and hydrolyzes the organic components in the protective sheath around the fat globules, the lactoprotein fractions and the lactose. This produces a large heat of reaction, in addition to the heat of dilution. The butyrometer gets quite hot. The oxidation products turn the resulting solution brown. The released fat is then separated off by centrifuging, whereby the addition of amyl alcohol facilitates easier phase separation and a sharp delineation is produced between the fat and the acid solution. The fat content of the milk can be read off as a mass percent content on the scale of the butyrometer.

Principle:
The non-fat solids are dissolved in concentrated sulphuric acid and resulting mixture is centrifuged. The percentage of fat is read on a graduated scale on the centrifuge tubes (butyrometers) at a temperature 65°C. Amyl alcohol is used to facilitate the separation of fat and aqueous phases. 

Reagents: 
Sulphuric acid, H2SO4
Amyl alcohol for the determination of fat content according to Gerber
Apparatus:

- Calibrated butyrometer 

- Pipette DIN 10283-p for milk (10.94 ml),

- Pipette DIN 12737-B or 10 ml measuring tap for sulphuric acid,

- Pipette DIN 12837-C or measuring tap with 1 ml calibrations for amyl alcohol,

- Centrifuge for determining fat content, heatable, with centrifugal acceleration is reached at a rotor speed of (1100 ± 80) min–1.

- Tempering device for butyrometers, e.g. a water bath (65 ± 2) °C.
Procedure:
1. Milk fat is lighter than water and creams if allowed to stand. A layer rich in fat accumulates on the surface. Stirring and careful shaking restore the original distribution. If the layer of cream cannot be evenly distributed in this way, the milk should be slowly heated to 35–40 °C and gently swirled around until a homogeneous fat distribution is achieved. The milk is then cooled to 20 °C before being drawn up into a pipette.

2. With the aid of the measuring tap, introduce 10 ml of sulphuric acid into the butyrometer, without wetting the neck of the butyrometer.
3. Pipette 11 ml of milk into the butyrometer so that the milk does not come into contact with its neck and so that the milk is not allowed to mix with the sulphuric acid. A clear dividing line between the acid and the milk, without a brownish-coloured edge, is the sign of good layering.
4. 1 ml of amyl alcohol is pipetted on to the milk, or introduced by means of the measuring tap. Owing to the low density of amyl alcohol, the two liquids do not mix. 
5. The butyrometer is closed with the stopper without mixing the two liquids. 
6. Shake the butyrometer quite vigorously until the two liquids are completely mixed. Turn the butyrometer up and down several times in order to enable the sulphuric acid that is still in the bulb to disperse. Protective goggles and rubber gloves must be worn when handling sulphuric acid 
7. Immediately after the mixture has been shaken and turned upside down a few times, the butyrometers, still hot and with the stoppers pointing downwards, are placed in bushings inside the heated Gerber centrifuge, whereby the butyrometers must be placed exactly opposite one another. Beforehand, the stopper should be turned to set the column of fat at the height of the expected level of fat. After setting the time on the centrifuge, the centrifuge is started. The corresponding speed of (1100 ± 50) rpm, which is reached after 1 min. as a rule, should be maintained for 4 minutes after attaining a centrifugal force of (350 ± 50) g. 
8. The butyrometers are now removed from the centrifuge, taking care not to tilt them. 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 of fat is reduced and a fat content reading that is too low will be indicated.
9. After the butyrometer has been removed from the water bath, it should be held in a vertical position at a height where the meniscus of the column of fat is at eye level. With the help of the stopper, marks the demarcation line between the residual mixture and fat on a whole sub-division of the butyrometer scale and read off the height of the fat column at the lowest point of the meniscus. If the reading takes too much time, the butyrometer must be placed in the water bath again.

Figure 2 Butyrometer
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10. Result and degree of accuracy. The result should be read off to half a scale point, i.e. to 0.05%. It is not possible to obtain a more accurate result with whole milk butyrometers. If the meniscus touches the graduation mark, then the result is accepted as such. If the meniscus intersects the graduation mark, then the lower value is taken. The difference between the readings from both butyrometers must not be greater than 0.10%, i.e. the reproducibility amounts to 0.10%. When recording the result you must add the note “Fat content according to Gerber”. If the two specimens differ by 0.1%, then the mean value of both readings is taken.

Specimen 1: 4.20 %

Specimen 2: 4.30 %

Correct result: 4.25 % fat content
Calculation of the fat content (g/100g)

Formula:

              x +0.04
y= ----------------------

                1.04
y- fat content (g/100 g)

x – fat content (g/100ml), (determination by the Gerber method)
4. Calculation of total solids, solids not fat and fat in solids in milk
Milk has a specific density. When the milk is adultered with water or other materials are added or both misdeeds are committed, the density of milk changes from its normal value to abnormal. The lactometer test is designed to detect the change in density of such adulterated milk. 
Carried out together with the Gerber butterfat test, it enables the milk processor to calculate the milk total solids (% TS), solids not fat (SNF) and fat in solids (FS)

4.1. Calculation of fat (g/100g)

Formula:

              x +0.04/
f= ----------------------

                1.04
f- fat content (g/100 g)

x – fat content (g/100 ml), (determination by Gerber method)
4.2. Calculation of total solids

total solids (TS) %

Formula: 

TS= 1.21 x f + 0.25 x L20 + 0.82

f – content of milk fat g/100 g

°L20 lactodensimetric degree

4.3. Calculation of solids non fat (SNF) %

Formula:

SNF= TS-f

TS- total solids g/100 g
f- content of milk fat g/100 g
4.4. Calculation of fat in solids (FS)

Formula:

           f x 100

FS = --------------------

              TS
f - content of milk fat g/100 g

TS - total solids g/100 g
Results:
Compare your results with the table 4.
Table 4: Average and minimum value of TS, SNF, FS and F in cow’s milk

	
	Average value
	Minimum value

	( (kg.m-3)
	1027.7 – 1032.0
	1027.5

	TS (%)
	12.7
	12

	SNF(%)
	8.9
	8.5

	FS (%)
	28
	27

	F (%)
	3.8
	3.3
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