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NR Not reported 
NS Not significant 
NSPMS Prevalence of quarters with non-specific mastitis  
OAD Once a day 
P Significance, P-value 
P1 - P4 Samples at the end of lactation 
p.p. Post partum 
PME system Milking system, with pulsing milk extraction  
pos. Positive 
RB Right back quarter 
RF Right front quarter 
RMH Ruakura Milk Harvester 
RVGA Plate count on teat swabs in red violet bile agar (coliform bacterial 

flora) 
Rx Resistance 
S.  Staphylococcus 
SAS Statistic Analysing Systems 
Sc. Streptococcus 
SCC Somatic cell count 
sd Standard deviation 
se Standard error 
sp. Species  
SPC Standard plate count 
ssp. Subspecies 
T Treatment 
TAD Twice a day 
TERM Plate counts on low pasteurised samples in chloral hydrate milk 

agar (thermo-resistant) 
TEWL Transepidermal water loss 
vs. Versus 
W1 – W8 Early lactation samples 
x Mean 
Z Impedance 
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1.  INTRODUCTION 

Mastitis causes extensive economical losses. The increased disposition for mastitis 

pathogens is mainly based on the negative interactions of the bovine metabolism 

with the function of the polymorphonuclear granulocytes and on the changes of the 

teat tissue, induced by machine milking. The literature indicates that the average milk 

yield per cow and therefore the duration of milking has increased markedly during the 

last decades. This must be regarded as a potential factor for increased susceptibility 

to mastitis. The chemotherapy is still the main treatment against this infectious 

disease. Therefore, the prevention of bovine mastitis gains more and more priority. In 

view of this fact, it is necessary to strengthen the immune system of the individual 

cow.  

 

The activation of the teat tissue and the physical attributes of the teat canal lining 

(adsorption of bacteria to the keratin, regular desquamation and desiccation 

(WILLIAMS and MEIN 1985)) play an important role in the defence mechanisms of 

the bovine mammary gland. A substantial element of the aetiology of bovine mastitis 

is the machine milking process. Its action causes movement of infection between 

quarters and impairs the defence mechanisms of the teat end. Up to today no 

scientific results have been presented that demonstrate a relation between teat skin 

parameters, like pH and moisture, and the mastitis-inducing, mechanical factors 

caused by machine milking.  

 

This presents the fundamental approach for the topic of this thesis. It was attempted 

to develop methods to determine the pH and the moisture of bovine teat skin and to 

judge the machine-induced teat tissue changes as an element, which promotes the 

bacterial contamination of the teat skin. Additionally it was endeavoured to compare 

and evaluate different teat sanitisers with regard to their teat conditioning 

characteristics.  
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The contamination, colonisation and invasion of the bovine mammary gland is closely 

connected to environmental factors, milking machine parameters as well as to 

individual animal aspects (age, lactation number, anatomy of the teat etc.). According 

to current knowledge, the bacterial load on the teat skin influences the risk for new 

intramammary infection (IMI). Therefore and with respect to prevention of mastitis, 

the bacterial load on the skin should be decreased, through the control of 

environmental factors (housing, bedding, feed, feeding technique and hygiene 

management). A factor not well investigated so far, is the teat skin condition 

(dryness, integrity, moisture, pH) and its relation to the contamination of the teat skin 

with pathogens.  

 

Key parameters to estimate teat skin condition are teat skin pH and moisture. So far 

only limited information is available about teat skin moisture and pH, and even less 

information about their interaction with the teat skin flora. 

 

With respect to these facts, the research group of the Department for Hygiene and 

Technology of Milk, School of Veterinary Medicine, Hanover, Germany and the 

mastitis research group of the Dairying Research Corporation, Hamilton, New 

Zealand have given me the following topics to study: 

1. Development of methods for determination of teat skin parameters pH and 

moisture; 

2. Bacterial contamination of the teat skin in relation with teat skin or tissue 

parameters; 

3. Post milking teat disinfection with regard to its teat-conditioning 

characteristics; 

4. Teat skin and tissue reactions influenced by different pulsation modes.  
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2.  LITERATURE REVIEW  

2.1 Bovine teat tissue 

2.1.1 Anatomical structure 

The bovine mammary gland is derived from ectodermal tissue and is situated in the 

inguinal region of the cow. It represents 1.34 to 5.42 per cent of the body weight 

(JANKUS and BAUMANN 1986). It is made up of four ‘quarters’, each quarter being 

a separate milk-secreting gland drained by its own teat (WEHOWSKY and TRÖGER 

1994). 

 

The teat is located at the orifice of each mammary gland, providing a passage for 

milk. It plays an important part in the prevention of bacteria entering the udder and 

causing mastitis. To perform these roles it presents a unique structure and 

physiology. The teat is cylindrical in form, has a distinct base, body and tip, and is 

approximately 9 - 12 cm long and 3 - 4 cm in diameter (GÖTZE 1951; NICKEL et al. 

1984). The teat length can vary widely between different cows (Table 1) but is 

dependant mainly on breed (KEMPER-KRÄMER 1983) and age factors (ANDREAE 

1963; KRÖMKER and HAMANN 1998). 

 

Tab. 1: Variation in teat length, as reported in the literature 
Teat length, cm 

Min. Max. Front teats Back teats 
Author Year 

6 8 6.6 5.2 ZIEGLER and MOSIMANN 1960 

  
6.5  1. Lac. 
7.0  2. Lac.     
7.6  3. Lac. 

5.4  1. Lac. 
5.8  2. Lac. 
6.0  3. Lac. 

ANDREAE 1963 

6 8   PAIZS 1974 
  5.7 4.7 MEIN et al. 1983 

2.5 14 7 9 NICKEL et al. 1984 
6 8   MICHEL 1994 

(Lac. = Lactation) 
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2.1.1.1 Teat canal 

The teat orifice is usually situated at the centre of the teat tip (GÖTZE 1951) and is 

known as the teat or streak canal. The teat canal is approximately 3 - 18 mm in 

length (VENZKE 1940; MURPHY and STUART 1955; ZIEGLER and MOSIMANN 

1960; HUBBEN et al. 1966; McDONALD 1968b; GIESECKE et al. 1972; MILNE 

1978; KEMPER-KRÄMER 1983; NICKEL et al. 1984; MICHEL 1994) and is lined 

with a highly convoluted, keratinising epithelium. Tight closure of the teat canal 

between milkings ensures that entry of pathogens is minimised. The nature of this 

closure mechanism has attracted much discussion in the literature over the past 100 

years (KITT 1882; RIEDERER 1903; CHANDLER et al. 1969; GIESECKE et al. 

1972; McDONALD 1973; SCHULZ et al. 1974). 

 

The teat canal widens into the teat cistern. At the connection between these two 

structures a number of small folds, radiating in all directions are found. This structure 

is called ‘Fürstenberg’s rosette’ (VENZKE 1940; NICKEL et al. 1984). The teat canal 

is lined by stratified, squamous, keratinising epithelium, which is arranged in 

numerous longitudinal folds (VENZKE 1940; JANKUS et al. 1986). Proximal to the 

Fürstenberg’s rosette there is an abrupt change to a two-layered epithelium of the 

teat cistern (ADAMS et al.1961).  

 

The epithelium of the teat canal is regarded as the continued epithelium of the 

external skin. It consists of a very thick stratum corneum and stratum granulosum, 

which is thicker than the underlying stratum spinosum and stratum basale. The 

stratum granulosum is approximately 20 cell layers thick, which is unusual for 

keratinising epithelium but typical for the teat canal (SCHULZ et al. 1974). The 

stratum lucidum is missing (ADAMS et al. 1960; MICHEL et al. 1974; SCHULZ et al. 

1974), but ZIEGLER and MOSIMANN (1960) and HUBBEN et al. (1966) have found 

a stratum lucidum between the stratum granulosum and the stratum corneum. The 

following table demonstrates the different dimensions of the layers of the teat canal 

epithelium. 
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Tab. 2: Mean width (µm) of the layers of the teat canal epithelium in three 
different age groups of cows (Michel et al. 1974) 

Mean width of epithelium layers in different age groups 
Epithelium layers 

2 – 4½ years 4½ – 7 years More than 7 years 
Stratum corneum 87.9 130.4 185.5 

Stratum granulosum 185.9 263.8 328.2 
Stratum spinosum 134.4 212.3 275.5 

Stratum basale 28.5 28.9 22.4 
Total width of teat canal 

epithelium 436.73 630.8 811.8 

 

Table 2 demonstrates the dependence of the width of the teat canal epithelium on 

the age of the cow. With increasing age, the epithelium width increases accordingly 

(MICHEL et al. 1974).  

 

The basis of the epithelium is the connective tissue, which forms a papillary layer. 

The papillary body of the teat canal is very well developed, with an average papillary 

length of 0.08 - 0.64 mm (RIEDERER 1903). The direction of the papillae differs 

proximal, in the middle and at the distal part of the teat canal, as demonstrated in 

Figure 1. The thrust of the keratinisation is determined by the direction of these 

papillae (Figure 1) (SCHULZ et al. 1974). 

 

Abundant mitosis in the stratum basale and especially in the stratum granulosum 

prove a very rapid replication of the cells of the epithelium. With very intense 

keratinisation of the epidermal cells, a keratin mass is formed, which traps bacteria 

and is continuously removed by milking. These functions are part of the primary 

defence mechanisms of the teat canal against penetration of bacteria (CHANDLER 

et al. 1969; KEMPER-KRÄMER 1983; WILLIAMS and MEIN 1985; LACY-HULBERT 

and HILLERTON 1995).  
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Fig. 1: Direction of the papillae of the papillary body of the bovine teat canal 
(Schulz et al. 1974) 
 

2.1.1.2 Teat wall 

The bovine teat wall consists of three layers: a thin external epithelium, a thick 

vascular-muscular layer and an internal epithelium or mucous membrane (KITT 

1882; FOUST 1941; POUNDEN and GROSSMAN 1950; HAMANN and BURVENICH 

1994a). The external epithelium layer will be described in section 2.2.  

 

The vascular-muscular layer represents two thirds of the thickness of the teat wall, 

and contains numerous blood vessels and bundles of collagenic and elastic fibres 

(KITT 1882; RIEDERER 1903).  
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There has been much discussion about the structure of the vascular-muscular layer 

in the literature. In early descriptions, the muscle fibres were described as circular 

and longitudinal, with mainly circular fibres of tissue in the more peripheral layers. 

Foust (1941) stated that their direction in the superficial layers was largely 

longitudinal, but in deeper portions, the bundles became more and more circular. A 

large circular muscle was found around the teat canal, which was regarded as a true 

sphincter (RIEDERER 1903; FOUST 1941; MILNE 1978). VENZKE (1940) referred 

to the smooth muscles around the teat canal as an ‘involuntary muscle sphincter’ and 

HUBBEN et al. (1966) described the smooth muscle around the teat canal as 

sphincter-like. Table 3 shows the proportion of muscles as a proportion of the teat 

connective tissue found by MILNE (1978).  

 

Tab. 3: The proportion of the teat tissue occupied by various muscles, 
observations on two lactating cows (MILNE 1978) 

Position 
Circular muscle 

adjacent to internal 
teat surface 

Longitudinal 
muscle 

Circular muscle 
beneath external 
teat epithelium 

Top of teat (near annular fold) 17 45 38 
Mid-section of teat 22 36 42 

Fürstenberg’s rosette 33 36 31 
Top teat canal 28 40 32 
Mid teat canal 28 36 36 

Lower teat canal 30 34 36 
 

In more recent literature, the circular muscles around the sphincter are not accepted 

as a true sphincter. There is no anatomical evidence of the existence of a smooth 

muscle sphincter, but the smooth circular muscle fibres in the area of the teat canal 

are thought to act as a physiological sphincter (HAMANN and BURVENICH 1994a). 

These smooth muscle fibres are distributed in a complex spiral or circular-oblique 

sheet of cells, which starts at the base of the teat and ends at the teat canal 

(HAMANN and BURVENICH 1994a). It was suggested that the folds in the teat canal 

are arranged in a spiral fashion, therefore closing the teat canal by a twisting motion 

produced by recoil of the elastic fibres (GIESECKE et al. 1972). Figure 2 gives an 

overview over the different structures of the teat.  
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(A) Cross-section through the middle part of the teat (before milking) 

(B, C) Cross-sections in different heights of the teat barrel and (D) of the teat canal (after milk ejection) 

a.) skin 

b.) vessel-muscle layer 

c.) mucous membrane 

   of the teat cistern 

d.) closed teat lumen 

e.) filled veins 

f.) relaxed muscle 

g.) emptied veins 

h.) Fürstenberg’s rosette 

i.) closed teat canal 

k.) teat canal epithelium 

l.) longitudinal muscle 

m.) sphincter muscle 

 

 
Fig. 2: Cross-sections of bovine teats with filled veins (ZIEGLER and 
MOSIMANN 1960)  
 

(Published with permission of the Blackwell-Wissenschafts-Verlag GmbH, Berlin) 
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2.1.2 Circulation system  

2.1.2.1 Blood 

The arterial blood supply of the teat is provided by the teat artery (Arteria papillaris), 

which is derived of various different udder arteries. Its course follows the great veins 

near the internal epithelium of the teat wall (NICKEL et al. 1984; HAMANN and 

BURVENICH 1994a) from base to tip of the teat. In addition to the A. papillaris, 

numerous small arteries supply blood to the teat skin. Within the teat, the greatest 

blood flow is provided to the teat canal epithelium (JANKUS and BAUMANN 1986). 

 

To ensure a continuous drainage of blood from the teat during suckling or milking, 

the teat veins are numerous and have a thick wall. Even under enormous pressure, 

the thickness of the walls remains the same as the arteries (RIEDERER 1903). Most 

veins appear in the intermediate layer of the teat wall (GHAMSARI et al. 1995). They 

form abundant anastomoses and drain into a venous ring, called Fürstenberg’s 

venous ring, situated at the base of the teat (NICKEL et al. 1984). Paired valves are 

commonly found in all veins of the teat (GHAMSARI et al. 1995). 

 

Tab. 4: Microscopical structure of teat artery and vein in comparison 

Structure Large artery Large vein Thickness 
of structure* 

Tunica interna 

Lamina endotheliasis 
Stratum subendotheliale 

Membrana elastica 
interna 

Wrinkled 
 

Thick 
 

Smooth 
 

Thin or none 
 

32 µm 

Tunica media 

Smooth muscles cells 
Regularity of smooth 

muscle cells 
Collagen fibres 

Abundant 
Regular 

 
Few 

Few 
Irregular 

 
Abundant 

112 µm 

Tunica adventitia Membrana elastica externa Thin Indistinct 64 µm 

Vessel valves  None Present  
Main location in teat wall  Submucosal Intermediate  

(Altered after GHAMSARI et al. 1995; FOUST 1941; LIEBICH 1993) 

* Data: RIEDERER 1903; Thickness of Tunica interna, media and adventitia of artery near base of teat 
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The number and diameter of the blood and lymph vessels increase with age of the 

cow. More blood vessels with greater diameters have been found in animals of more 

than two years of age (GHAMSARI et al. 1995). Veins showed the increase in 

diameter more clearly than the arteries. 

 

2.1.2.2 Lymph 

The lymphatic system of the teat skin and wall is different to the system of normal 

skin. In the superficial parts of the corium, the lymphatic vessels form a polygonal 

three-dimensional network, under the basis of the papillae. The diameter of these 

vessels is within the range of 15 - 50 µm. These small lymphatic capillaries of the 

subpapillary layer pass through to the middle layer of the teat skin, where they 

connect with other vessels of 250 - 300 µm of diameter and radial direction (HAMPL 

and JELINEK 1971). Finally, they join the larger collecting vessels, with a diameter of 

more than one mm, changing their direction to longitudinal. All these lymphatic 

vessels form a ‘lymphatic corpus cavernosum’ (HAMPL and JELINEK 1971). 

 

The teat is regarded as an erectile organ, due to its musculous veins. When the milk 

ducts and udder cistern are filled with milk, these parts of the udder swell 

considerably and inhibit the gradual dismissal of venous blood from the teat. 

Consequently, the teat becomes turgid and erect (PEETERS et al. 1948).  
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2.2 Bovine teat skin 

2.2.1 Histological structure  

Histological structures of the epithelium of the teat canal, teat skin and teat cistern 

are similar in structure to the skin of other areas of the cow (ADAMS et al. 1961; 

CHANDLER et al. 1969; WILLIAMS and MEIN 1985). Nevertheless, one notable 

difference is the absence of hair and sebaceous or sweat glands (RIEDERER 1903; 

FOUST 1941; POUNDEN et al. 1950; ADAMS et al. 1961). Although 

FÜRSTENBERG (1868) mentioned sebaceous glands in his description of the teat 

skin, other authors have not confirmed this result. The suggestion has been made 

that cross-sections of the papillae in the epidermis, with their associated elastic fibres 

and blood vessels, were mistaken for sebaceous glands (RIEDERER 1903). 

 

Another difference between teat skin and the skin of other areas is the absence of a 

subcutis (WENDT et al. 1994). In consequence, the skin is tightly connected to the 

vascular-muscular layer, and is not movable against the tissue beneath. It represents 

a very coarse connective tissue with some elastic fibres, abundant small blood 

vessels, lymph vessels and nerves (RIEDERER 1903). 

 

The skin consists of the outer epidermis and the layer beneath, the corium or dermis 

(VENZKE 1940). Thickness of epidermis, horny and non-keratinised layers is 0.62 

mm, 0.02 mm and 0.6 mm respectively. An exception is the transition zone to the teat 

canal, where the horny layer is increased to 0.08 mm (RIEDERER 1903). Throughout 

the length of the teat, the epidermis consists of a dense layer of stratified squamous 

epithelium. This epithelium may be pigmented throughout its extent, including the 

teat canal (FOUST 1941).  

 

The epidermis consists of five layers. The stratum basale is a single-celled germinal 

layer, previously called the stratum germinativum (VENZKE 1940).  
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Polyhedral-shaped cells form the next layer, the stratum spinosum, which is many 

cells thick. It follows the undulations of the corresponding ridges of the corium, which 

are projecting into the epithelium. The adjacent layer is the stratum granulosum, one 

to three cells thick. The cells of this layer are slightly flattened. The stratum lucidum is 

formed of even more flattened cells, which may not always be present. The last layer 

shows non-nucleated, cornified cells, which desquamate continuously. This is the 

stratum corneum. The desquamating epithelial cells of this layer are called stratum 

mortificatum by some authors (VENZKE 1940). 

 

2.2.2 Chemophysical properties 

The first observations of an acid secretion covering the skin surface were made by 

Greek physicians (ANDERSON 1951). In 1892, HEUSS proved the acidity of the skin 

surface by histochemical analysis and observed that as the horny layer increases in 

thickness, the epidermis becomes more acid as the distance from the blood supply 

increases (CALVERY et al. 1946). 

 

In 1929, MARCHIONINI confirmed the acidic nature of human skin and postulated 

the concept of the ‘acid mantle’. The author was of the opinion that evaporation of the 

sweat on the skin surface causes an increase in concentration of hydrogen ions, 

therefore decreasing the pH of the skin surface. This ‘acid mantle’ acts as a barrier 

against bacteria (ANDERSON 1951).  

 

Lipids can also be found on the skin surface of mammals, forming a protective film or 

barrier against diseases and many kinds of external forces (HSIA 1971). The lipids 

originate from the sebaceous glands, and from the process of keratinisation of 

epidermal cells. They have an emollient effect, increasing the smoothness of the skin 

and preventing scaliness. There is evidence that the nature and form of the lipid 

molecules situated within the protein framework of the epidermis is important for the 

physiological functioning of the epidermis.  
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In man, surface lipids consist of triglycerides, free fatty acids, wax and sterol, 

squalene, with minor amounts of diglycerides and monoglycerides and possibly 

phospholipids. Skin lipids contain large proportions of unsaturated fatty acids. The 

sebaceous activity is under androgenic regulation (HSIA 1971).  

 

The question of the chemophysical properties of the bovine teat skin remains 

unanswered in the literature. The following information was obtained from the dorsal 

area of bovine skin. The major lipid fractions of the bovine sebaceous gland are the 

same as those found in the human gland (SUMMERLY and WOODBURY 1971; 

SMITH and AHMED 1976). The human triglyceride fraction has only a minor 

proportion of linoleic acid, yet bovine skin surface lipids contain a significant 

proportion of linoleic acid in the triglyceride fraction (SMITH and McEWAN 

JENKINSON 1975). This fatty acid is involved in water retention by the stratum 

corneum. Other fatty acids, found in the bovine sebum, are bacteriostatic and even 

bactericidal (NIEMANN 1954). 

 

The epidermal lipids on the dorsal area of cattle skin are restricted to the stratum 

corneum and the sebaceous glands, but no lipids are found in the basal layer, the 

living epidermis or the sweat glands. The lipids are distributed irregularly, often in 

globules and leaving much of the cornified surface uncovered. Therefore, the 

conclusion was drawn that the bovine skin lipids, which closely resemble the 

composition of sebum, are derived mainly from the sebaceous glands and form an 

emulsion with the sweat on the skin surface (SMITH and McEWAN JENKINSON 

1975; LLOYD et al. 1979). 

 

The secretions of eccrine glands in cattle skin generally leads to a neutral or alkaline 

pH on the surface of the skin. In horses and cattle, excitement causes higher 

secretional rates with a more neutral to alkaline pH on the skin, with an increase of 

one to two units within one or two minutes.  
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Skin with only small or less active apocrine glands, or without such glands, develops 

a more acidic skin pH (MEYER and NEURAND 1991). Yet, the determined teat skin 

pH, reported by these authors, was near neutral (compare Table 5). 

 

2.2.2.1 pH 

The skin pH of Ayrshire cattle of different age and sex in varying environments was 

determined with a pH-meter (Beckmann Model 76) in conjunction with a glass 

combination electrode (Beckman No. 39182) (McEWAN JENKINSON and MABON 

1973). A significant effect of age on skin pH was not observed, but there was a 

significant difference between the male castrates and the females. Young heifers had 

a lower skin surface pH than young castrated males. 

 

A portable pH-meter connected to a combined flat-surface electrode with a ring 

diaphragm was used to measure the skin pH of German Black Pied, Red Pied 

Lowland and Friesian cows (MEYER and NEURAND 1991). 

 

Tab. 5: The pH of different body locations in cattle, as obtained by McEWAN 
JENKINSON and MABON 1973 and MEYER and NEURAND 1991 

Body location x pH (± sd)* x pH (± sd)† 
Muzzle 6.40 6.91 (± 0.20) 
Teat              6.13 (±± 0.06) 6.80 (±± 0.28) 

Udder 5.75 NR 
Rump 5.73 NR 
Knee 5.73 NR 
Neck 5.56 NR 

Cheek 5.54 NR 
Middle rib cage 5.50 6.94 (± 0.69) 

Dorsal area 5.47 6.68 (± 0.27) 
Shoulder 5.45 NR 
Abdomen 5.39 6.67 (± 0.33) 

* Data: McEWAN JENKINSON and MABON 1973; 

† Data: MEYER and NEURAND 1991;  

NR = not reported 
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McEWAN JENKINSON and MABON (1973) observed significant differences in skin 

surface pH between body locations; MEYER and NEURAND (1991) obtained no 

significant differences. These opposite results might be a consequence of the 

different techniques used by the scientists, the dissimilar breed of animals, and may 

also be due to the fact that MEYER and NEURAND did not clip the area before 

measurements. 

 

The teat had a significantly lower pH than the muzzle, but had a higher pH than any 

other part of the body (McEWAN JENKINSON and MABON 1973). In the data of 

MEYER and NEURAND (1991), the teat skin pH was in the same range as the pH of 

other body areas. 

 

2.2.2.1.1 Environmental influences 

The following results were obtained on cattle skin of the dorsal area, not on teat skin. 

In the literature, this kind of information does not seem to be available for teat skin. 

 

The skin surface pH of Ayrshire cattle of different age and sex is not influenced by 

the environmental temperature, relative humidity or by the time of day or week. 

Exposure to 40°C for 6 h however resulted in a significant increase in skin pH (from 

5.70 ± 0.11 to 6.60 ± 0.11 (P < 0.01)) (McEWAN JENKINSON and MABON 1973). 

The authors are of the opinion that the increase in alkalinity of the skin surface is due 

to excretion of alkaline substances from the blood, perhaps bicarbonate. This is 

based on the results of BIANCA and FINDLAY (1962), who found that the exposure 

of calves to such extreme temperatures and humidity increases the blood pH 

markedly as a result of hyperventilation. 

 

The diet has no influence on the skin pH, but large variation in pH between animals 

could be observed (McEWAN JENKINSON and MABON 1973).  
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2.2.2.2 Moisture 

The moisture content of the skin is an important factor in human dermatology. If an 

excised piece of skin is dried out, it becomes hard and brittle and the application of 

oil or fat does not change this. Yet, if it is allowed to absorb some moisture, the skin 

becomes soft and pliable again. This simple experiment demonstrates the 

importance of moisture for the skin condition (BLANK 1952). The epidermis receives 

water from the sweat glands and from the underlying tissues by diffusion. It loses 

water to the environment by evaporation, yet the stratum corneum has a low water 

permeability (KLIGMAN 1964). 

 

The loss of water to the atmosphere is of a much higher rate than the diffusion of 

water from the underlying tissue. In consequence, the stratum corneum is drying out 

under certain conditions (BLANK 1952).  

 

Because of these findings, the existence of a thin barrier against water loss from the 

tissues underneath the stratum corneum was assumed (BLANK 1953). This 

hypothesis was tested by progressively stripping the stratum corneum of abdominal 

skin. Very little change in the rate of water loss was demonstrated until the final layer 

of stratum corneum or the upper layer of the underlying tissue was removed, and 

then a rapid increase in rate of water loss was observed (Figure 3). Thus, neither the 

lipid film on the surface of the skin, nor the stratum corneum itself represent the 

major barrier against water loss. A very thin barrier must exist near or at the base of 

the stratum corneum, which separates most of the water of the underlying tissues 

from the stratum corneum (BLANK 1953).  
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Fig. 3: Effect of stripping human abdominal skin with adhesive plaster on the 
rate of diffusion of water through the skin (BLANK 1953) 
 

This barrier is of great importance for the body. It allows survival in dry environments 

by limiting the loss of water from the living tissues of the body to the atmosphere. It 

prevents water losses higher than 0.2 to 0.4 mg/h/cm2 (TAGAMI 1982). On the other 

hand, the stratum corneum is able to lose water freely to the environment; therefore, 

it would dry out under most environmental conditions. Yet, it is also able to obtain 

moisture from the environment. Figure 4 demonstrates the concentration of water in 

human stratum corneum at 30°C as a function of the relative humidity of the 

environment.  
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An equilibrium state between evaporation and loss of moisture of the stratum 

corneum is reached at about 60 per cent. In this state, the stratum corneum contains 

approximately 10 per cent water of dry weight, and remains soft and pliable (BLANK 

1952). If the water content drops below 10 per cent, the skin will become brittle and is 

in danger to chap. In this situation, the lipid content of the stratum corneum can not 

prevent it from becoming brittle (BLANK 1953).  

 
Fig. 4: Concentration of water in human stratum corneum (g * cm-3) in 
equilibrium with air at 30°C as a function of relative humidity (%) (BLANK et al. 
1984) 
 

Figure 4 shows that between 30 to 80 per cent relative humidity the concentration of 

water of the stratum corneum remains almost unaltered. Within this range, the 

stratum corneum is able to maintain a water concentration that keeps it in a flexible 

state (BLANK et al. 1984). 
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LLOYD and McEWAN JENKINSON (1980) mentioned the connection between 

bovine skin temperature and cutaneous moisture loss of the dorsal area, which was 

determined by the method of McLEAN (1963), described in section 2.3.1. These 

results can be found in Table 6. 

 

Tab. 6: Mean skin water loss and skin temperature (±± standard deviation) 
(LLOYD and McEWAN JENKINSON 1980) 

Temperature °C Rel. humidity % Water loss g/m²*h Skin temperature °C 
15.2 37  8.2 ± 0.16 35.0 ± 0.12 
29.7 41 64.7 ± 2.27 37.2 ± 0.09 
15.4 85  9.9 ± 0.02 36.0 ± 0.12 
30.5 78 47.9 ± 1.17 37.6 ± 0.71 

 

The skin water loss was greatest in warm environments, the surface temperature 

increased for higher humidity. 

 

The moisture of skin can be influenced by the application of various skin care 

products. In human medicine, the effects of ‘moisturisers’ (products that increase the 

moisture of the stratum corneum) on skin have been extensively studied. One 

application of a 10 per cent urea cream for example, resulted in an increase in skin 

moisture for at least 30 minutes, while petrolatum caused no initial moisturising 

effect, yet a slow increase in moisture over a longer period, probably because of its 

occlusive effect (TAGAMI et al. 1980; TAGAMI 1982). 

 

BÜSCHER and LIPPOLD (1994) studied the moisturising effects of nine different 

emollients on human skin. It was found that propylene glycol, urea, sodium lactate 

and glycerol increased the moisture of the skin significantly between seven and 12 

per cent. As in some experiments of this study, a capacitance device (Corneometer 

CM 820, Courage and Khazaka electronic GmbH, Cologne) was used. 

 

Very little information is available about the influence of the cow’s environment on 

teat skin moisture.  
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A smooth, healthy and moist teat skin is less likely to become chapped and therefore 

possibly carries fewer resident bacteria. This reduces the likelihood of contamination 

of the teat canal (Fox et al. 1990). Teat skin moisture is one factor of teat skin 

condition. The influence of this parameter on new intramammary infection (IMI) was 

emphasised frequently by different authors (SIEBER and FARNSWORTH 1981; 

FRANCIS 1984; FOX 1992). Bad teat skin condition, for example eroded teat skin, is 

known to be particularly susceptible to colonisation by coagulase-negative 

staphylococci (SHARPE et al. 1962). Teat lesions were connected to increased 

subclinical mastitis (AGGER and WILLEBERG 1986), and teat skin chaps have been 

correlated to colonisation with S. aureus (FOX et al. 1991; BURMEISTER et al. 

1998a). The severity of teat skin chapping has been associated to the degree of S. 

aureus colonisation (FOX et al. 1991; FOX and CUMMING 1996).  

Further information about the relationship between teat skin condition and the 

prevention of new IMI will be given in section 2.4.3. 

 

2.2.3 Microbiological flora 

Most skin surfaces support a natural, intrinsic microbiological flora. Some bacteria 

colonise, grow and multiply on the skin, and are considered part of the normal, 

resident flora of the skin.  

 

Evaluating the flora of living skin is a difficult and complicated procedure (CULLEN 

and HERBERT 1967).  

 

2.2.3.1 Resident 

The resident flora of teat skin has been examined using scanning electron 

microscopy, discovering that the natural flora was not spread uniformly over the skin. 

Only a very small part of the surface was covered with bacteria and some were 

present in small niches of the skin (FIRSTENBERG-EDEN et al. 1979). 
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A tape stripping technique was used to investigate the teat skin flora (ORR and 

TAYLOR 1968). The authors applied 15 tapes successively to the same area of teat 

skin and determined the total bacteria count. A gradual decline in the counts from 

successive tapes was noted, which reflected the numbers of bacteria within the 

different layers of the stratum corneum. These results show that the bacteria not only 

stick to the surface of the stratum corneum, but also can be recovered from as many 

as 15 cell layers of the stratum corneum.  

 

Cows of different age and breed (kept on grass) were chosen to study their teat skin 

flora by swabbing twice a week before the afternoon milking. The teat canal and milk 

were also sampled on the same occasions (CULLEN and HERBERT 1967). All 13 

cows were in the same stage of lactation. The following types of organisms were 

found, in descending order: 

 
1. Coagulase-negative, non-haemolytic staphylococci 
2. Coagulase-negative, slightly haemolytic staphylococci 
3. Corynebacterium bovis (mainly in milk) 
4. Aesculin-splitting streptococci 
5. Staphylococcus aureus  
6. Streptococcus uberis 
7. Viridans streptococci (α-haemolytic, non-aesculin-splitting) 
8. Bacillus spp. 
9. Actinomyces spp. 
10. Coliform organisms, mainly E. coli 
11. Pseudomonas spp. 
12. Proteus spp. 
 

Only the first four groups could be included in the statistical analysis, because the 

rest did not occur in sufficient numbers. 

 

Comparing the three different sampling locations, the authors found that the teat skin 

yielded significantly higher numbers of coagulase-negative, non-haemolytic 

staphylococci, coagulase-negative, slightly haemolytic staphylococci and aesculin-

splitting streptococci than the teat canal or milk (CULLEN and HERBERT 1967). 

Seasonal trends for staphylococci and streptococci could not be observed, only C. 

bovis showed a significant decline during the season.  
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Marked differences in colony counts between quarters of the same cow were found. 

Some quarters yielded higher bacteria counts than others, which was a steady 

tendency throughout the lactation. 

 

Mastitis pathogens were not observed very frequently. Sc. uberis was isolated mostly 

on the teat skin and in milk, whilst S. aureus occurred mostly on the teat skin. 

Between cows, differences in colony number and distribution of colonies were noted 

(CULLEN and HERBERT 1967). Other investigators (ORR and TAYLOR 1968) 

observed coagulase-negative staphylococci as the predominant group of bacteria 

present on teat skin. S. aureus was not isolated from the teat skin despite S. aureus  

infections existing in some of the cows. 

 

The resident teat skin flora of 10 heifers was examined by WOODWARD et al. 

(1987). Aerobic isolates from around the teat orifice of each teat were determined by 

swabbing. No information was given as to whether these cows were kept indoors or 

on grass. Most heifers had corynebacteria, staphylococci, bacilli and Acinetobacter 

spp. on at least three of four teats. Other genera were present on at least one or two 

teats per heifer. Table 7 demonstrates the teats colonised per heifer with each genus 

of normal flora. 

 

Tab. 7: Teats colonised per heifer with each genus of normal flora 
(WOODWARD et al. 1987) 

Number of teats per heifer colonised Normal flora isolates 
504a 546 532 545 534 518 536 516 512 517 

Acinetobacter spp. 3 3 3 4 4 4 4 3 4 4 
Aerococcus spp. 0 0 0 0 0 1 0 1 0 0 

Bacillus spp. 4 4 3 4 2 2 3 0 0 2 
Corynebacterium spp. 4 3 3 4 4 3 4 4 4 4 

Micrococcus spp. 1 0 0 2 0 1 2 2 1 0 
Pseudomonas spp. 1 0 0 0 0 0 0 0 0 0 

Serratia spp. 0 0 0 0 0 1 0 0 0 0 
Streptobacillus spp. 0 0 0 0 0 0 0 0 0 1 
Streptococcus spp. 0 0 0 0 0 0 1 1 0 0 
Streptomyces spp. 1 0 0 0 0 0 0 0 0 0 

Staphylococcus spp. 4 4 4 3 4 4 4 4 4 3 
Yeasts 0 0 2 0 0 0 0 0 0 0 

a Heifer identification number 
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Four to eleven different colony types were found on teat skin and 23 - 32 different 

colony types per heifer, shown in Table 8 (WOODWARD et al. 1987). 

 

Tab. 8: Distribution of normal flora (WOODWARD et al. 1987) 
Number of colony types * 

 
Range x (± sd) 

Flora per teat 4 - 11   7  (± 2) 
Flora per heifer 23 - 32 28   (± 3) 

* Colony types counted because some were identified to species, but others only to genus 
 

In another experiment, the teat skin flora of eleven cows during the first four weeks of 

the dry period and of 17 neonatal calves during their first two to three months of life 

was investigated (WOODWARD et al. 1988). In cows, large Gram-positive rods 

typical of Bacillus spp. and Streptomyces spp., smaller coryneform Gram-positive 

rods, Gram-positive cocci and a few Gram-negative rods of several colony types 

were detected. The predominant bacteria were the large Gram-positive rods and 

Gram-positive cocci (WOODWARD et al. 1988).  

 

The same authors followed the acquisition of resident flora on seven neonatal calves 

during a 44-day sampling period. No information is given about the bedding material 

or the environment of these calves. Large Gram-positive rods, coryneform Gram-

positive rods, Gram-negative rods and Gram-positive cocci were detected as a 

mixture in the first two to three days of life, with the Gram-negative rods the 

predominant group. After two days, the Gram-positive cocci increased in numbers, 

until they predominated from Day 5 on. The dominant Gram-positive cocci were 

identified and biotyped. S. hominis (biotype a), S. epidermidis (biotypes b and c), and 

S. hyicus (biotype d) were the most common bacteria found in the normal flora of 

these calves (Table 9). 
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Tab. 9: Acquisition of resident flora: occurrence and distribution of 15 Gram-
positive cocci biotypes found on teat skin of newborn calves (WOODWARD et 
al. 1988) 

Species (biotype)  Number of calves with 
the same biotype 

Times biotype found 
(%) n = 48 

S. hominis 1 (a) 7 18 (38) 
S. epidermidis (a) 1 7 (15) 
S. epidermidis (b) 2 6 (13) 
S. hyicus (a) 1 4  (9) 
S. epidermidis (c) 1 2  (4) 
S. epidermidis (e) 1 1  (2) 
S. epidermidis (f) 1 1  (2) 
S. aureus (a) 1 1  (2) 
S. aureus (b) 1 1  (2) 
S. xylosus 1 (a) 1 1  (2) 
S. xylosus 2 (b) 1 1  (2) 
S. hominis 1 (b) 1 1  (2) 
S. capitis (a) 1 1  (2) 

Micrococcus sp. (a) 1 1  (2) 
 

It was concluded that coagulase-negative staphylococci represent the major resident 

flora on teat skin of calves (WOODWARD et al. 1988).  

 

Investigations of the distribution of coagulase-negative staphylococci in milk samples 

and on teat skin of dairy cows showed a differing prevalence. S. xylosus, S. sciuri 

and S. haemolyticus predominated in the teat skin and teat apex samples. In milk 

samples with raised California Mastitis Test (CMT) scores, S. epidermidis, S. hyicus 

ssp. chromogenes and S. simulans were found. Strains like S. cohnii, S. capitis, S. 

hyicus ssp. hyicus and a heterogenous collection of micrococci were isolated from 

teat swab samples, but not from milk samples (DEVRIESE and KEYSER 1980). 

 

Some authors observed a consistency of either high or low populations of specific 

bacterial species on individual teats, but no specific information about type or amount 

of bacteria was given (ZARKOWER and SCHEUCHENZUBER 1977). Most cows 

have a characteristic level of staphylococci on teat skin. On some teats, a persistent 

low level of CNS could be obtained despite the fact that one or more quarters of 

these cows had a chronic S. aureus infection (ORR and TAYLOR 1968).  
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RENDOS et al. (1975) agreed with the results of CULLEN and HERBERT (1967) 

that, regardless of bedding type, staphylococci were most numerous and streptococci 

were also common on teat skin, but only a few coliforms could be found (RENDOS et 

al. 1975).  

 

2.2.3.2 Transient 

It is not easy to distinguish between the resident and transient flora of teat skin, as it 

is in contact with many sources of bacteria like bedding material, soil, water or 

others. 

 

The teat end population of bacteria is dependant on the bedding material. It has been 

found that coliforms were most common on the teat ends of cows bedded on 

sawdust whilst streptococci were most numerous on cows living on straw and 

sawdust. The staphylococci population was greater on teats of cows bedded on 

straw or sawdust than for those bedded on wood shavings. These results showed no 

correlation with IMI incidence (RENDOS et al. 1975). 

 

The influence of disinfectant washes prior to milking on teat skin bacteria counts 

varied between cows on grass and housed animals. The total count after washing 

was higher than before washing for cows on grass. For housed cows, bacteria counts 

were lower after washing, but still higher than the counts after washing of cows on 

grass. A general increase in bacteria counts for bovine teat skin of housed cows was 

observed (ORR and TAYLOR 1968). An increase in staphylococcal counts during 

May, early June and October (being the wettest months of this trial) was also 

discovered (ORR and TAYLOR 1968). 

 

No significant differences between teats washed with a pre-milking iodine solution 

(Iosan Udder Wash, Babson Bros. Co., Oak Brook, ILL) and unwashed teats could 

be found (ZARKOWER and SCHEUCHENZUBER 1977).  
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The number of total colonies, staphylococci, streptococci, Gram-negative lactose 

fermenters and Gram-negative lactose non-fermenters per swab sample were 

compared. In another experiment, a significant reduction in numbers of total colony 

forming units and staphylococci for teats that were dipped post milking with an 

iodophor (Bovadine, West Chemical Co., Long Island City, N.Y.) was observed, 

compared with undipped teats, but could not determine any effect on streptococci. As 

the staphylococci population was reduced in the morning and evening sample, it was 

concluded that the effect on staphylococci lasted for at least 16 hours (ZARKOWER 

and SCHEUCHENZUBER 1977).  

 

Sc. uberis was isolated frequently from teat skin and other areas of the body of cows 

on grass during lactation and the dry period, without causing IMI (RAZAVI-ROHANI 

and BRAMLEY 1981). Thus, this organism is widely distributed in the normal 

environment of dairy cows at pasture. The teats of these cows are therefore 

frequently exposed to this organism (BRAMLEY et al. 1979; RAZAVI-ROHANI and 

BRAMLEY 1981). 

 

2.2.3.3 Predisposition for mastitis 

Although the mechanism of how bacteria enter the mammary gland is still not fully 

understood, experiments support the theory that most organisms that establish IMI 

enter the gland through the teat canal (HAMANN and TOLLE 1978; WOOLFORD 

and PHILLIPS 1978; O’SHEA 1987). Therefore, it is an important principle of hygiene 

to decrease the number of pathogens on teat skin. This is done by disinfectant 

washes and post milking teat dips or sprays (McDONALD 1968b; 1970; NEAVE et al. 

1969; EDWARDS and SMITH 1970; SCHULTZE and SMITH 1972; PHILPOT and 

PANKEY 1975).  

 

The influence of the environment on teat skin and its connection to IMI was already 

observed by NOTTBOHM in 1928. Approximately 61 per cent of observed mastitis 

occurred in the left hindquarter and a relation to the preference of these animals to lie 

on the left side of the body was suggested.  
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It has been shown that the number of experimentally applied microorganism to the 

teat end influences the incidence of IMI (NEAVE and OLIVER 1962). The greater the 

number of microorganisms applied to the teat end, the higher was the incidence of 

infection (BRAMLEY and DODD 1984). McDONALD and PACKER (1968) 

discovered that a similar degree of exposure with Gram-negative rods (coliform 

organisms) and Gram-positive cocci resulted in the same incidence of IMI as the 

natural exposure to a similar degree of S. epidermidis.  

 

Several experiments have demonstrated that exposing teat skin to experimentally 

high numbers of pathogens results in an increased rate of IMI for exposed quarters 

compared to control quarters (NEAVE and OLIVER 1962; FOX et al. 1990; FOX et 

al. 1991). Yet, corresponding comprehensive information on the degree of 

contamination of bovine teat skin under practical farm conditions is rare.  

 

To evaluate the value of different disinfectants as teat dipping agents their bacterial 

action on micrococci and non-agalactiae streptococci was tested (TRIPATHY et al. 

1963). Immediately after milking, each teat was swabbed, then dipped in a test 

solution and approximately two minutes after dipping, swabbed again. The mean 

percentage of reduction of micrococci and streptococci per teat is presented in Table 

10. 

 

Tab. 10: Mean percentage of reduction in numbers of micrococci and 
streptococci other than Sc. agalactiae on the teat surface (altered after 
TRIPATHY et al. 1963) 

x % reduction per teat after dipping 
Disinfectant Concentration 

No. of cows used 
for each group of 

organism Micrococci Streptococci 

Roccal 200 ppm 2 47.7 55.0 
Iosan 100 ppm 2 36.6 40.3 

Nolvasan 600 ppm 2 68.1 68.3 
B.K. chlorine-bearing 

powder 200 ppm 2 48.5 62.5 

Pennsan 200 ppm 2 29.3 51.1 
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The active components of the five different solutions can be characterised as follows: 

Roccal:     Quarternary ammonium compound 
Iosan:  Liquid iodine preparation with 1.75 per cent 

available iodine 
Nolvasan:  Synthetic chemical with 2 per cent of hexa-

methylenebis diacetate 
BK chlorine-bearing powder:  50 per cent calcium hypochlorite 
Pennsan:     Combination of a wetting agent and an acid 
 

Four cows were included in these experiments; two of them had a natural udder 

infection with haemolytic staphylococci, one was artificially infected with Sc. uberis 

and the last with Sc. faecalis. All cows shed organisms from one or more quarters in 

milk over the whole experimental period. Therefore, no corresponding information 

about new IMI could be obtained.  

 

In 1972, SCHULTZE and SMITH measured changes in the natural skin microflora, 

without any attempt to contaminate the teat skin artificially. Sampled six hours after 

dipping with several different solutions, including iodophors, a reduction in 

recoverable staphylococci (S. epidermidis, S. aureus, Micrococcus spp.) was 

reported. These results are displayed in Table 11. It was necessary to select teats 

with a high natural population of microorganisms during pre-treatment observations, 

to evaluate effectiveness of the preparations in reducing the microflora of the teats. 

Therefore, only 20 - 40 quarters with a staphylococcal score of 150 or greater were 

included (SCHULTZE and SMITH 1972). 

 

Tab. 11: Reduction of teat apex microflora after use of various teat dips 
(SCHULTZE and SMITH 1972); values are cow means 

 Treatment 

Trial Iodophor 
1% 

Hypochlorite 
4% 

Chlorhexidine 
0.2% Water None 

1 88.4 75.6 - 16.0 +12.3 
2 82.7 66.2 - 9.6 +  7.1 
3 82.5 40.6 - 20.4 29.7 
4 91.6 90.1 - - - 
5 96.5 - 94.8 - - 

Weighted 
average 88.1 67.6 - 15.3 1.9 
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Considering infection by Gram-positive cocci only, both teat dips were equal in 

efficacy against new IMI, with reductions of 81 per cent for chlorhexidine and 79 per 

cent for the iodophor. 

 

2.2.3.4 Methods to evaluate teat skin condition 

To evaluate teat skin condition different methods have been used in the past. Most of 

these methods are subjective, using visual or tactile scoring criteria, performed by 

individual people.  

 

The visual scoring system used by FOX et al. (1991) estimated the severity of 

chapping and the percentage of chapped teat skin. It was designed to interpret the 

rate of healing after a chapping treatment. The scoring scale consisted of four 

different scores, ‘4’ indicating that more than 75 per cent of the teat was chapped and 

‘1’ that the teat was devoid of scales, scabs or chaps. All chapped teats were 

challenged with S. aureus. Healing of teat skin was defined as teat skin condition in 

this experiment and was correlated to the colonisation with S. aureus (FOX et al. 

1991).  

 

To evaluate naturally occurring teat skin and teat end lesions GOLDBERG et al. 

(1994a) also used a visual, subjective scoring system. For the classification of teat 

end lesions, they based their scores on the system developed by SIEBER and 

FARNSWORTH (1981). Their scores included ‘1’ for normal, smooth teat orifices and 

up to ‘4’ for acute, ulcerative or haemorrhagic appearance of the teat orifice with or 

without scabs.  

 

The teat skin condition scores used by GOLDBERG et al. (1994a) were based on the 

diagnoses of FRANCIS (1984). The scale comprised of ‘1’ for normal skin to ‘5’ for 

severely damaged and ulcerative skin with scabs or open lesions, with warts present. 

This system has not been correlated to S. aureus colonisation. 
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In human dermatology, the transepidermal water loss (TEWL) is used to evaluate 

skin moisture (BLICHMANN and SERUP 1988) or differences in skin nature as 

between black and white skin (WILSON et al. 1988). It is known to be a sensitive, 

direct and quantitative measure. When the water barrier function of the skin is 

impaired, the TEWL rises; therefore, it is associated with poorer skin condition 

(TAGAMI and YOSHIKUNI 1985; SALTER 1987). More information about this 

technique will be given in chapter 2.3.1. 

 

BURMEISTER et al. (1996) have tested this measurement technique on bovine teat 

skin. The TEWL appeared to provide the ability to monitor teat skin health to a certain 

degree. It was recommended to randomise the treatments (for example teat 

sanitisers) within cow, to compare the treatment on a within-cow basis, to measure 

the distal half of the teat and to perform the measurement at a consistent time before 

milking. 

 

The TEWL of experimentally chapped teat skin has been examined and compared as 

an objective measure to the visual scoring system of GOLDBERG et al. (1994a) 

(BURMEISTER et al. 1998a). A significant correlation of TEWL with S. aureus counts 

failed (Table 12).  

 

Tab. 12: Correlation between visual teat skin condition score, TEWL and 
Staphylococcus aureus colonisation of teat barrel skin1 (BURMEISTER et al. 
1998a) 

Method of evaluation No. of observations Correlation coefficient P-value 
Visual scores 320 0.53 0.0001 

TEWL 256 0.02 0.7000 
1Log 

e of colony-forming units per millilitre of swabbing solution 
 

These results indicate that the visual scoring system is superior to the evaluation of 

TEWL for predicting the susceptibility of teat skin to colonisation by S. aureus 

(BURMEISTER et al. 1998a).  
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In another experiment, TEWL measurements were used for evaluation of the effects 

of pre-and post dip disinfectants on teat skin condition (BURMEISTER et al. 1998b). 

Although slight differences among the post dips were detectable with TEWL 

measurements, the authors did not consider the method practical for dairypersons or 

researchers, because it was time consuming, expensive and required great efforts to 

control the cows and environmental influences.  

 

In an alternative attempt to find an objective measure for teat skin condition, a 

cutimeter has been used (HAMANN 1985; FOX and CUMMING 1996). The effects of 

S. aureus colonisation and teat skin chapping on the thickness of the teat tip and 

barrel were studied. A significant correlation between teat barrel thickness, S. aureus 

colonisation and chapping was obtained (FOX and CUMMING 1996).  

 

BURMEISTER et al. (1998b) have also used the cutimeter to assess teat skin 

condition, but it did not appear to be sufficiently sensitive to monitor effects of teat 

dips on teat skin condition. 

 

2.2.3.4.1 Evaluation of skin moisture 

Moisture content of the skin surface has been measured with different methods. The 

parameter is widely accepted in human skin medicine for evaluating skin condition. It 

was demonstrated to be a sensitive evaluation method for the changes in skin 

hydration (BLICHMANN and SERUP 1988; BÜSCHER and LIPPOLD 1994). Yet, 

most methods were never used on teat skin. 

 

In early literature, cutaneous moisture vaporisation of bovine skin has been 

measured with direct or indirect methods (McLEAN 1963). For the direct method, a 

cup or capsule was used, inverted over a small area of skin containing some 

desiccated material. The moisture vaporisation was determined by weighing this 

material after a period of five to 20 minutes (FERGUSON and DOWLING 1955; 

McLEAN 1963).  
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For observing the moisture vaporisation indirectly, the whole animal was placed into 

a hygrometric tent. The evaporation was obtained by calculating the difference from 

simultaneous measurements of total evaporation and respiratory evaporation 

(McLEAN 1963). With the indirect method, results between 112 - 180 g/m²*h are 

reported by different authors, summarised by McLEAN (1963). The vaporisation of a 

defined area of the skin obtained with the capsule methods varied between 157 

g/m²*h and 650 g/m²*h.  

 

In human medicine, a lot of different methods have been used over the years, to 

assess the physical condition of the living skin and provide means for evaluating the 

efficacy of moisturisers (QUATTRONE and LADEN 1976).  

 

The transpirometry measures the rate of moisture release from the skin into a stream 

of dry nitrogen that is then compared to an independent stream of the same gas in a 

gas chromatograph.  

 

With the aid of low magnification photography or scanning electron microscopy of 

skin impressions taken without damaging the skin, the effects of different 

moisturisers on skin could be observed. However, they required a lot of technical 

equipment and time per measurement (QUATTRONE and LADEN 1976).  

 

Other attempts to measure the moisture content of skin were based on its electrical 

properties (like high electrical resistance or impedance) to evaluate the hydration of 

skin in vivo. The stratum corneum itself is only slightly conductive, especially when 

dry. However, as soon as it is moisturised, it is more sensitive to an electrical field. 

The water molecules combine the keratin chains and provide them and the ions in 

the intercellular spaces with more movement. As they are dipolar themselves, the 

moisturisation of the stratum corneum is measurable with the aid of an electrical field 

(LEVEQUE and DE RIGAL 1983). 
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The skin surface hydration was determined with an instrument that measures the 

resistance and capacitance to the high frequency current of 3.5 MHz. The 

conductance (conductance = 1/resistance) was then calculated from these 

measurements. It directly reflects the in vivo hydration state of the superficial corneal 

layer and shows changes parallel to the water content, while the resistance is in a 

reciprocal relation to it (TAGAMI et al. 1980). Resistance and capacitance contribute 

to the impedance of the skin, which is defined as the total electrical opposition to the 

flow of an alternating current (formula given in the Appendix). In older instruments, 

the impedance was measured only (TAGAMI 1982).  

 

The contact of skin with water, even for only a second, caused a great increase in 

conductance, even if the skin seemed dry. Yet, if electrolytes were artificially applied 

to the skin surface, the conductance values were not influenced. Stripping the skin 

with tape gradually increased the measured values of conductance, however, the 

amount of tissue fluid beneath the intact stratum corneum did not affect the 

measurements. Therefore, it was concluded that the principal hydration detected by 

this method was that of the outermost portion of the stratum corneum. Moisturising 

effects of urea cream, hydrophilic ointments or petrolatum could be determined with 

this method (TAGAMI et al. 1980; TAGAMI 1982). 

 

The electrical parameters of the skin surface are affected by changes in skin 

temperature, sweat gland activity, and occlusive effects and are dependent on the 

application pressure of the probe and other factors. Therefore, a hydration index was 

developed, that is unaffected by these influences (SALTER 1987). 

 

Evaporimety is used to assess the exchange of water across skin. The major part of 

the insensible perspiration is the TEWL, which is measured with an evaporimeter. 

The TEWL is obtained by determining the vapour pressure gradient in the water 

boundary layer, which is proportional to the amount of water vapour passing through 

the boundary layer per unit time and area by evaporation from the skin surface 

(FRÖDIN et al. 1988). The measuring probe consists of a cylindrical chamber with 
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sensors for the registration of the relative humidity and the temperature. TEWL 

values are given in g/m²*h. Generally, this method is utilised for the investigation of 

occlusive effects of skin care products. The greater the occlusivity of the product, the 

greater the reduction in TEWL will be (SALTER 1987). Evaporimetry has 

encountered various problems, like long equilibration times and high requirements for 

the control of the environment (SALTER 1987; BURMEISTER et al. 1998b).  

 

A method specifically introduced for the determination of the skin hydration is the 

optothermal infrared spectrometry. The technique is based on detecting the heat, 

which is generated in a sample due to absorption of periodic monochromatic 

radiation with a wavelength of 1940 nm. At this wavelength, water has a highly 

specific absorption band. Results are given on a per cent scale, 100 per cent being 

contact with pure water and zero per cent with air (FRÖDIN et al. 1988). By altering 

the frequency, it is possible to measure into different depths of the skin. This method 

is regarded as useful in measuring the hydration of the stratum corneum and effects 

of moisturisers on skin. It was also compared to the TEWL measurements. In 

comparison, the evaporimeter is not able to give any information about the hydration 

state of the stratum corneum; it only gives information about the barrier function of 

the stratum corneum. In the mentioned study, the applied moisturisers had no effect 

on TEWL, but increased the moisture of the skin of the test persons (FRÖDIN et al. 

1988). 

 

In the same study the electrical capacitance method, using a Corneometer CM 420 

(Schwarzhaupt Medizintechnik GmbH 5000, Cologne, Germany) was compared with 

the optothermal infrared spectrometry. The principal of this method will be described 

in chapter 3.2.3.1, as this technique was used in this thesis. Although the electrical 

capacitance method and the optothermal infrared spectrometry are based on 

different principles, the results of both methods showed the same tendencies and 

could be correlated with each other. With both methods, the authors were able to 

demonstrate a significant increase in hydration of the stratum corneum after 

application of emollient lotion or cream (FRÖDIN et al. 1988).  
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Evaporimetry, electrical conductance (Skicon-100hydrometer) and electrical 

capacitance (Corneometer CM 410®) were compared by BLICHMANN and SERUP 

(1988). They determined the skin moisture level with all three methods (pre-values), 

applied distilled water to the measuring area afterwards and measured the skin 

moisture again. The results are given in Figure 5. The three methods showed 

increased values immediately after application of water, with a subsequent decrease. 

It was concluded that all three methods are relevant for assessment of skin moisture, 

with the Corneometer CM 410 thought to be better suited for measurement of 

decreased hydration, due to its high base level. Studies of reproducibility (given in 

Table 13) indicate that the corneometer is more accurate than the Skicon-

100hydrometer.

 
Fig. 5: Measurement of electrical conductance (O--), electrical capacitance 
(O___) and TEWL (zz___) in 10 subjects on the forearm. Successive 
measurements during ten-min period after application of water. Mean and 
standard deviation (BLICHMANN and SERUP 1988) 

Pre-value 
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Tab. 13: Reproducibility of the Skicon-100hydrometer, the Corneometer CM 
410 and the evaporimeter in three individuals, determined by ten repeated 
measurements on the same side of the palm of the hand and the forearm 
(BLICHMANN and SERUP 1988) 

Forearm Palm of hand 
Device Pro-

band x sd cv (%) x sd cv (%) 

1 46.0 5.46 11.9 49.6 15.04 30.3 

2 64.9 12.84 19.8 51.3 14.97 29.2 

3 29.5 5.56 18.9 144.0 25.65 18.5 
Skicon-100 

       

1 104.0 1.76 1.7 86.7 2.36 2.7 

2 123.2 1.14 0.9 82.4 2.22 2.7 

3 102.2 2.30 2.3 94.3 1.49 1.6 
Corneometer CM 410 

       

1 4.1 0.32 7.7 30.9 4.36 14.1 

2 9.7 0.82 8.5 28.4 1.65 5.8 Evaporimeter 

3 5.2 0.79 15.2 40.6 3.20 7.9 
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2.3 Machine milking 

Twice daily, the teat is in contact with a milking machine, and between milkings, with 

the environment. Both machine and environment provide many sources of 

contamination from potential pathogens as well as a number of factors that may 

influence teat condition. Factors related to the individual cow such as its physiological 

status may also affect condition of the teat skin. Ultimately each of these factors can 

increase the risk of new IMI.  

 

Since the frequency and extent of the microbiological challenge to the teat affects the 

likelihood of IMI (BRAMLEY and DODD 1984), hygienic management of the cows 

environment has an important influence on the risk of mastitis.  

 

2.3.1 Hygiene management  

The environmental issues can be grouped into internal (within housing) and external 

(outside housing) factors (HAMANN 1989).  

 

The external factors include climate, geography, tradition, topography and pasture 

management. The internal factors consist of type and housing itself, the microclimate 

within the housing environment, the feed and feeding techniques and hygiene 

management (HAMANN 1989). The milking regime and technique are another very 

important part of these environmental influences on teat condition and will be 

discussed in a later section.  

 

The environmental factors can influence the degree of the contamination of the teat 

with bacteria as well as affect the condition of the teat skin itself. 

 

In an extensive mastitis control programme ØSTERÅS and LUND (1988a) 

demonstrated that good udder health was associated with good indoor climate, good 

insulation of the animal housing with double-glazed windows, extended stall length, 

good claw care and the use of rubber mats on the stall floor. 
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Bacterial contamination of teat skin is dependant on the material of the bedding, the 

frequency of bedding change and the space available per cow (KINGWILL et al. 

1977; BRAMLEY 1985). Environmental forms of mastitis, caused by Sc. uberis or E. 

coli, are especially prevalent among housed cows, as the confinement of these 

animals increases the contact of teats with pathogens (OZ et al. 1985). The 

pathogens are derived from the faecal contamination of the bedding and with 

decreasing space per animal their multiplication in the litter is encouraged. This is 

particularly true in winter when animals lie down more frequently and the temperature 

in the bedding material increases significantly (BRAMLEY and DODD 1984; OZ et al. 

1985). Reducing the area per cow in a yard with sawdust bedding increased the 

percentage of E. coli isolated from the bedding (OZ et al. 1985).  

 

Other pathogens such as Klebsiella spp. are derived not from cows’ faeces but from 

the sawdust bedding itself. A large proportion of cows developed klebsiella mastitis 

after the type of sawdust was changed or when fresh sawdust was exchanged for the 

old (NEWMAN and KOWALSKI 1973). 

 

Streptococcus uberis has been isolated from straw bedding in large numbers and 

from the faeces of cows housed on straw bedding in a herd with a high incidence of 

Sc. uberis infection (BRAMLEY 1982). Changes of litter type, increasing the 

frequency of change and turning cows out to grass can reduce the incidence of 

mastitis, suggesting that these factors are all important and practical hygienic 

management strategies (BRAMLEY and DODD 1984). 

 

Inevitably, teats of housed cows in particular will require cleaning before milking. This 

is usually performed by washing the teats with water or a disinfectant wash, and 

drying the teats thoroughly before applying the teat cups. Improving the housing 

conditions could decrease this requirement to a minimum reducing the possibilities of 

spreading bacteria via the washing procedure (BRAMLEY and DODD 1984).  

 



 59 

It is known that washing of the udder and teats distributes pathogens all over the 

udder surface, moreover if teats have infected lesions and orifices (NEAVE et al. 

1969). Clean teats are less likely to be affected by chaps and sores, and healing is 

encouraged (KINGWILL et al. 1977). 

 

In addition, infected animals should be segregated at milking time and milked last to 

reduce exposure of the rest of the herd to pathogens (BRAMLEY and DODD 1984). 

Infected cows constitute significant sources of contaminating bacteria (JASPER and 

DELLINGER 1975). 

 

Any insufficiencies in structure or function of the housing can cause injuries to the 

teats or udder (HAMANN 1989). The prevalence of teat and udder injuries and 

resulting subclinical mastitis is increased with stalls or cubicles that are too short or 

too narrow. Tethered cows are especially at risk of damaging their teats due to the 

awkward movements required when rising. In dairy herds housed on slatted floors, 

more teat treading and cutting injuries of the udder and teats occur (SEIBERT and 

SENFT 1984). The standing-length index ((effective length of standing/effective 

length of body) x 100) of cubicles has been correlated with the incidence of teat 

treading and the occurrence of teat damage decreased when the standing-length 

index exceeded 105 (GROMMERS et al. 1972). It was also observed that the hazard 

of teat injuries was reduced when the floor was dry or had sufficient soft bedding.  

 

2.3.2 Pre-milking preparation  

An important part of hygienic management is pre-milking udder preparation. This 

procedure is recommended by the IDF (HAMANN 1997a) to minimise machine-

induced teat changes such as congestion or oedema (HAMANN et al. 1994) and for 

the production of high quality milk (PANKEY 1989). Dry cleaning is recommended, 

wiping each teat with a clean paper. If udder washing must be performed, it should 

be followed by drying with individual paper towels (GALTON et al. 1982). The water 

used for this purpose should be of drinking water quality (HAMANN 1997a).  
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For fore-milking and manual stimulation, a strip-cup should be used (HAMANN 

1997a). In Germany, it is required by law to discard the first streaks of milk of every 

teat and to check them visually for colour and consistency changes 

(MILCHVERORDNUNG 1995).  

 

Soiled teats and udders are commonly washed to guarantee good quality milk 

(PANKEY 1989). Dry and clean teat tips are contaminated with fewer bacteria than 

dung-polluted teat tips (Table 14), and this relationship persists after washing 

(HANSEN 1973). 

 

Tab. 14: Means of plate counts on teat swabs taken after udder wash from 
udders that were respectively ‘clean and dry’ and ‘dung polluted’ before wash 
(HANSEN 1973) 

Tip of teats Side of teats 
Condition of teat skin 

CMA RVGA TERM CMA RVGA TERM 
Clean and dry 32873 374 38 5322 139 19 
Dung polluted 52476 625 65 4463 199 17 

P-value < 0.004 < 0.002 < 0.003 < 0.350 < 0.040 < 0.440 
CMA:  Plate count on teat swabs performed in chloral hydrate milk agar (total aerobic bacterial flora) 
RVGA:  The same as above in red violet bile agar (coliform bacterial flora) 
TERM:  Plate counts on low pasteurised samples in chloral hydrate milk agar (thermo-resistant 
bacterial flora) 
 

Yet, washing of the udder distributes pathogens over the surface of udder and teats 

from infected teat lesions and orifices, contaminated milk (NEAVE et al. 1969) and 

milkers’ hands (LANCASTER and STUART 1949). If a single cloth is used for the 

whole herd, large numbers of organisms can be carried from cow to cow (NATZKE 

1977). 

 

In a series of experiments, GALTON et al. (1984) investigated different udder 

preparation methods to determine their effects on teat skin microflora. They rinsed 

the ventral 2 cm of right front and left back teats with 0.1 per cent peptone water prior 

to udder preparation. The remaining teats were rinsed after preparation, all teats 

were fore-stripped and milked and tested again after machine removal.  

From these rinsings, the standard plate counts (SPC) were determined. Table 15 

gives the least square means for the standard plate counts for teat rinses. 
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Tab. 15: Least square means for standard plate count (SPC) for teat rinses 
(GALTON et al. 1984) 

Before udder 
preparation 

Before machine 
attachment 

After machine 
removal Preparations 

x (Bacteria/ml) 
No preparation 231,462 146,500 4,535 
Teats:   dry towel 210,937 140,742 3,661 
Teats:   wet towel, no sanitiser,  
             no drying 146,170 88,593 1,079 

Teats:   wet towel, sanitiser, no  
             drying 200,318 81,962 3,309 

Teats:   wet towel, no sanitiser, 
             drying 199,687 34,045 1,030 

Teats:   wet towel, sanitiser,  
             drying 183,143 22,049 1,094 

Teats:   disinfectant dip, drying 182,950 21,659 3,886 
se 40,908 29,139 509 

 

The SPC for no preparation or for a dry towel wipe hardly reduced the number of 

bacteria on the teat skin. Cleaning teats with a wet towel, with or without sanitiser, 

had a similar effect, if no drying was performed. The significant effect of drying is 

clearly demonstrated in the last three treatments, which resulted in the lowest counts 

after preparation (GALTON et al. 1984).  

 

Farm staff or dairy persons can significantly influence the efficiency of hygiene 

management. No effect could be found of pre-milking washing with iodine solution on 

teat skin bacterial contamination when washing was performed by the normal animal 

attendants but the numbers of staphylococci reduced considerably when the 

procedure was performed thoroughly by laboratory staff (ZARKOWER and 

SCHEUCHENZUBER 1977).  

 

In summary, washing udders with a disinfectant solution can result in a reduction of 

bacterial numbers on the teat ends, but no correlation with new IMI has been 

reported (BUSHNELL et al. 1978). 
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For initiation and maintenance of satisfactory milk secretion, the pre-milking udder 

stimulation appears to be essential, particularly at the beginning of lactation 

(HAMANN et al. 1993). Good udder health has been associated with stimulation 

times as long as four to five min (ØSTERÅS and LUND 1988b). 

 

In New Zealand however, cows have been bred to require very little pre-milking 

stimulation. After a 20-year period of selection and breeding procedure for low 

stimulation requirements, the production response to pre-milking stimulation was 

seen to decline steadily (PHILLIPS 1978). 

 

Significant changes occur at the teat during stimulation. One important result is a 

decrease in teat skin temperature (HAMANN and DÜCK 1984). Thirty seconds of 

manual udder stimulation is thought to cause the blood to flow out of the teat veins. 

This results in the opening of the teat sinus, which was occluded by the filled veins 

(ZIEGLER and MOSIMANN 1960). Therefore, the blood volume reduces, the teat 

wall becomes thinner and the teat surface temperature decreases (HAMANN and 

DÜCK 1984).  

 

Udder stimulation may be manual, but can also be accomplished by the milking 

machine (HAMANN et al. 1993). The stimulating effect of the milking machine is not 

only important for the teat condition, but also for milk and fat yield. Some cows 

continue to eject milk throughout the milking procedure as well as at the start of 

milking. It is known that the calf primarily stimulates the tip of the teat, but in some 

experiments, using milking machines that stimulate the whole teat, the base of the 

teat has been shown to be as sensitive to stimulation as the teat tip (HAMANN et al. 

1980).  
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2.3.3 Machine milking process 

The machine milking process has an enormous influence on the health and condition 

of the mammary gland. The advantages and disadvantages of regular machine 

milking will be discussed in the following sections. 

 

2.3.3.1 Positive effects 

Milk secretion is a fundamental part of the natural defense system of the teat. During 

milking, the flow ensures the elimination of pathogens that may have gained access 

to the teat canal or the lower part of the gland cistern during the inter-milking interval 

(SCHULZ et al. 1974; KINGWILL et al. 1977). However, as soon as milk flow stops or 

over-milking occurs, the risk of bacterial invasion increases. Whilst the teat tip 

remains bathed in milk and the chances of bacteria entering the teat canal are 

reduced due to high milk flow, the risk of a new infection is decreased (HAMANN 

1982). For milking machine systems that were developed to keep the teat dry during 

milking, it was suggested that a greater risk of organisms invading the teat canal 

existed and that in the absence of the pulsating liner, bacteria contaminating the teat 

skin were not washed away (WHITTLESTONE et al. 1980). 

 

The frequency of milking plays an important role in the prevention of new IMI. In an 

experiment with milked and unmilked quarters, only the latter became infected by the 

artificial challenge placed on teats (suspension of streptococci and staphylococci) 

(NEAVE et al. 1968). Furthermore, IMI can be more frequent when animals are not 

milked, i.e. in the dry period (NEAVE et al. 1950). 

 

Few infections occur if bacteria, placed within the teat sinus, are carefully removed 

by stripping out, but bacteria placed within the gland sinus frequently cause new 

infections (O’SHEA 1987). Placing small amounts of S. aureus into the teat canal, 23 

per cent of quarters became infected if the next milking was omitted, but only eight 

per cent if cows were milked normally (NEWBOULD and NEAVE 1965).  
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2.3.3.2 Negative effects  

2.3.3.2.1 Liner  

Liners are in intense contact with the teat twice daily and are therefore of immense 

significance for teat health and teat skin condition. The mechanical action of the 

milking machine applies different pressures on the teat tissues via the vacuum within 

the teat cup liner and the movement of the liner around the teat itself (WEHOWSKY 

and TRÖGER 1994). 

 

The dynamics of liner movement are determined by the length and diameter of the 

barrel, the thickness of the barrel wall and the shore hardness of the rubber itself 

(MEIN and WILLIAMS 1984). The liner design influences teat condition, milking 

duration and liner slip (FOX 1989). In a conventional two-chambered teat cup, there 

is a difference in pressure between the pulsation chamber and inside the liner 

(HAMANN et al. 1994).  

 

The effect of liner pulsation during milking helps to prevent tissue congestion and 

oedema in the teat, changes that have been associated with an increased risk of new 

infection (HAMANN et al. 1994). During the collapsed phase, the liner applies a 

compressive load to the teat end, which overcomes the effect of congestion, and 

restores blood flow to the teat tissues. The compressive load is related to the barrel 

diameter, wall thickness, tension and hardness of the liner (HAMANN et al. 1994).  

 

Minimising the effects of congestion, within each pulsation cycle, ensures maximum 

milk flow rate at the beginning of each pulsation cycle (WILLIAMS and MEIN 1982) 

and minimises milking time.  

 

Successful commercial liners generated a compressive load of approximately ten 

kPa on the teat end, which approximately equals the diastolic pressure of the teat 

arterial system, when a 50 kPa pressure difference exists across the liner wall 

(WILLIAMS and MEIN 1982). 
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The effect of liner barrel diameter on teat characteristics and udder health (Table 16) 

was tested by BAKKE and BINDE (1984). Properties of liners used in this experiment 

are given in Table 16. 

 

After six months milking with the wide liner (liner A), teats were significantly longer 

and wider in diameter. Teats milked with the narrow bore liner simply increased in 

length (Table 16). Therefore, it was concluded by BAKKE and BINDE that the 

stretching that occurs during milking (observed by MEIN et al. 1970) depends on the 

size of the liner cavity, and that this effect is permanent, at least within lactation. 

 

Tab. 16: Average values and standard error for the parameters, in teats milked 
with a wide bore liner (A) and with a narrow bore liner (B) (BAKKE and BINDE 
1984) 

Start of experiment End of experiment  
Liner A B A B 

Mouthpiece diameter (mm) 24 20   
Barrel diameter, 60 mm below mouthpiece (mm) 24 21   

Teat diameter (mm) 22.39 21.71 23.75 A 22.37 B 
Teat length (mm) 47.48 45.60 50.53 A 47.89 AB 

Teat canal classification 2.49 2.47 3.13 A 3.11 A 
CMT-score 1.47 1.34 1.80 A 1.64 A 

Log cell count 4.80 4.29 4.55  4.38 
Maximum daily yield (kg)   26.84 25.24 

Lactation number   3.11 2.52 
A: Significant difference (P < 0.001) between start and end of experiment 
B: Significant difference (P < 0.01) between A and B 
 

No significant differences in udder health were observed for the two groups. 

However, the heifers in group A had significantly more subclinical mastitic quarters 

(33 per cent) compared to group B (16 per cent). The heifers comprised 26 per cent 

of each group. It was concluded that heifers, with the smallest teats, would benefit 

from liners with smaller bores in terms of udder health (BAKKE and BINDE 1984). 
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The vacuum created in the mouthpiece chamber of the liner can alter teat condition 

markedly. The influence of liner design on mouthpiece chamber vacuum during 

milking was tested and compared with three different types of liners (NEWMAN et al. 

1991). Liners used had the following dimensions (Table 17): 

 
Tab. 17: Mouthpiece chamber vacuum and dimensions of liners used by 
NEWMAN et al. (1991) 

Treatment 

 
Liner type 

1 
Gascoigne,  

No. 1030A, wide 
bore tapered 

2 
Alfa-Laval 

No. 960000-01, 
wide bore 

3 
Alfa-Laval 

No. 7275737-01, 
narrow bore 

Mouthpiece diameter, mm 23 24 21 
Barrel diameter, mm 26.5 24 22 
Effective length, mm 135 143 142 

Mouthpiece chamber vacuum (kPa) 29.4 23.5 16.5 
 

The differences in mouthpiece chamber vacuum were significant for all three liners (P 

< 0.01). With increasing bore of the liner barrel the mouthpiece chamber vacuum 

increased (NEWMAN et al. 1991).  

 

RASMUSSEN (1997) tried to relate measurements of mouthpiece vacuum to udder 

health but could not prove that high mouthpiece vacuum per se resulted in poor 

udder health.  

 

Yet, mouthpiece vacuum was the most significant variable to explain differences in 

teat thickness, where an increase of 15 - 20 kPa resulted in an increase in thickness 

of ten per cent. An increase in vacuum of ten kPa was associated with a 3.4 per cent 

difference in incidence rate of infected quarters and an eight per cent difference in 

incidence rate of infected cows (RASMUSSEN 1997).  

 

Part of the major function of liners is to massage the teat during milking, an ability 

influenced by the elasticity of the liner material. If a liner becomes harder and is of a 

particularly narrow bore, milk outflow and blood circulation can be restricted due to 

poor teat end massage (NOORLANDER and HECKMANN 1982). Liners become 

hard because of age or composition of the material.  
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Hard liners require a higher vacuum in order to close, thereby exposing the teat 

tissue to longer periods of vacuum. The inner surface of the liner should be free of 

cracks or pores which can harbour large numbers of bacteria, and therefore, increase 

the risk of mastitis by contamination of the teat ends (NOORLANDER and 

HECKMAN 1982). 

 

Different forces act on the teat during milking: some forces retain the teat cup liner on 

the teat, whereas others act in the opposite direction (MEIN et al. 1973b). The weight 

of the cluster tends to separate the teat from the liner, whilst the milking vacuum, 

acting on the exposed areas of the teat, tends to drive the teat deeper into the liner 

(MEIN et al. 1970). The frictional property of the liner regulates the ascending and 

descending movement of the liner on the teat and this force is proportional to the 

pressure difference across the teat wall, pressing the teat against the rigid wall of the 

liner. The friction increases with increasing area of contact so whenever the teat 

moves deeper into the liner, this force increases. As the teat collapses, after the end 

of the peak flow (MEIN et al. 1973a), this force reduces, which can result in teat cup 

slip. 

 

2.3.3.2.1.1 Liner slip  

The most important machine factors associated with increased infection rates are 

liner slip, vacuum instability and variation in the duration of the collapsed phase of 

the liner (O’SHEA 1981). Liner slip is largely a function of the liner design. During a 

liner slip, the vacuum seal between the base of the teat and the liner fails 

(NOORLANDER and HECKMANN 1982), and a sudden air admission occurs 

between the liner and teat (O’SHEA 1981). This air motion can result in the rapid 

movement of milk and air back through the other teat cups connected to the same 

claw, resulting in impacts of air and milk droplets on the teat tips. High infection rates 

have been detected in the ‘impacted’ quarters and it is assumed that impacting 

droplets penetrate the teat canal under extreme conditions (O’SHEA 1981). 
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Milking vacuum and liner design can affect the likelihood of liner slip. Liner slip could 

vary from zero to 59 times, per 100 cows, for a variety of liners (McGRATH and 

O’SHEA 1972). Liner slips increased with a lower milking vacuum (50 kPa compared 

to 42 kPa). Vacuum fluctuations, measured in the claw, occurred more frequently 

with decreased vacuum and have been implicated in the formation of impacts 

(SPENCER and ROGERS 1991).  

 

In New Zealand, advisers from the on-farm milking support organisation (MAFQual) 

select and test different liners on cows during milking time to assist farmers with liner-

related problems (FOX 1989). They have observed that the occurrence of liner slip 

depended on the size and shape of the teats involved. In some herds where cows’ 

teats were mostly conical, no liner slip problems occurred, regardless of liner design 

(FOX 1989). 

 

2.3.3.2.1.2 Position of teat in liner 

The point at which a liner collapses depends upon its dimensions, the material and 

the dimensions of the teat itself (BUTLER and HILLERTON 1989).  

 

In order to apply an effective compressive load, the liner must collapse underneath 

the teat end. Thus, liners must be of sufficient length to accommodate the teat itself 

and remain able to close fully (MEIN et al. 1970). Liners that were shortened 

artificially up to 15 per cent were unable to close effectively around teats (Table 18) 

(MEIN et al. 1983). This impaired pulsation was associated with an increased rate of 

new IMI, particularly in front teats (Table 19). Clearly, liners must have a certain 

effective length, relative to the teat length, to prevent pulsation failure (MEIN et al. 

1983, see Appendix for definition of effective length). It is recommended that the liner 

should be 25 mm longer than the teat during the first minute of milking, in order to 

guarantee a full collapse beneath the teat (MEIN et al. 1970). 

 



 69 

Tab. 18: Percentage of teats preventing full closure of a shortened liner after 
one and three min from the start of milking and just before cup removal (MEIN 
et al. 1983) 

Per cent of teats preventing full collapse of liner Effective liner 
length, mm Quarter 

1 min from start 3 min from start End of milking 

RF 0 10 14 
148 

LB 0 0 2 

LF 82 90 90 
130 

RB 23 45 53 

125 LF 100 100 100 

110 RB 100 100 100 

 

Tab. 19: Number of quarters newly infected with major pathogens (S. aureus, 
Sc. uberis, Sc dysgalactiae and E. coli) during two lactations of milking with 
either normal length or shortened teat cup liners (MEIN et al. 1983) 

 Front quarters Hind quarters All quarters 

Expt. 1, 72 cows Short liners 
(LF) 

Normal 
liners (RF) 

Short liners 
(RB) 

Normal 
liners (LB) Short liners Normal 

liners 
Clinical infections 1 0 2 0 3 0 
Subclinical only 17 4 4 6 21 10 

Total new infections 18 4 6 6 24 10 
Significance P < 0.01 NS P < 0.05 

       
Expt. 2, 59 cows (RF) (LF) (LB) (RB) All quarters 
Clinical infections 2 1 0 0 2 1 
Subclinical only 12 6 9 8 21 14 

Total new infections 14 7 9 8 23 15 
Total for both 
experiments 32 11 15 14 47 25 

Significance P < 0.001 NS P < 0.05 

 

The bore of the liner barrel has an influence on machine milking time and strip yield. 

At the beginning of milking, the bore appears to determine how far the teat initially 

penetrates into the liner. Once milking has commenced, teats stretch by a further 35 -

50 per cent (MEIN et al. 1970) and this stretch is related to the internal diameter of 

the liner barrel and its frictional properties (Table 20).  
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Tab. 20: Mean values for depth of teat penetration for different liners in young 
and mature cows (altered after MEIN et al. 1970) 

Young cows Mature cows 

Liner 
Bore of 
barrel at 
midpoint 

Teat penetration at 
beginning of 
milking (mm) 

Teat penetration 
after 4 min of 
milking (mm) 

Teat penetration at 
beginning of 
milking (mm) 

Teat penetration 
after 4 min of 
milking (mm) 

C 19.8 67.3 78.1 71.9 88.8 
D 25.9 73.1 86.9 76.9 97.5 
J 18.6 60.6 73.1 53.1 70.6 
K 21.3 61.9 80.0 69.4 87.9 

 

2.3.3.2.2 Vacuum  

In order to open the teat canal and start milk flow, a 30 - 35 per cent increase in the 

diameter of the teat end is required. A milking vacuum of 50 kPa will achieve this 

(WILLIAMS and MEIN 1982) but more recent results suggest that a vacuum level of 

40 kPa is sufficient (WILLIAMS and MEIN 1986). 

 

Nevertheless, vacuum levels have been associated with impaired teat condition and 

therefore, increased risk of new IMI. High vacuum levels result in cyanotic, 

oedematous teat tips with small wounds, exudation and hyperkeratosis in and of the 

teat canal (BRATLIE 1958). Milking vacuum levels exceeding 50 kPa are regarded 

as being harmful for the teats (WALSER 1966; KINGWILL et al. 1979). At udder 

height vacuum levels of 34 to 42 kPa are thought to be efficient (NICOLAI et al. 

1977), whilst a teat end vacuum of more than 40 kPa is regarded as harmful to the 

teats, especially if used with high pulsation ratios (NOORLANDER 1968). 

 

The milking vacuum level has been associated with an increased incidence of 

mastitis. In a herd with a very low occurrence of mastitis, the milking vacuum was 

increased by mistake from 51.5 to 67 kPa, and 26 cows developed clinical symptoms 

of mastitis (NEAVE et al. 1944). 

 

Figure 6 presents data of 158 herds in which relations between milking machine 

parameters and prevalence of subclinical mastitis and herd cell counts was examined 

(ØSTERÅS and LUND 1988b).  
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A vacuum level between 48 and 52 kPa resulted in the lowest prevalence of mastitis, 

but below and above this level the prevalence of mastitis increased. 

 
Fig. 6: Association between the dependent variables, prevalence of cows with 
mastitis (MAST), prevalence of quarters with non-specific mastitis (NSPMS) 
and prevalence of quarters with coagulase-negative staphylococcal mastitis 
(MACNS), and the vacuum in loaded air pipeline (ØSTERÅS and LUND 1988b) 
 

The applied vacuum is influencing teat diameter and thickness considerably. Using a 

cutimeter, the increased amount of oedema and congestion in teat barrel and tip was 

linked to an increasing vacuum level (HAMANN et al. 1993).  
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The authors suggested that low vacuums result mainly in tissue responses to udder 

evacuation, like changes in teat length or thickness. At higher vacuum, increased teat 

wall thickness is derived from machine-induced oedema. 

 

2.3.3.2.2.1 Vacuum fluctuation 

Vacuum fluctuations can be divided into cyclic and irregular types. Cyclic fluctuations 

occur due to pulsation in all types of milking machines when the milk tubes are filled 

and there is no air admission at the claw. Irregular fluctuations happen randomly, if 

air is permitted into the milking system, for example due to liner slip or putting the 

teat cups on without due care (KINGWILL et al. 1979).  

 

Unstable vacuum can also cause impacts, which may result in mastitis, as 

demonstrated by McDONALD (1968a) and O’SHEA et al. (1976). Irregular 

fluctuations due to air admission when putting the teat cups on are associated with 

high numbers of quarters with mastitis (ØSTERÅS and LUND 1988b). 

 

Another cause of vacuum fluctuation is an inadequate vacuum reserve, which is 

associated with excessive fluctuations in the liner and at the teat end. Inadequate 

machine vacuum reserve is an important factor influencing the incidence of mastitis 

(NYHAN and COWHIG 1967). 

 

2.3.3.2.3 Pulsation 

Pulsation consists of alternate collapse and opening of the liner beneath the teat 

(THIEL 1968). Without liner pulsation, the vacuum itself would cause internal and 

external tissue damage, haemorrhage and discomfort for the cow (NOORLANDER 

1968).  

 

In a conventional double-chambered teat cup, effective pulsation reduces the risk of 

new infection, since milking without pulsation produces a significant increase in the 

rate of new IMI (BRAMLEY et al. 1978). 
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The collapse time of the liner is determined by the properties of the liner and the 

pulsation parameters.  

 

The pulsation rate (cycles per minute) is of importance for cow comfort, teat condition 

and new infection risk (WALSER 1966) and a pulsation rate of less than 60 

cycles/min is recommended by some authors (BRATLIE et al. 1959). Others 

observed injuries to the teat end associated with a pulsation rate exceeding 40 

cycles/min (WALSER 1966). These observations were done with a pulsation ratio of 

50/50, common for the 1960s (HAMANN et al. 1994). An optimum pulsation rate of 

between 50 and 63 cycles/min has been recommended (O’SHEA 1981) to minimise 

teat damage and cow discomfort.  

 

The vacuum waveform can be recorded in the pulsation chamber, between the liner 

and shell (Figure 7). The liner starts to open during the [a] phase, is fully open during 

the [b] phase, starts to close during the [c] phase and is fully closed during the [d] 

phase (PHILLIPS 1963; O’SHEA 1981).  

 

 
 
Fig. 7: Typical pulsation chamber waveform (vacuum record) (HAMANN and 
BURVENICH 1994b) 
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It is recommended that the [d] phase should be at least 15 per cent of the cycle 

(PHILLIPS 1963; O’SHEA 1981). An insufficient duration of liner closure per 

pulsation cycle contributes to the incidence of new IMI (REITSMA et al. 1981).  

 

The authors tested four different durations of liner closure: 0, 0.17, 0.34 and 0.51 s 

per pulsation cycle. All treatment groups were exposed to an experimental challenge 

of Sc. agalactiae and Sc. dysgalactiae. The longer the duration of liner closure, the 

less new IMI could be noted (Table 21). It was observed that the liner should be 

closed for at least one third of a second, to minimise the risk of new IMI. 

 

Tab. 21: Effect of duration of liner closure on the proportion of quarters and of 
cows, which became infected (REITSMA et al. 1981) 

Proportion of quarters which became 
infected 

Proportion of cows 
which became 

infected 
Liner more than 
half closed (s) 

Ratio of infected 
to total number of 

quarters 
Front Rear x  

          0 20/40 0.400 0.600 0.500 0.90 
0.17 a 11/40 0.250 0.300 0.275 0.70 
0.34 a  4/40 0.050 0.150 0.100 0.40 
0.51 a  5/39 0.053 0.200 0.128 0.40 

a: Liner more than half open for 0.66 s per pulsation cycle  
 

Other studies in Norway confirmed that optimum udder health was maintained when 

a [d] phase of more than 290 ms and a pulsation rate of more than 57.6 cycles/min 

was used (HAMANN et al. 1994). 

 

If liner pulsation is faulty or ineffective, the liner applies insufficient compressive load 

to the end of the teat during the collapsed phase of each pulsation cycle, resulting in 

congestion and oedema of the tissues surrounding the teat canal (WILLIAMS and 

MEIN 1980). 

 

The effect of pulsation ratio or duration of the [b] and [d] phases on teat thickness 

has been investigated. With decreasing [d] phase or increasing [b] phase, teat 

thickness increased considerably (Figure 8) depending on the liner type (HAMANN 

and MEIN 1996). 
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Fig. 8: Teat thickness changes related to duration of [b] phase after milking 
with zz, v, SS, Liner A and o, �, UU, Liner B and pulsation rates (cycles/min) of zz, 
o, 40; v, �, 60; SS, UU, 80 (HAMANN and MEIN 1996) 
 

Some systems that work without pulsation, such as the PME milking machine are 

associated with a great improvement in the condition of the teat end compared to an 

regular machine (WHITTLESTONE et al. 1980). However, other milking machines 

that do not use pulsation are also associated with an improved teat end condition but 

result in an increased rate of new infection (WOOLFORD and PHILIPPS 1978). 
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2.4 Teat disinfection 

Teat sanitising after milking is a well recognised method for reducing rates of IMI 

(McDONALD 1968b; 1970; NEAVE et al 1969; EDWARDS and SMITH 1970; 

SCHULTZE and SMITH 1972; PHILPOT and PANKEY 1975) by at least 50 per cent 

(NATZKE 1977). The bacterial flora of the teat is reduced by the application of a 

sanitiser, but a residual sanitising effect is rarely present at the next milking. Teats 

become recontaminated during the inter-milking period and the subsequent milking 

so the teat sanitiser is reapplied and the cycle of reducing bacteria and 

recontamination recommences (MILNE 1977a). The maintenance of healthy teat skin 

is an additional important role of teat sanitising. Most pathogens have only a limited 

chance of survival on teat skin that is healthy, smooth and in good condition 

(HAMANN 1997b). 

 

2.4.1 Formulation of teat sanitiser  

A wide range of teat sanitiser formulations is available commercially. In general, teat 

sanitisers contain a germicidal compound, a skin-conditioning agent and a diluent, 

usually water. The germicidal compounds destroy bacteria by chemical or biological 

action. They include iodophors, chlorhexidines, linear dodecyl benzene sulphonic 

acid, sodium hypochlorite, sodium chlorite, lactic or mandelic acid, hypochlorous 

acid, quaternary ammonium, or antimicrobial proteins and fatty acids (NICKERSON 

1998).  

 

Few countries require that these products be tested for efficacy in preventing 

mastitis. In the US, the National Mastitis Council (NMC) has collated recommended 

experimental protocols, with standardised procedures, by which efficacy of teat 

sanitisers can be tested (HOGAN et al. 1990). NMC standards for the ideal teat 

sanitiser include proven antimicrobial activity on teat skin, reduction of the incidence 

of new IMI, insusceptibility towards organic matter, inoffensiveness to teat skin, good 

healing properties of lesions and no risk of leaving residues in milk or tissue 

(BODDIE et al. 1997). Few products can meet all of these standards. 
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The six most commonly used teat germicides are described here and efficacy data, 

where available, are summarised in the Appendix. 

 

In most countries, iodophors are the most popular teat sanitisers (PANKEY et al. 

1984). These products contain iodine and a complexing agent or carrier, such as 

poloxamers or quarternary ammonium compounds, because iodine itself is poorly 

soluble in water. The carrier molecules associate closely with the iodine molecules 

(I2) and ions (I). A proportion of the I2 molecules are free in the solution and in 

equilibrium with the complex. These free molecules are the active germicidal form. 

When I2 is used, additional iodine is released from the complex. Complexed and free 

iodine is termed the ‘available’ iodine. 

 

Iodine destroys microorganisms by a chemical action, through a rapid oxidation-

reduction mechanism, and has a wide spectrum of antimicrobial activity, being active 

against bacteria, fungi, viruses and even bacterial spores. Iodophors are considered 

relatively non-toxic, but alcoholic solutions are irritating to the skin. The products are 

coloured which is mostly regarded as an advantage on the farm. However, the 

germicidal activity can be reduced or inactivated by contamination with organic 

material (PANKEY et al. 1984).  

 

Quaternary ammonium teat dips are composed of the germicidal quaternary 

ammonium compound, emollients, wetting agents, colour agents, pH buffers, 

thickening agents and water. The emollients, lanolin and glycerine, are most 

commonly used and colours are included to allow the user to see which teats have 

been dipped. Quaternary ammonium products denature cells or inhibit enzymes and 

therefore kill the cells, but they are limited in use because of their weaknesses in 

killing Pseudomonas spp. (BUSHNELL et al. 1978). They are considered as safe, 

non-toxic and promote healing.  

 

Chlorhexidine is a colourless, odourless base and moderately or freely soluble in 

water.  
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Emollients and dyes are usually added. Chlorhexidine is adsorbed onto the surface 

of cells where it causes a coagulation of the cytoplasm and therefore kills most 

bacteria. Products are relatively non-irritating and the oral toxicity is low. The 

reduction in activity by organic matter is less significant than for most other 

germicides.  

 

Sodium hypochlorite solutions usually contain no emollients, because formulation 

problems occur. It acts as a strong oxidising agent and is highly active with proteins. 

In teat dips of high concentrations, skin irritations have been observed. Products are 

usually low cost and efficient, but they are of strong odour and bleach when in 

contact with fabrics (PANKEY et al. 1984).  

 

Dodecyl benzene sulfonic acid (DDBSA) dips typically consist of an acid-anionic 

surfactant as the active ingredient and emollients. It functions via general 

denaturation of protein, inactivation of enzymes or disruption of cell membranes, but 

the exact mechanism is not fully understood. Toxicity is low, products are non-

staining and teat skin is not irritated. Organic materials inhibit DDBSA only to minimal 

extent and its residual activity after dipping is extended. Efficacy is limited against 

Gram-negative bacteria, if pH increases above 3.5 or 4. Spores are relatively 

resistant against DDBSA dips, but yeasts and most bacteria are inactivated 

(PANKEY et al. 1984).  

 

Barrier teat dips have recently emerged on the market. Early barrier products 

contained acrylic latex to protect the teat during the inter-milking period against 

contamination with environmental bacteria. Some products contain germicides others 

do not. Studies have shown that some of the available barrier teat dips are either 

ineffective in reducing new IMI, or even increase the development of new IMI 

(NICKERSON and BODDIE 1995). 
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Due to the high or low pH of a formulation, germicides can damage the skin. 

Therefore, skin-conditioning agents are added and most of these are emollients or 

humectants (NICKERSON 1998). 

 

In the human cosmetic and medical fields, glycerine, sorbitol, urea, alpha-hydroxy 

acids and sugars are considered as humectants because they attract water when 

applied to the skin, and increase pliability. This water is derived mainly from TEWL, 

as atmospheric water is rarely absorbed by skin below a relative humidity of 80 per 

cent (WEHR and KROCHMAL 1987). Emollient systems that contain mineral oil, fatty 

acids, squalene, cholesterol, lanolin or lanolin alcohols are thought to smooth the 

rough skin surface by filling spaces between the dry skin flakes with oil droplets 

(WEHR and KROCHMAL 1987).  

 

Glycerine is regarded as the most effective humectant for controlling teat chapping 

and is effective at levels as low as five per cent (SOMERVILLE and ROSE 1978). It 

is hygroscopic, water-soluble and draws water into bovine skin from the air. Lanolin 

and other water-insoluble emollients form an occlusive layer on skin that prevents 

moisture loss into the atmosphere (SOMERVILLE and ROSE 1978). 

 

2.4.2 Application technique  

The aim of the application is to deliver disinfectant to the whole surface of all four 

teats. To achieve this, two main techniques have been developed - dipping and 

spraying (KINGWILL et al. 1977). Similar efficacy has been observed, so long as 

good coverage is achieved when spraying (PANKEY and WATTS 1983). 

 

For the dipping technique, a hand-held dip cup is filled with the disinfectant. All four 

teats are immersed into the disinfectant immediately after each milking.  

 

The spraying technique was developed as an alternative to teat dipping. Spray 

devices include hand-held reservoirs with a pressure plunger or larger reservoirs with 

electric pumps and drop hoses located in the milking parlour.  
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The advantages of the teat spray devices include speed, reduced spillage of the 

sanitiser and less risk of contamination with organic matter. Reservoir units with an 

electric pump provide the optimal spray pressure and easy access to the spray 

nozzles (PEARSON et al. 1975; MILNE 1977b).  

 

In most countries, teats are dipped. New Zealand is an exception with 77 per cent of 

farms having adopted the spraying technique to maximise cow throughput in the 

dairy (IDF 1990). The recommendations are that the sanitiser be delivered at a 

pressure of approximately 20 psi, sprayed directly from below the teats from a 

distance of ten to 15 cm, and using five to seven ml of sanitising mixture for each 

cow (MILNE 1977c). 

 

The effectiveness of both techniques has been tested (PANKEY and WATTS 1983). 

Teat spraying and dipping were equally effective against a Sc. agalactiae 

experimental challenge in direct comparison, using a 0.5 per cent quaternary 

ammonium sanitiser. It was concluded that post milking teat sanitiser can be applied 

effectively as spray (HAYWARD and WEBSTER 1977), but spraying was only as 

good as its application. For good effectiveness, it must be applied to the teat from 

directly below, to cover all sides, until a drop of sanitiser collects on the distal end of 

the teat (PANKEY and WATTS 1983). Other authors observed the same effects, 

comparing a hand-held teat sprayer with teat dipping. The effectiveness of an iodine 

solution on the reduction of staphylococci and coliforms on teats was the same 

(BUSHNELL et al. 1978). The incidence of teat orifice infections was reduced by 

spraying and dipping with an iodophor teat disinfectant to the same degree 

(MEANEY 1974). 

 

Automated teat sanitising systems have been developed. For example, a system 

installed in a round barn in the floor of the milking parlour, working under the udder of 

each cow (BUSHNELL et al. 1978). A fine spray of teat dip is forced onto the teats of 

each cow, just five seconds after the milking unit has been removed.  
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This system was compared to teat dipping with the same germicide during an eight-

month period. Ninety-six per cent of teats were adequately sprayed at the tip, with 

varying results for the sides. The spray system was recognised as equally effective 

for maintaining the same health status as the dipping method (BUSHNELL et al. 

1978). 

 

2.4.2.1 Time of application 

Teat sanitisers are usually applied subsequent to milking; to reduce the chance of 

bacteria invading the teat canal directly after milking, the degree of bacterial 

contamination of the teat during the inter-milking period and thereby decrease the 

risk of IMI occurring. The effectiveness of this procedure has been demonstrated 

(SCHULTZE and SMITH 1972; BUSHNELL et al. 1978; PANKEY et al. 1984; 

DRECHSLER et al. 1990). 

 

For improved udder hygiene, teat dips or sprays can be applied before milking. Pre-

dipping reduces the amount of bacteria entering the bulk tank and reduces the 

exposure of teat skin to these pathogens during milking (NICKERSON 1998). Yet, 

this procedure is not allowed in Europe. 

 

Teats were sprayed before and after milking with an iodine solution of different iodine 

concentrations and the efficacy was determined for the reduction in staphylococci 

and coliform numbers on the teat skin (BUSHNELL et al. 1978). They observed a 

similar effect for pre-milking sanitising on bacterial reduction as for post milking. Low 

concentrations of iodine (i.e. 25, 30 and 80 ppm) were not effective against 

staphylococci, but reduced the total number of bacteria by 30 to 80 per cent. 

Concentrations of 200 ppm were equally effective as a pre-milking or post milking 

application against staphylococci, coliforms and total number of bacteria (BUSHNELL 

et al. 1978). 
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Some post milking teat dips are used as pre-milking teat disinfectants. Three different 

germicides (one per cent titratable iodine, 5.25 per cent sodium hypochlorite and 

1.94 per cent DDBSA containing 12 per cent glycerine) were tested for their effects 

on bacterial counts in milk when used as a pre-milking teat disinfectant. All three 

products reduced bacterial populations in milk, but DDBSA was the least effective for 

coliform counts (GALTON et al. 1986). 

 

The efficacy of pre-milking teat disinfection was tested (PANKEY et al. 1987). The 

teat dips contained different concentrations of iodine. Pre-dipping reduced the rate of 

new IMI with major pathogens by 54 per cent. Aesculin-positive streptococci and 

coliform infections were inhibited by more than 51 per cent but infections with 

coagulase-negative staphylococci were not controlled (PANKEY et al. 1987). These 

results were seen as evidence that the environmental pathogens, aesculin-positive 

streptococci and coliforms, caused new infections during milking. With an effective 

teat dip, the number of these pathogens can be reduced prior to milking, possibly 

decreasing the new infection rate (PANKEY et al. 1987). 

 

2.4.3 Effects of sanitiser on teat skin condition, contamination and new 

infection risk 

The formulation of post milking teat sanitisers significantly influences teat skin and 

teat end condition scores (BURMEISTER et al. 1998b). Post milking teat disinfection 

is effective in destroying bacteria left on the teat after milking, in preventing and 

healing teat lesions and in the control of teat orifice colonisation (BRAMLEY and 

DODD 1984). It has also been shown to alter selectively staphylococcal populations 

(other than S. aureus) on the teat end (HOGAN et al. 1987). 

 

When teat dips were first developed, they were mainly used for their germicidal 

properties. Later however, the significance of skin conditioners has been identified. 

Most sanitisers are highly acidic or alkaline, and can irritate the teat skin, resulting in 

lesions and chapping.  



 83 

When the undiluted product has been used accidentally, the irritant properties of teat 

sanitisers are clearly revealed (FARNSWORTH et al. 1978). 

 

To reduce irritation, emollients are added to the teat sanitisers. SOMERVILLE and 

ROSE (1978) observed that glycerine was the most effective emollient for controlling 

chapping of teats, being more effective than 2.7 per cent solubilised lanolin. Allantoin 

had no effect on healing teat skin chaps (SOMERVILLE and ROSE 1978). The 

subsequent development of a ten per cent triple system of emollient, consisting of 

glycerine, lanolin and polyvinyl pyrolidine, resulted in significantly better teat end and 

teat skin conditions compared to 10 per cent glycerine in the same iodine formulation 

(GOLDBERG et al. 1994b). 

 

The addition of 10 per cent glycerine to 1 per cent iodine post milking teat dip, 

promotes the healing of chaps compared to the same iodophor, without glycerine 

(FOX et al. 1991). The improved skin condition was associated with a reduced level 

of S. aureus colonisation of the teat skin (FOX et al. 1991). 

 

Reducing the risk of skin chapping is decreasing the susceptibility to colonisation with 

S. aureus (PANKEY et al. 1984). An effective post milking teat disinfectant reduces 

the number of contaminated teat canals and the number of pathogens that colonise 

the chapped teat skin between milkings (NEAVE et al. 1969). 

 

Emollients expedite the healing of chaps, but concentrations above 15 per cent 

reduce the bactericidal properties of the product, particularly for iodophors (FRANCIS 

1984). If cows are exposed to cold and windy conditions, teat dips can still increase 

the risk of chapping, due to the wet condition of the teat when departing the milking 

parlour. Under extreme conditions, it is recommended that teats be blotted dry, 

before cows are exposed to these conditions, to protect teats from chapping and 

frostbite (FOX and NORELL 1994). 
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3. MATERIALS AND METHODS  

3.1  Materials 

3.1.1  Experimental design 

Most of the experiments for this thesis were carried out in New Zealand, at the No. 1 

Dairy, Dairying Research Corporation (DRC), Hamilton. The rest of the experiments 

were conducted in Germany, at the School of Veterinary Medicine, Hanover and on 

farms within a 100 km radius of Hanover. 

 

Each experiment used a different experimental design, which have been numbered 

for simplicity. Temperature and relative humidity of the environment were determined 

in all trials just outside the dairy and were recorded before each milking.  

 

In New Zealand, cows were selected from the monozygotic identical twin herd that 

forms part of the experimental research herd at No. 1 Dairy, DRC. Two different 

milking systems were available. For experiments involving intensive manipulation of 

cows, teats or milking parameters, a two-unit tandem parlour (Tandem) was used 

(LACY-HULBERT et al. 1996) whilst the main herd was routinely milked through a 17 

bail rotary platform, using the Ruakura Milk Harvester (RMH) system (WOOLFORD 

and SHERLOCK 1989). In the following paragraphs and tables, the design of the 

experiments is described. 
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Tab. 22: Design of Trial 1: effect of post milking teat sanitiser application on 
teat skin parameters – pilot study 

Design Half udder, crossover 
Animals 3 identical twin sets 
Duration 20 consecutive milkings 
Milking Tandem 

Treatment 
For 11 milkings left teats sprayed post milking with standard teat 
sanitiser (section 3.1.4), right quarters no treatment. Last 9 milkings 
treatment crossed over within cow 

Parameters 

Teat skin moisture and pH (3.2.3), at base, barrel and tip of each 
teat measured: 

1. prior to any manipulation of teats 
2. immediately after automatic cluster removal 
3. approximately 40 - 45 min after milking 

 

At the end of the trial quarter foremilk samples were drawn aseptically from each 

quarter and examined bacteriologically. 

 

Tab. 23: Design of Trial 2: effect of milking frequency on teat skin parameters 
Design Split twin set  
Animals 6 identical twin sets 
Duration 7 consecutive milkings 
Milking RMH 

Treatment Within twin set one cow milked at the morning milking only, the 
other cow milked twice, at the normal milking times 

Parameters Teat skin moisture and pH prior to milking, barrel and tip of teat 
 

Two days prior to the start of the experiment, post milking teat spraying ceased and 

was not performed throughout the experiment. 

 

Tab. 24: Design of Trial 3: reproducibility of teat skin moisture and pH 
measurements 

Animals 2 individual cows 

Parameters 

Teat skin moisture and pH; base, barrel and tip of teat,  
1. 10 times every 2 min, 
2. on all four sides of each teat, moisture 3 times per cow, pH 

twice, at 5 minute intervals 
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Tab. 25: Design of Trial 4: teat skin moisture and pH of cows during the dry 
period 

Animals 6 identical twin sets, dried off 
Duration On 5 different occasions, once a fortnight 

Parameters Teat skin moisture and pH, barrel and tip of teat 
 

Tab. 26: Design of Trial 5: effect of different teat sanitisers on teat skin 
moisture and pH 

Design Half udder, crossover  
Animals 6 identical twin sets 
Duration 6 weeks, divided into three fortnightly periods 

Milking 5 days per week Tandem, treatments applied,  
2 days per week RMH, no treatment applied 

Treatments Applied to two diagonally opposed teats, after milking. Per period 
two different teat sanitiser formulations tested (Tables 27 and 28) 

Parameters 
Teat skin moisture and pH prior to milking, barrel and tip of teat, 
Teat skin rinsing samples at the end of each treatment week 
(section 3.2.3.3) 

 

Within each twin set, two teats were not sprayed to provide a negative control and 

two teats were treated with spray 1 (T 1) as positive control. The remaining four teats 

were treated with one of the two experimental treatments. They were applied using a 

hand-held spray bottle with a nozzle with a one mm stainless steel jet (Shoof). To 

assist application of teat spray to only one teat, a transparent plastic bottomless cup 

was used to shield the teat from the others during spraying. The treatments and 

distribution of treatments on teats are described in the following tables. 

 

Tab. 27: Distribution of treatments on teats in Trial 5 
 Twin 1 Twin 2 

Quarter LF RF LB RB LF RF LB RB 
Week 1 T 3 No T No T T 3 T 1 T 2 T 2 T 1 
Week 2 T 1 T 2 T 2 T 1 T 3 No T No T T 3 

Week 3 No T T 5 T 5 No T T 1 T 4 T 4 T 1 
Week 4 T 1 T 4 T 4 T 1 No T T 5 T 5 No T 

Week 5 T 7 No T No T T 7 T 6 T 1 T 1 T 6 
Week 6 T 6 T 1 T 1 T 6 T 7 No T No T T 7 

T = Treatment, LF = left front, RF = right front, LB = left back, RB = right back 
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Tab. 28: Teat sanitiser formulations used in Trial 5  

Teat sanitiser Active ingredient Emollient 
Concentr.: 

water: 
glycerine 

Emollient 
concentration in 

dilution 
Application pH in 

dilution 

Positive control  
T 1 23g/l active iodine 25% glycerine and 

sorbitol 1:2.5:0.5 18.75% spray twice daily 3.5 

T 2 23g/l active iodine 25% glycerine and 
sorbitol 1:2.5:0.5 18.75% spray once daily 3.5 

T 3 23g/l active iodine 25% glycerine and 
sorbitol 1:3 6.25% spray twice daily 3.5 

T 4 10% dodecyl benzene sulphonic 
acid 

31.5% sorbitol 
15% glycerine 1:4 6.3% sorbitol 

3% glycerine spray twice daily 3.1 

T 5 4.3% chlorhexidine 45% sorbitol 1:9 4.5% sorbitol spray twice daily 6.6 

T 6     activator: 2.64% lactic acid  
base: 0.64% sodium chlorite --- --- --- dip twice daily 2.9 

T 7 linolenic acid linolenic acid 1:9 not known spray twice daily 6.0 

Negative control No teat spray --- --- --- --- --- 

 

Tab. 29: Design of Trial 6: long-term changes in teat skin and tissue parameters during a lactation for cows milked 
with two different pulsation treatments 

Design Split twin set 
Animals 10 identical twin sets 
Duration One complete season (06/08/1998 to 29/04/1999) 
Milking RMH 

Treatment Within twin set one cow was milked with normal pulsation (‘fast’) and the other with 
treatment pulsation (‘slow’) (section 3.1.3.1) 

Parameters 

1. Teat skin moisture and pH of back teats, prior to milking, barrel and tip of teat,  
2. Teat end thickness of all four teat ends, before and after milking (section 3.2.2), 
3. Teat length of all four teat ends, before and after milking (section 3.2.2) on 22 

occasions, 
4. Teat skin rinsing samples (section 3.2.3.3), of 14 cows on 9 occasions 
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The influence of pulsation on teat skin and tissue was tested in this experiment. 

During the first eight weeks and the last three weeks of lactation of every cow, teat 

skin and tissue parameters were measured weekly (W1 - 8 and P1 - 3). During the 

main part of the season, measurements occurred monthly (M1 - 5) and after drying 

off, weekly (D1 - 3) again. 

 

From each participating cow, quarter foremilk samples were collected aseptically on 

four occasions during the lactation, once immediately after calving, twice during the 

lactation and once at drying off. Samples were submitted to bacteriological analysis 

(section 3.2.1.3) and SCC. Samples collected immediately after calving were not 

submitted to SCC analysis.  

 

Tab. 30: Design of Trial 7: comparison of teat skin moisture and pH on dry and 
wet teats  

Location 
Teaching and research farm of the School of Veterinary Medicine, 
Hanover, situated in Ruthe, a distance of approximately 15 km 
from Hanover 

Animals 16 and 14 Black Pied cows, of different age and in different stages 
of lactation 

Duration 2 morning milkings (starting at 4 am) 
Treatment Distilled water 

Parameters Teat skin moisture and pH, prior to milking, barrel and tip of teat, 
measured before and after application of treatment 

 

Tab. 31: Design of Trial 8: comparison of teat skin parameters with quarter 
health status 

Locations 4 different farms within a range of 100 km from Hanover 

Animals 253 Black Pied cows, of different age and in different stages of 
lactation 

Duration Morning milkings (starting at 6 am) 

Parameters 
1. Teat skin moisture and pH, prior to milking, barrel and tip of 

teat,  
2.  Quarter foremilk samples (section 3.2.1.3) 

 

On Farm R, 42 cows were sampled twice at an interval of eight days. On Farm W 

and K, all cows (n = 60 and 73 respectively) were sampled once. A group of nine 

cows from Farm K was also sampled twice at a seven-day interval for repeated 

measurement purposes. On Farm R and S, only a subset of the herd was measured.  
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The bacteriological status and SCC of these samples were determined by standard 

procedures (sections 3.2.1.2 and 3.2.1.3).  

 

3.1.2 Animals 

More specific information on animals participating in each experiment is given in the 

Appendix. For the twin herd at No. 1 Dairy, the new infection rate for clinical mastitis 

was 0.11 per 1000 quarter milkings (O’SHEA 1987) in the 1997/98 season and 0.17 

in 1998/99. 

 

Some data for the herd at Dairy No. 1 has been summarised in the following table. 

Only cows that completed a full lactation were included. The mean quarter SCC was 

calculated from quarter foremilk samples collected three times during the season 

1997/98 (two times during the season 1998/99) and at drying off.  

 

Tab. 32: Herd data for seasons 1997/98 and 1998/99 of the twin herd at Dairy 
No. 1, DRC, Hamilton 

Average quarter SCC 
Season 

Total 
herd 
size 

% 
Heifers 
in herd 

DIM 
LF RF LB RB 

Bacterial 
positive 

quarters of all 
cows 

Clinical 
positive 

quarters of all 
cows 

1997/98 112 37.5 241 30 24 24 30 104 24 
1998/99 137 32.1 246 14 12 15 13 147 46 

 

The table below gives some data for the herd in Ruthe, Germany. 

 

Tab. 33: Herd data for the farm in Ruthe, Trial 7 

Time period Total herd 
size 

% Heifers in 
herd x DIM x milk yield per 

lactation (kg) 
x SCC *1000/ml 

bulk milk 
June - September 

1999 
80 36 350 8814 212 

(Geometrical) mean SCC for a period of four months  

 

The next table summarises some data for the four German farms involved in Trial 8. 
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Tab. 34: Herd data for four different German farms involved in Trial 8 

Farm Total herd 
size 

% Heifers 
in herd 

x milk yield per 
305 d lactation 

(kg) 

x SCC 
*1000/ml 

milk 
Milking parlour 

Clinical cases 
of mastitis 

previous year* 
R 120 30 9950 259 Double 4 polygon 40 

K 90 21 9800 334 Double 6 
herringbone 40 

W 84 24 7768 593 Double 6 
herringbone 37 

S 107 11 6000 268 Double 6 
herringbone 36 

(Geometrical) mean SCC for a period of ten months  

*: As reported by the farmer 

 

3.1.3 Milking conditions and routine 

3.1.3.1 Milking conditions and routine in New Zealand 

Milkings commenced at seven am and three pm. For Trials 1 and 5, cows were 

milked through the tandem experimental dairy. For Trials 2 and 6, cows were milked 

with the Ruakura Milk Harvester.  

 

In the tandem dairy, teats were wiped with a dry, clean disposable paper towel prior 

to cluster attachment; on the RMH, teats were checked visually for dirt and any soiled 

teats were washed with cold water. Cups were then applied, without any fore-milking 

or stimulation. During milking, a computerised recorder system monitored milk yield 

and milking time. Clusters were removed when milk flow declined below 0.2 litres/min 

using a standard automatic cup remover system. 

 

In the experimental tandem dairy cows were milked using Alfa-Laval Agri (Tumba, 

Sweden) liners (3741) and shells (3144) via a Harmony claw, into a whole udder 

recorder jar system, using a milking vacuum of 50 kPa. Pulsation was supplied at a 

rate of 55 c/min (cycles/minute) and a 60:40 ratio. The physical characteristics of the 

liners and shells are recorded in Table 35. The same liners and shells were used with 

the Ruakura Milk Harvester.  
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Tab. 35: Physical characteristics of liner and shell used in Tandem and RMH 
Alfa-Laval AGRI 3741 liner  ALFA-Laval 3144 shell  

Mouthpiece diameter, mm 23 Inner diameter at lip, mm 40 
Length mouth piece to base of teat cup, mm 163 Outer diameter at lip, mm 44 
Bore, mm: Top of barrel 26 Length, mm 155 
                  Middle of barrel 24 Inner diameter middle of barrel, mm 40 
                  Base of barrel 31 Outer diameter middle of barrel, mm 44 
Effective length, mm 146.2 Inner diameter short milk tube hole, mm 17 
Liner stretch, % 11.1   

Shore Hardness ° 52.0   

Internal bore short milk tube, mm 8   

Length short milk tube, mm 150   

Length long milk tube, m 1.2   

Claw weight (4 cups+liners+cluster), g 2670   

 

The RMH was mounted on a 17 bail rotary platform that turned at a speed of 18 

s/bail at the pm milking and 21 s/bail at the am milking. Up to 13 per cent of cows 

required two rotations to complete milking. The machine operated at two vacuum 

levels to create a vacuum differential, to transport the milk through the system 

without air admission.  

 

The lower vacuum (50 kPa) represented the milking vacuum that was applied to the 

teats and was responsible for transporting milk into the claw. The high vacuum (70 

kPa) was responsible for transporting the milk from the claw into the milk receiver 

can. A third pump transported milk from the receiver can into the vat and this had to 

operate against the 70 kPa of the high vacuum system (WOOLFORD and 

SHERLOCK 1989).  

 

Each bail was equipped with an Electronic Control Module (ECM) with keypad. It 

offered the possibility to enter data for each bail, change machine operation and 

controlled the milking process for each cow individually.  

 

In the claw, a sensor was placed at approximately two thirds of the depth of the claw. 

Milk flowed from the teat through the short milk tube into the claw, and filled up the 

bowl.  
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When the level reached the sensor, the ECM started to count down a variable delay 

time (computed on the basis of flow rate) before opening the milk valve. The milk 

level continued to rise above the sensor. When the milk valve opened (control signal 

= 75 kPa vacuum), milk flowed out of the bottom of the claw up through the central 

spindle (under 70 - 75 kPa vacuum) (Figure 9). The milk continued to flow until the 

liquid level dropped below the sensor, and the milk valve closed (Figure 10). Thus, 

the surface liquid was always kept above the bottom of the bowl to minimise air 

entrainment (SHERLOCK and WOOLFORD 1990). 

 

 

 

 
Fig. 9: RMH bowl with open valve. Milk withdrawn from claw by vacuum 
differential (Personal communication, R.A. SHERLOCK 1999) 
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Fig. 10: RMH bowl with closed valve. Claw fills with milk (Personal 
communication, R.A. SHERLOCK 1999) 
 

Various pulsation modes could be used when milking with the RMH. ‘Slow’ mode had 

a pulsation rate of approximately 50 cycles/min and a ratio of 43:57 open to closed 

(figure below). 
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Fig. 11: Pulsation chamber waveform in ‘slow’ pulsation mode (RMH) 
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The ‘fast’ mode was a dynamic pulsation mode, during which the open phase was 

controlled by the milk flow of the cow. The higher the flow rate, the more frequent [b] 

phase extensions became. The software in the ECM registered the moment when 

the milk valve was opened and milk was drawn out of the claw. If the liner was due to 

close while the milk valve was still open, the software delayed the liner closure until 

the milk valve had closed. Although this delay was very short, it caused an extended 

[b] phase.  

 

If the milk flow was zero kg/min, [b] phase extensions did not occur, at a peak flow of 

ca. 8 kg/min approximately 50 per cent of pulsation cycles presented extended [b] 

phase. During a pulsation cycle with extended [b] phase, the pulsation ratio was 

increased and the rate decreased, yet the next one or two cycles could be completely 

normal. Due to this pulsation waveform, the average milking rate per cow could be 

increased by 23.8 per cent (WOOLFORD and SHERLOCK 1987).  
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Fig. 12: Pulsation chamber waveform in ‘fast’ pulsation mode, mean milk flow 
rate: 1.857 l/min (RMH) 
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Fig. 13: Pulsation chamber waveform in ‘fast’ pulsation mode, mean milk flow 
rate: 1.03 l/min (RMH) 
 

Tab. 36: Duration of pulsation phases (ms) of the different pulsation modes on 
RMH 

Treatment Pulsation rate, 
cycles/ min 

Time of 
cycle, ms 

Pulsator 
ratio, % 

[a] 
phase, 

ms 

[b] 
phase, 

ms 

[c] 
phase, 

ms 

[d] 
phase, 

ms 

Slow 46.7 1285 44 193 366 136 590 

Fast, no extended b-
phase 

54.6 1098 66 180 541 148 229 

Fast, small flow rate 55   1091 67 190 543 125 233 

Fast, high flow rate, 
example for 

extended [b] phase1 
36 - 22 1669 - 

2710 81 - 84   150 - 
245 

  1200 -
2019 

  130 - 
226 

  189 - 
220 

1 The fast treatment with high flow rate was calculated as if all pulsation cycles had an extended [b] 
phase. 
 

3.1.3.2 Milking conditions and routine in Germany 

In Ruthe, cows were milked using a low line milking system (Alfa Laval Agri, Tumba, 

Sweden), at 40 kPa with a pulsation rate of 60 cycles/min and ratio of 65:35. Cows 

were usually housed, but outdoors during the trial, with fresh pasture available after 

each milking and concentrate feed was provided via a transponder controlled feeding 

system in the barn. Farms R and W were equipped with a milking system produced 

by Düvelsdorf (Ottersberg, Germany), on Farm S cows were milked via an Alfa Laval 

Agri system and on Farm K a Westfalia (Oelde, Germany) system was used.  
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All milking system equipment was conventional, complying with the DIN ISO 5707. 

All farms were equipped with indoor milking parlours (Table 34). 

 

In Germany, a similar pre-milking routine was used for all participating herds. All 

teats were wiped with a clean, dry disposable paper towel. Any dirty teats were 

washed with warm water and dried thoroughly. Foremilk was then drawn from each 

quarter and checked for signs of mastitis. After milk let down had occurred, teat cups 

were attached. All teats were dipped immediately after milking in an iodophor post 

milking disinfectant on the farm in Ruthe, along with Farms W and S. No teat 

sanitiser was applied on Farms K and R. 

 

3.1.4  Teat sanitation  

At No. 1 Dairy, the teat spray was supplied to both dairies by a roller pump with a 

diaphragm stabiliser, with approximately 15 to 20 ml applied per cow. The sanitiser 

Teatguard Plus (Ecolab, Hamilton, N.Z.) was the standard teat spray used at the 

research farm. The concentrate contained 23 g/l active iodine and 25 per cent 

emollient, which was a mixture of glycerine and sorbitol. One part of concentrate was 

mixed with three parts of water to give a final emollient concentration of 6.25 per cent 

and pH of 3.3. This teat spray formulation was used in Trials 1, 3, 4, 5 and 6. For 

Trial 6, two different emollient concentrations were used. In spring, the concentrate 

was mixed with 2.5 parts of water and 0.5 part additional glycerine to give a final 

emollient concentration of 18.75 per cent. In summer and autumn, no additional 

emollient was added.  

 

In Germany, common dip cups were used for post milking teat disinfection. They 

were filled with disinfectant, in which teats were immersed after milking. On the 

research farm at Ruthe, the teat dip used was ProdipTM (Alfa Laval Agri, Germany) 

containing 3000 ppm of iodine. The Farms W and S used Profilac-Dip (Westfalia, 

Oelde, Germany), also containing 3000 ppm of iodine. Both dips are declared as 

‘animal remedies’ in Germany, therefore, efficacy to decrease the new IMI rate was 

proven before market access was granted.  
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3.2 Methods 

3.2.1 Milk parameters 

3.2.1.1 Yield 

Milk yield was determined for estimation of the performance of cows and to ensure 

that the manipulation in the experiments did not affect cows. The milk yield per cow 

was estimated and recorded electronically by the RMH. In the tandem dairy, the milk 

yield for each cow was determined by calibrated glass jars. This parameter was not 

recorded in German trials. 

 

3.2.1.2  Somatic cell count (SCC) 

In New Zealand, samples for SCC were submitted to the Livestock Improvement 

Corporation’s National Milk Analysis Laboratory, and were analysed using a 

Fossomatic 5000® (Foss Electrik, Denmark) (SCHMIDT-MADSEN 1975). 

 

Quarter milk samples, obtained on farms in Germany were collected in sterile glass 

tubes, and were fixed over night with bronopol and eosin (final concentration 0.05 per 

cent). They were submitted to the Landwirtschaftskammer Hanover, in Ahlem and 

analysed for SCC using a Fossomatic®-analyser (Foss Electrik, Denmark). 

 

3.2.1.3 Microbiological mastitis diagnosis 

3.2.1.3.1 Sampling 

Teat ends were first scrubbed with cotton wool pledges (or absorbent paper towel) 

soaked in 70 per cent alcohol. The first squirts of foremilk were discarded and then 

milk samples were collected using aseptic techniques into disposable, sterile plastic 

containers (or sterile glass tubes, with silicone stoppers). All samples were collected 

before application of the cluster and transferred to the laboratory for bacteriological 

culture. 
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3.2.1.3.2  Microbiological procedures 

In the laboratory, 0.01 ml of milk was streaked onto a quarter-plate of blood agar with 

0.1 per cent aesculin. Plates were incubated for 24 h at 37°C. Presumptive 

identification was from colony morphology, Gram’s stain, haemolysis, aesculin 

reaction, catalase production and tube coagulase reaction (NMC 1990; 

WILLIAMSON et al. 1995). 

 

In New Zealand, aesculin-splitting, catalase-negative, Gram-positive cocci were 

considered to be Streptococcus uberis. This presumption accepted the possibility of 

misclassification between Streptococcus uberis and Streptococcus dysgalactiae, but 

experience has shown that Streptococcus dysgalactiae was uncommon in New 

Zealand (WILLIAMSON et al. 1995). If further identification of Gram-negative isolates 

was required, a sub-sample was streaked onto MacConkey’s medium and incubated 

at 37°C for 48 h. Gram-negative rods, isolated on MacConkey’s agar, were 

differentiated by their ability to ferment lactose and a selection of differentiating tests 

(FARMER 1995, Table 96, Appendix). These tests allowed identification of: 

• E. coli, and the species of  

• Klebsiella,  

• Pseudomonas, 

• Enterobacter,  

• Serratia,  

• Citrobacter,  

• Aeromonas,  

• Proteus,  

• Acinetobacter,  

• Alcaligenes,  

• Moraxella,  

• Yersinia,  

• Salmonella.  

• and Pasteurella multocida. 
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In the laboratory of the Department for Hygiene and Technology of Milk, School of 

Veterinary Medicine, Hanover, a preliminary grouping into the following isolates was 

done: 

• Streptococcaceae 

• Micrococcaceae 

• Coliform isolates 

• Aerobic spore formers 

• Yeasts 

• Others 

 

Isolates that could not be grouped were Gram stained and a catalase test was 

performed. The further identification of colonies was performed by special tests 

(Table 37). 

 

Tab. 37: Identification of pathogens 
Species/group Criteria for differentiation 

Streptococcaceae � � ��� � - haemolysis, splitting of aesculin 

Micrococcaceae Clumping factor, Coagulase reaction, 
Furazolidon test 

Coliforms E. coli rapid tests (Bactident) 
Sporoforms, yeasts, 

others Were differentiated very rarely 

 

NMC standards were used to decide which sample was bacterial positive or negative 

(NMC 1990). The following grouping was used for diagnosis of quarter health: 

 

Tab. 38: Definition of different udder health categories based on quarter 
foremilk samples at regular milkings (DVG 1994) 

SCC / ml milk Bacterial negative (code) Bacterial positive (code) 
< 100,000 Normal secretion (1) Latent infection (2) 
> 100,000 Unspecific mastitis (3) Mastitis (4) 
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3.2.2  Teat tissue parameters 

3.2.2.1 Length 

To detect teat length changes occurring during milking a hollow acrylic tube was 

used to measure teat length before and after milking. The tube contained a cm scale, 

fixed to the back of the tube, with a sliding piston. The teat was inserted into the tube, 

the piston moved up to the teat end without touching the tip and the length was noted 

from the scale. The position of the upper edge of the tube was marked with a water-

resistant pen on the skin of the udder, to ensure that the same position of the tube 

was chosen after milking. The measurement was performed before and directly after 

milking. The percentage of teat length change was calculated as follows (HAMANN 

et al. 1996): 

 
         (teat length after milking – teat length before milking) 

per cent change length = ___________________________________________ 
* 100 

teat length before milking  

 

3.2.2.2  Thickness 

The teat end thickness was determined eight to 12 mm above the teat apex with a 

device called a ‘cutimeter’, which is normally used to measure the skin thickness for 

tuberculosis testing (Figure 14). The cutimeter was altered after HAMANN et al. 

(1996): 

 

Cutimeter:   Hauptner, No. 33865 area applied to the teat: 4 cm² (2x2 cm) 

Spring:   Gutekunst (Metzingen, Germany; No. 001 RZ-081K-02) 

Material:   chrome-nickel-steel 

Max. length:   87.9 mm 

Max. spring load:  23 N 

Preload:   2.06 N  

Exerted force: 4 - 6 N (jaws ~ 10 mm apart) 
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Fig. 14: Cutimeter for measuring teat thickness (HAMANN and MEIN 1988)  
 

The cutimeter consisted of a pair of jaws connected to a spring and a calibrated 

scale. The distance between the jaws was read on the scale, in tenths of a millimetre. 

During measurement of teat end thickness, the fingers of the left hand were used to 

aid positioning the jaws around the teat end (Figure 15). When correctly positioned 

within the cutimeter jaws, the teat tip was at level with the lower side of the jaws. The 

spring pressure was gently applied to the teat end for one s before the distance 

between the jaws was measured. Measurements were carried out before attachment 

of the teat cups and immediately after cluster removal. The percentage change in 

teat end thickness was calculated as follows (HAMANN et al. 1996):  

 

 

            (teat thickness after milking – teat thickness before milking) 

per cent change thickness = ______________________________________________ 
* 100 

teat thickness before milking  
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Fig. 15: Positioning the cutimeter for teat end thickness measurement  
 

3.2.3  Teat skin parameters 

3.2.3.1  Moisture 

Teat skin moisture was measured using the Corneometer CM 820® (Courage and 

Khazaka electronic GmbH, Cologne, Germany). Teat skin measurements were 

usually performed before teats were touched. Disposable rubber gloves were worn to 

ensure that the moisture of the fingers did not influence the moisture of the teat skin 

during measurement.  

 

The moisture probe utilised a capacitance sensor, located within a flat movable head 

that was held against the skin with a force of 3.5 N for one s. The surface of the head 

was 49 mm2. A small glass plate, within the head of the probe, separated the skin 

from the metal electrodes, preventing any electrical discharge. To measure the 

hydration of the stratum corneum, a small electrical field was applied to the upper 

skin layers, and the dielectric constant measured in arbitrary units.  
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Fig. 16: Corneometer CM 820 and Skin-pH-Meter PH 900 (Courage and 
Khazaka electronic GmbH) 
 

The corneometer relied on the relatively high dielectric constant of water (ε = 80) to 

measure the degree of hydration. The dielectric constant gave the capacitance ratio 

between the present material (i.e. the skin) and a vacuum (ε = 1.0). If the water 

content of the substance increased, the dielectric constant increased and the change 

in capacitance was quantified (COURAGE and KHAZAKA 1997). 

 

The technical precision of the device was specified as ± three per cent by the 

manufacturer (COURAGE and KHAZAKA 1997). 

 

When teat skin was visually or tangibly wet, the data had to be excluded from the 

analysis, because the measured value did not represent the true skin moisture. 

Therefore, data exceeding 100 do not usually occur in the results, although values up 

to 130 were obtained with the device. Exceptions will be mentioned. 
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3.2.3.2  pH 

The teat skin pH was determined using the flat surface Skin-pH-Meter PH 900® 

(Courage and Khazaka electronic GmbH, Cologne, Germany) (Figure 16). A glass 

electrode probe was held against the skin for three seconds. The surface area of the 

measuring probe was approximately one mm2. The precision of measurement was 

specified as ± 0.1 (COURAGE and KHAZAKA 1997). The teat skin pH was usually 

measured at the same locations as the moisture. 

 

Data of teat skin pH that exceeded the value ‘8’ was excluded from the analysis. On 

all occasions where a pH of ‘8’ was exceeded, teats were visually soiled with faeces 

or soil.  

 

The repeatability of these parameters on teat skin was determined during the 

experimental phase and will be described as part of the results. 

 

3.2.3.3  Microbiological flora analytics 

In Trials 5 and 6, teats were rinsed with ten ml of 0.1 per cent peptone water, applied 

to the teat via a hollow brass ring, with small holes pierced along its inner surface 

(Method: HAMANN personal communication 1998). The brass ring was attached to a 

50 ml syringe, containing the peptone water. Without touching the teat skin, the brass 

ring was carefully positioned around the base of the teat. The peptone water was 

then administered through the ring whilst moving the ring up and down the teat to 

ensure even coverage. The rinsing was collected below the teat in a sterile Petri-

dish, which was closed immediately after rinsing the teat. All samples were submitted 

for microbiological analysis within one h of completion of sampling.  

 

For the analysis of the rinsing samples, ten µl of each rinsing sample was diluted into 

990 µl sterile peptone water and then the total one ml volume poured directly onto a 

whole blood agar plate, containing five per cent whole sheep blood and 0.1 per cent 

aesculin.  



 

 

105 

 

A further ten µl sub-sample of the rinsing was poured onto a MacConkey’s agar plate 

and onto an Edward’s media agar plate (EDWARDS 1933), for selective growth of 

Gram-negative organisms and aesculin-splitting streptococci, respectively. All agar 

plates were incubated at 37°C and examined after 24 h growth, as the growth of 

colonies was too heavy for examination after 48 hours incubation. Isolates on blood 

plates were identified by colony morphology, haemolysis, aesculin reaction, Gram 

staining and tube coagulase reaction.  

 

Gram-positive, catalase-negative cocci were presumptively identified as 

Streptococcus spp. Some representatives of Streptococcus spp. on Edward’s 

medium were identified with the API 20 STREP rapid identification system 

(bioMérieux sa, France). 

 

Gram-positive, catalase-positive cocci were grouped into staphylococci and 

micrococci. Coagulase-positive staphylococci were not observed. To distinguish 

between the coagulase-negative staphylococci (CNS) and micrococci, strains were 

streaked onto one half of a blood agar plate and a 0.04 U bacitracin differentiation 

disc (Difco Laboratories, Detroit, MI.) was placed onto the streak (LANGLOIS et al. 

1988). After 24 h growth at 37 °C, the diameter of the zone of growth inhibition 

around the disc was measured. A zone of more than eight to ten mm denoted 

susceptibility of the bacteria to the antibiotic. Susceptible bacteria were identified as 

micrococci and resistant bacteria were identified as staphylococci, and were then 

tested for coagulase production. If this test was negative, these organisms were 

counted as CNS. 

 

Other Gram-positive organisms were grouped into: Gram-positive rods or 

corynebacteria, according to their appearance in the Gram stain. A small number of 

yeasts were also identified by Gram staining. Bacillus spp. were identified by colony 

morphology and haemolysis on blood plates, Gram staining and tube coagulase 

reaction. 
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3.3  Statistics 

The data was captured with a dictaphone and recorded in Excel® (Microsoft TM). For 

statistical analysis SAS® (Statistic Analysing Systems, SAS Institute TM) Version 6.12 

was used. 

 

The following procedures were used to analyse the data: 

1. PROC UNIVARIATE:  Test for normal distribution of data  

2. PROC MEANS:  Comparison of means (T-test) of two dependant  

variables  

3. PROC GLM:   Analysis of variance, also used for tests with  

repeated measurements 

4. PROC CORR:  Correlation of variables, gives coefficient of  

correlation 

5. PROC TTEST  Comparison of means (T-test) of two independent  

variables 

6. PROC MIXED  Analysis of variance, with mixed calculations, one 

 factor fixed, one factor variable 

7. PROC FREQ  Chi-squared test, gives frequencies for qualitative 

 parameters 

 

Probability of error P < 0.05 was used, other thresholds be mentioned. 

 

All parameters were statistically analysed for normal distribution. Under standard 

definition, the teat skin and tissue data and milk parameters were distributed 

normally, or could be transformed into normal distribution (somatic cell count was 

logarithmically analysed). The appropriate statistical analyses were performed. If 

tests for not normally distributed parameters had to be used, this will be mentioned. 
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3.3.1 Use of monozygotic twins in research and statistics 

Monozygotic twins have been used in research successfully at the New Zealand 

research station (Ruakura) since 1943. 0.11 per cent of all bovine births are twins 

and ten per cent of all like-sexed twins are monozygotic. Therefore, sufficient 

replacements could be purchased every year to maintain the herd (HANCOCK 

1953).  

 

The advantage of using identical twins instead of ordinary animals for research 

purposes is expressed as efficiency ‘E’. It describes the number of ordinary animals 

in each of two groups that one set of monozygotic twins can replace without loss of 

statistical precision (HANCOCK 1953). The following table gives some examples of 

twin efficiency values obtained in the fifties on Ruakura Research Station. 

 

Tab. 39: Twin efficiency values  

Author year  Characteristic Twin Efficiency 
value 

No. of bovine twin 
sets used 

Milk 22 7 
Butterfat 54 7 
Casein 50 7 HANCOCK 1950 

Persistency of 
lactation 4 7 

Body weight 26 10 
HANCOCK 1951 Linear body 

measurements 5 - 30 10 

 

Because identical twins permit the elimination of the normally great hereditary 

variation between individuals, their use leads to considerable economy in the number 

of experimental animals (CARTER 1954). 
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4. RESULTS 

4.1 Methods 

4.1.1 Repeatability of teat skin parameters  

The Corneometer CM 820® and Skin-pH-Meter PH 900® (Courage and Khazaka 

electronic GmbH, Cologne) had not previously been used on bovine teat skin. 

Therefore, testing had to be carried out first to find out if these devices could be used 

on bovine skin in the first place. The repeatability of moisture and pH measurements 

was tested in Trial 3. The following table summarises the results.  

 

Tab. 40: Repeatability of Corneometer CM 820® and pH-Meter PH 900®  
 LF RF LB RB Total 

 
n1 Barrel Tip Barrel Tip Barrel Tip Barrel Tip Barrel Tip 

Total 
mean 

x 10 34.2 39.8 29.2 32.9 23.9 35.8 26.0 35.0 28.0 35.9 32.0 
sd 8.4 7.8 4.9 3.5 9.0 3.6 3.5 7.0 6.7 5.5 8.2 Moisture 

cv (%) 
 

24.7 19.5 16.9 10.7 37.8 10.1 13.5 20.2 24.5 15.1 25.6 
x 10 6.87 6.99 6.47 6.48 6.88 6.80 6.44 6.70 6.66 6.74 6.70 
sd 0.48 0.46 0.26 0.27 0.40 0.31 0.18 0.41 0.33 0.36 0.41 pH 

cv (%) 
 

7.06 6.64 4.08 4.19 5.78 4.59 2.87 6.05 4.95 5.37 6.07 
1 Number of repetitions, number of cows: 2 

 

The barrel of the teat exhibits moisture values in the range of 23.9 to 34.2. These 

values were generally lower than values for the tip, which varied from 32.9 to 39.8. 

The pH measurements resulted in values between 6.44 and 6.88 for the barrel and 

6.48 and 6.99 for the tip. The LF, RF and RB values for barrel were lower than for tip; 

conversely, LB results for the tip were lower than for the barrel.  

 

Standard deviations and coefficients of variation were considerably higher for 

moisture than for pH measurements. 
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4.1.2  Reproducibility of teat skin parameters over time 

A test of reproducibility of teat skin moisture and pH over time was performed during 

Trial 8. On Farm R, the same 42 cows were sampled twice within eight days; on 

Farm K, nine cows were measured twice within seven days. The mean difference 

between the two measurements was calculated and the means, standard deviations 

and coefficients of variation are summarised in the following table.  

 

Tab. 41: Reproducibility of moisture and pH over time 
Farm Parameter n (cows) x difference x sd cv (%) 

Moisture -6.7 46.0 9.5 20.6 
R 

pH 
42 

 0.16 7.18 0.38 5.29 
Moisture   5.68 44.7 10.5 23.5 

K 
pH 

9 
-0.11 7.20 0.49 6.86 

 

Although there was a period of seven to eight days between the repetitions in this 

experiment, no major differences between the repeated moisture and pH 

measurements were obtained. This experiment was performed in Germany, under 

different conditions than in New Zealand, yet the results were in the same range as in 

the test of repeatability above (4.1.1).  

 

4.1.3  Distribution of moisture and pH over the teat surface 

In a second experiment during Trial 3, moisture and pH were measured at the teat 

tip, barrel and base of all four sides of each teat (12 measurements per teat). 

Moisture measurements were repeated three times per cow and pH twice per cow at 

five min intervals (section 3.1.1).  

The following tables demonstrate the moisture and pH distribution on teat skin. 
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Tab. 42: Distribution of moisture on teats, measurements on four sides of the 
teat and on base, barrel and tip 1 

Quarter 
Side Location 

LF RF LB RB 
x sd 

Base 24.7 25.7 22.0 22.7 23.8 6.7 

Barrel 51.0 33.0 37.3 45.3 41.7 11.4 Front 
Tip 44.7 37.7 39.5 51.0 43.5 9.6 

Base 37.3 30.0 53.7 21.0 35.5 18.0 

Barrel 49.5 40.7 71.0 32.0 48.2 17.5 Lateral 
Tip 57.0 37.7 75.0 40.3 52.5 19.7 

Base 50.0 33.0 63.0 17.7 38.9 19.5 

Barrel 57.7 41.0 55.5 30.0 45.2 16.7 Caudal 
Tip 42.7 51.3 63.0 62.7 54.2 13.4 

Base 28.7 28.3 20.5 17.7 24.1 12.6 

Barrel 70.3 53.0 47.0 58.3 58.1 13.5 Medial 

Tip 48.0 42.7 51.5 55.0 49.1 9.7 

x 35.2 29.3 39.4 19.8 
sd 

Base 
15.9 10.1 23.0 6.1 

30.5 16.0 

x 57.8 41.9 53.0 41.4 
sd 

Barrel 
14.7 9.3 18.5 14.6 

48.1 15.7 

x 48.1 42.3 59.2 52.3 
sd 

Tip 
14.3 7.7 17.8 12.1 

49.9 14.0 

1 number of repetitions: 3; number of cows: 2 
   Grey cells show the highest value for the teat within one side category (front, lateral, 
caudal or medial) 
 

The moisture values followed the same pattern on all four sides of the teat. They 

were lowest at the base of the teat and higher at barrel and tip. The front was 

generally the driest side. Although the other sides varied in a greater extend than the 

front, it was noticeable that medial and caudal sides on almost all teats were most 

moist. Therefore, the lateral side was chosen as the measuring side for future 

experiments. 

 

As time was limited during most experiments, only two of the three locations per teat 

could be measured (except Trial 1). Barrel and tip were chosen. These two locations 

were expected to show the most significant changes before milking and they were 

the most exposed to the environment.  
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Tab. 43: Distribution of pH on teats, measurements on four sides of the teat 
and on base, barrel and tip 1 

Quarter 
Side Location 

LF RF LB RB 
x sd 

Base 6.65 6.30 6.70 6.45 6.53 0.22 

Barrel 6.40 5.90 6.25 6.20 6.19 0.34 Front 
Tip 6.50 6.40 6.30 6.45 6.41 0.11 

Base 6.50 5.85 6.55 6.30 6.30 0.34 

Barrel 6.25 6.20 6.30 6.20 6.24 0.12 Lateral 
Tip 6.55 6.75 6.50 6.75 6.64 0.24 

Base 6.50 6.10 6.30 6.50 6.35 0.29 

Barrel 6.00 5.95 6.40 6.25 6.15 0.22 Caudal 
Tip 6.35 5.90 6.55 6.50 6.33 0.38 

Base 6.45 5.95 6.40 6.65 6.36 0.29 

Barrel 6.20 6.40 6.30 6.25 6.29 0.18 Medial 

Tip 6.10 6.20 6.55 6.60 6.36 0.25 

x 6.53 6.05 6.49 6.48 
sd 

Base 
0.26 0.23 0.22 0.16 

6.38 0.29 

x 6.21 6.11 6.31 6.23 
sd 

Barrel 
0.29 0.25 0.14 0.18 

6.22 0.22 

x 6.38 6.31 6.48 6.58 
sd 

Tip 
0.24 0.40 0.21 0.21 

6.43 0.28 

1 number of repetitions: 2; number of cows: 2 
   Grey cells show the highest value for the teat within one side category (front, lateral, 
caudal or medial) 
 

The pH values did not show a specific pattern on the teat skin or altogether great 

variation. On most teats and sides, either base or tip had the highest results, on 

some occasions barrel was the highest. The pH was measured on the same 

locations as the moisture. 

 

A difference in moisture and pH levels between left and right teats was noticed. 

Therefore, the difference was analysed with a T-test for paired measurements. The 

results can be viewed in the subsequent table. 
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Tab. 44: Comparison of left and right teats with a T-test for paired 
measurements (Trial 3) 

Moisture pH  

x sd 
P-value 

x sd 
P-value 

Left teats 48.8 19.0 6.40 0.25 

Right teats 37.8 12.7 
*** 

6.29 0.30 
* 

* P ���
	 ���
�����������	 �����������������	�����������! �"$#�%'&�( )�"�( *+( ,�-
"�%+. T-test for paired measurements 
 
The left teats were significantly more moist than the right teats and had a significantly 

higher pH. 

 

4.1.4 Correlation of teat skin pH and teat skin moisture 

To investigate, if the teat skin parameters pH and moisture were two independent 

parameters, pH was determined on the dry skin of 30 cows, then the measurement 

location was wetted and the measurement repeated on the same position (Trial 7). 

The mean difference was calculated between wet and dry measurements, and a T-

test for paired measurements was performed to analyse the differences. Table 45 

summarises the results. 

 

Tab. 45: Moisture and pH on dry and wet teat skin 
Quarter 

Parameter 
LF RF LB RB 

Total 

x 55.7 51.5 52.7 51.0 52.7 
Moisture dry 

sd 21.5 21.6 18.9 21.8 20.9 

x 136.4 135.2 136.8 136.3 136.1 
Moisture wet 

sd 1.7 1.9 2.2 2.0 2.0 

x difference 80.7 *** 83.7 *** 84.0 *** 85.2 *** 83.4 
x 7.70 7.52 7.63 7.55 7.60 

pH dry 
sd 0.50 0.49 0.56 0.48 0.51 

x 7.66 7.53 7.64 7.58 7.60 
pH wet 

sd 0.50 0.51 0.48 0.45 0.49 

x difference -0.04 NS 0.00 NS 0.01 NS 0.03 NS 0.00 
* P /�0
1 0�2
3�4�4�5�/�0�1 0�6�3�4�4�4�5�/�0�1�0�0�6�3�7�8!9�:$;�<'=�> ?�:�> @+> A�B
:�<+C�D -test for paired measurements 
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The moisture values were increased by 154 per cent for wet skin (P � 0.001), and the 

pH values changed by 0.01 per cent (P > 0.05). There was no evidence that skin, 

when artificially moistened (using a medium of neutral pH) would change its pH, or 

that the measurement process for moisture would influence the pH measurement. 

 

Additionally, data from all trials was analysed to test the relationship of moisture and 

pH values. Moisture and pH measurements of the same location on the same teat 

and at the same time were paired. 5308 moisture and pH values of uninfluenced teat 

skin (before milking) were available for this analysis. Pearson’s correlation coefficient 

was determined. The correlation of moisture and pH measurements resulted in a 

correlation coefficient of r = - 0.063. 

 

Tab. 46: Mean and standard deviation of paired pH and moisture 
measurements, data from all trials of uninfluenced teat skin before milking 

 Moisture pH 
x 44.5 6.80 
sd 18.4 0.58 

r - 0.063 
 

The result showed no significant correlation between pH and moisture of bovine teat 

skin. Therefore, these two parameters could be regarded as separate from each 

other and were treated as two separate parameters. 
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4.2 Non-milking influences on teat skin parameters 

4.2.1 Moisture and pH of teat skin in dry cows 

After evidence was found that teat skin moisture and pH could be determined with 

the corneometer and pH-meter, it was attempted to discover a reference range of 

moisture and pH for teat skin, uninfluenced by milking. The teat skin moisture and pH 

of lactating cows will be demonstrated at length in chapter 4.2.2; here teat skin 

moisture and pH of non-lactating cows were investigated (Trial 4). During the dry 

season, which has an average duration of 126 days in New Zealand, the teat skin 

parameters were determined on five different occasions. A T-test for paired 

measurements was performed, comparing the different measurement occasions with 

each other. The results are given in the following tables. 

 

Tab. 47: Mean and standard deviation of moisture of dry cows, measured on 
five different occasions 

Quarter 
Dry day  n (cows) 

LF RF LB RB 
Total P-value 

x 44.0 40.3 39.9 38.4 40.5  
31 

sd 
12 

13.1 10.0 15.7 10.3 12.1 

x 36.3 33.5 35.9 34.4 34.9 
** 

45 
sd 

12 
14.9 12.5 14.7 13.6 13.7 

x 50.6 51.1 52.1 57.5 53.1 
*** 

59§ 
sd 

12 
21.2 25.7 23.9 26.6 24.3 

x 28.5 24.7 26.9 31.4 27.9 
*** 

73 
sd 

12 
16.7 11.2 15.7 17.6 15.5 

x 27.0 23.0 23.7 33.2 26.6 
NS 

101 
sd 

12 
14.0 12.2 9.2 24.0 16.1  

* P E�F
G F�H
I�J�J�K�E�F�G F�L�I�J�J�J�K�E�F�G�F�F�L�I�M�N!O�P$Q�R'S�T U�P�T V+T W�X
P�R+Y�Z -test for paired measurements 
§ Due to other experiments on the same day, measurement conditions were different on this occasion. 
Cows experienced extensive ‘stress’ before measurements could be performed. 



 

 

115 

 

Tab. 48: Mean and standard deviation of pH of dry cows, measured on five 
different occasions 

Quarter 
Dry day  n (cows) 

LF RF LB RB 
Total P-value 

x 7.46 7.09 7.27 7.27 7.26  
31 

sd 
12 

0.23 0.45 0.35 0.44 0.40 

x 7.19 6.82 7.25 7.04 7.06 
*** 

45 
sd 

12 
0.52 0.30 0.37 0.39 0.43 

x 7.42 7.24 7.21 7.31 7.29 
*** 

59§ 
sd 

12 
0.34 0.29 0.33 0.27 0.32 

x 6.47 5.80 6.50 6.21 6.25 
*** 

73 
sd 

12 
0.29 0.31 0.23 0.28 0.39 

x 7.26 6.90 7.30 6.92 7.08 
*** 

101 
sd 

12 
0.51 0.44 0.47 0.40 0.48  

* P [�\
] \�^
_�`�`�a�[�\�] \�b�_�`�`�`�a�[�\�]�\�\�b�_�c�d!e�f$g�h'i�j k�f�j l+j m�n
f�h+o�p -test for paired measurements 
§ Due to other experiments on the same day, measurement conditions were different on this occasion. 
Cows experienced extensive ‘stress’ before measurements could be performed. 
 

The moisture of teat skin in dry cows varied between values of 23.0 and 57.5. The 

pH values were in the range of 5.80 to 7.46. All cows followed the same pattern for 

moisture and pH of their teat skin through the dry period. For both moisture and pH, 

differences between cows were generally smaller than those between dates. The T-

test resulted in significant differences between teat skin moisture and pH of the 

different occasions, except for the last comparison of moisture data. 

 

The obvious decrease in pH on one occasion and increase in moisture on another 

occasion was observed in all cows to almost the same extent.  

 

The pH levels of dry cows in this study were higher (mean = 7.00) than in some 

experiments before (compare Tables 40 and 43). 
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Fig. 17: Development of teat skin moisture of dry cows during the dry season 
in New Zealand (12 cows) 
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Fig. 18: Development of teat skin pH of dry cows during the dry season in New 
Zealand (12 cows) 
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Fig. 19: Mean teat skin moisture (± standard deviation) and pH (± standard 
deviation) of 12 dry cows compared with weather data (relative humidity (%) 
and temperature (°C)) 
 

The figure above demonstrates teat skin moisture and pH in comparison with 

weather data, represented as relative humidity and temperature. A correlation 

between weather data and teat skin data will be performed in the next section, where 

more data was available for this analysis. 

 

4.2.2  Seasonal influences 

The teat skin parameters moisture and pH were determined from 10 twin sets during 

an entire lactation. The cows were treated with two different pulsation modes (‘fast’ or 

‘slow’) throughout the lactation. Before each milking commenced, the environmental 

temperature (°C) and relative humidity (per cent) were determined and recorded.  

 

The following figures demonstrate the mean teat skin moisture or pH of cows 

throughout the entire lactation period. The two different pulsation modes in relation to 

temperature and relative humidity of the environment are presented separately.  

 

 

         31                     45                    59                     73                    101 
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Fig. 20: Teat skin moisture of cows milked with pulsation mode ‘fast’ or ‘slow’ 
throughout one season, compared with environmental temperature (°C) and 
relative humidity (%) 
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Fig. 21: Teat skin pH of cows milked with pulsation mode ‘fast’ or ‘slow’ 
throughout one season, compared with environmental temperature (°C) and 
relative humidity (%) 
 

A correlation of environmental data and the teat skin data was performed, to test if 

the humidity and temperature correlated with teat skin data. Pearson’s correlation 

coefficients were calculated, separately for each treatment group. The results are 

summarised in the table below.  
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Tab. 49: Correlation of environmental temperature (°C) and rel. humidity (%) 
with teat skin moisture and pH 

Parameter Moisture pH 
Treatment Fast Slow Fast Slow 

Rel. humidity (%) 0.091NS 0.020NS -0.040NS -0.116* 
Temperature (°C) 0.136NS 0.201*** -0.192*** -0.305*** 

* P q�r
s r�t
u�v�v�w�q�r�s r�x�u�v�v�v�w�q�r�s�r�r�x�u�y�z!{�|$}�~'��� ��|�� �+� ���
|�~+����}��+����� ��~+� }�|  
 

No significant correlation of relative humidity with teat skin moisture or pH was noted. 

Yet, there was a correlation on a low level between environmental temperature with 

teat skin moisture and pH.  

 

4.2.2.1 Influence of time of day 

In Trials 1, 2 and 5, an am/pm effect on moisture data was noticed. Therefore, the 

am and pm data of these trials is compared in the subsequent table. In section 4.2.2, 

an influence of temperature on teat skin data was discovered. Therefore, this 

parameter is included in the following table. The am and pm values of temperature 

and moisture measurements were compared separately in a T-test for paired 

measurements. The results are included in Table 50. Only data of untreated teat skin 

is included. 

 
Tab. 50: Comparison of am and pm data for mean teat skin moisture and 
temperature 

Moisture pre-milking Temperature (°C) 
Trial 

am pm am pm 
1§ 45.1 55.6 20.4 24.1 
2 31.4 39.0 14.1 19.7 

Period 1 26.4 42.5 10.5 13.3 
Period 2 39.7 39.5 13.3 16.3 5§ 
Period 3 30.8 44.0 13.5 17.3 

x 34.7 44.1 14.4 18.1 

P-values *** *** 
* P q�r
s r�t
u�v�v�w�q�r�s r�x�u�v�v�v�w�q�r�s�r�r�x�u�y�z!{�|$}�~'��� ��|�� �+� ���
|�~+��� -test paired measurements 
 

The moisture and temperature values were significantly higher for the pm 

measurements.  
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4.3 Milking influences on teat skin and teat tissue 

4.3.1 Influence of milking interval 

In Trial 2, six identical twin sets were milked either once (24 h intervals, at seven am) 

or twice a day (eight and 16 h intervals, at seven am and three pm) for seven 

milkings. The teat skin parameters of all cows were measured before each milking 

time. Post milking teat disinfection was ceased for the whole period, commencing two 

days before the start of the trial. An analysis of variance with repeated 

measurements was performed with the data, to test for treatment effects and for 

differences between am and pm measurements. A significant effect of time (P < 

0.0001) was obtained, therefore the data for each day was analysed separately. No 

interaction between treatment and time was found (P > 0.05). The results are given in 

the following tables. 

 

Tab. 51: Comparison of teat skin moisture of cows milked once a day (OAD) or 
twice a day (TAD) 

Treatment  
OAD (7 am) TAD (7 am, 3 pm)  Consecutive 

milking 
x sd P-value1 x sd P-value1 P-value2 

1, pm 43.8 14.7  39.5 10.0  NS 
2, am 31.1 13.2 30.4 7.9 NS 
3, pm 41.7 9.0 

*** 
39.8 10.1 

*** 
 NS 

4, am 31.2 10.3 31.2 10.8 NS 
5, pm 38.1 9.5 

*** 
39.2 11.9 

*** 
 NS 

6, am 32.6 12.6 31.1 9.8 NS 
7, pm 38.8 11.2 

*** 
37.0 11.6 

* 
NS 

Total pm 40.6 13.2 38.9 7.8 

Total am 31.7 8.8 
 

30.9 10.1 
  

* P ���
� ���
����� P ����� �������������������������������!���$���'��� ����� �+� �� 
���+¡  
1 Analysis of variance, comparing am and pm milkings 
2 Analysis of variance with repeated measurements, comparing treatments 
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Tab. 52: Comparison of teat skin pH of cows milked once a day (OAD) or twice 
a day (TAD) 

Treatment 
OAD (7 am) TAD (7 am, 3 pm) 

 Consecutive 
milking 

x sd P-value1 x sd P-value1 P-value2 
1, pm 6.99 0.49  6.75 0.48  0.016 
2, am 7.10 0.52 6.91 0.58 NS 
3, pm 6.76 0.45 

*** 
7.02 0.40 

NS 
** 

4, am 6.67 0.40 6.58 0.30 NS 
5, pm 6.73 0.53 

NS 
6.70 0.46 

NS 
NS 

6, am 6.69 0.35 6.80 0.38 NS 
7, pm 6.82 0.42 

NS 
6.93 0.39 

NS 
NS 

Total, pm 6.83 0.48 6.85 0.44 

Total, am 6.82 0.47 
 

6.77 0.45 
  

* P ¢�£
¤ £�¥
¦�§�§�¨�¢�£�¤ £�©�¦�§�§�§�¨�¢�£�¤�£�£�©�¦�ª�«!¬�$®�¯'°�± ²��± ³+± ´�µ
�¯+¶  
1 Analysis of variance, comparing am and pm milkings 
2 Analysis of variance with repeated measurements, comparing treatments 
 

The parameter moisture had significantly higher values in the afternoon than in the 

morning, in both treatment groups. The differences between am and pm milkings 

were greater than between treatment groups. No significant differences were noticed, 

comparing the treatment groups with each other. Overall, the mean teat skin 

moisture decreased slightly during the trial period.  

 

For the teat skin pH, no significant differences were obtained between the two 

treatment groups. The am data did not show any significant differences to the pm 

data. For pH measurements, no over all trend could be observed. 

 

4.3.2 Influence of teat disinfection 

The pilot study, (Trial 1) was performed to obtain a first impression of the suitability of 

the Corneometer CM 820 and Skin-pH-Meter PH 900 (Courage and Khazaka, 

electronic GmbH) to determine the effects of teat disinfection on teat skin under New 

Zealand field conditions. Three twin sets were part of the trial with crossover design 

for 20 milkings and with the commonly used teat sanitiser as treatment (section 

3.1.4). Because the treatment started at Milking 1 and was crossed over at Milking 

12, the data for Milkings 1, 12 and 13 was not included in the analysis.  
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This resulted in a division of the data into two treatment periods (Milking 2 - 11 = 

Period 1 and Milking 14 - 20 = Period 2). Moisture and pH were determined before 

milking, directly after cluster removal and approximately 45 min after milking. 
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Fig. 22: Mean moisture pre-milking of all teats, Trial 1; 
__•__ teats treated for 11 

milkings, untreated for 9 milkings, --�-- teats untreated for 11 milkings and 
treated for 9 milkings 
 

The figure above demonstrates the effect of the treatment on the parameter 

moisture. The teat skin moisture of untreated skin decreased to values of 40 - 50. 

The teat skin moisture increased again, after treatment started (v��� )RU� WHDWV� WKDW�

were treated in the first period, teat skin moisture increased to values of 60 - 80 and 

decreased slightly after treatment stopped (��� The fluctuation pattern of moisture 

values seen in this trial could be observed on other occasions as well and was 

examined in 4.2.2.1. Even teat skin that was not sprayed over a period of seven 

days, still exhibited an increase in moisture in the afternoon and a decrease in 

moisture in the morning (compare 4.3.1). 
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Fig. 23: Mean pH pre-milking of all teats, Trial 1; 
__•__

 teats treated for 11 
milkings, untreated for 9 milkings, --�--teats untreated for 11 milkings and 
treated for 9 milkings 
 

The figure above shows the development of teat skin pH during the trial period. The 

pH of untreated teat skin fluctuated between 6.0 and 6.7, whereas the pH of treated 

skin decreased to values between 5.4 and 6.0. After the crossover, the pH of treated 

skin decreased very quickly (v��ZKHUHDV�WKH�S+�RI�XQWUHDWHG�VNLQ�URVH�VORZO\������ 

 

Tab. 53: Mean moisture pre-milking for base, barrel and tip, separately for am 
and pm data (Trial 1) 

Left teats Right teats Milking 
time Location Treatment 

x sd 
Treatment 

x sd 
Period 

Treated 37.2 11.6 Untreated 34.8 16.1 1 
am 

Untreated 43.9 14.0 Treated 52.8 14.1 2 
Treated 67.7 14.0 Untreated 42.8 13.4 1 

pm 
Base 

Untreated 57.2 19.8 Treated 73.0 24.6 2 

Treated 45.9 13.5 Untreated 38.6 14.7 1 
am 

Untreated 57.2 15.0 Treated 57.6 14.9 2 
Treated 73.5 13.8 Untreated 44.1 14.2 1 

pm 
Barrel 

Untreated 68.7 22.4 Treated 81.0 25.8 2 

Treated 50.6 17.7 Untreated 39.3 13.1 1 
am 

Untreated 54.8 16.1 Treated 55.2 14.7 2 
Treated 82.3 16.6 Untreated 47.8 12.0 1 

pm 
Tip 

Untreated 60.3 14.4 Treated 91.4 20.3 2 

 

pm     am     pm    am    pm    am     pm    am    pm    am    pm     am     pm    am    pm    am    pm    am    pm   am 

0 
~ 
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Tab. 53 a: Mean moisture post milking for base, barrel and tip, separately for 
am and pm data (Trial 1) 

Left teats Right teats Milking 
time Location Treatment 

x sd 
Treatment 

x sd 
Period 

Treated 102.1 15.9 Untreated 100.4 21.4 1 
am 

Untreated 118.1 20.8 Treated 116.4 21.3 2 
Treated 104.5 11.9 Untreated 87.9 22.7 1 

pm 
Base 

Untreated 117.3 28.7 Treated 116.0 25.6 2 

Treated 105.2 13.2 Untreated 106.3 12.0 1 
am 

Untreated 125.0 14.5 Treated 121.4 16.7 2 
Treated 106.1 8.6 Untreated 94.7 17.9 1 

pm 
Barrel 

Untreated 117.7 26.4 Treated 118.6 22.1 2 

Treated 107.2 7.9 Untreated 107.7 6.5 1 
am 

Untreated 121.4 17.1 Treated 120.1 16.7 2 
Treated 105.0 9.3 Untreated 102.0 9.6 1 

pm 
Tip 

Untreated 120.0 21.0 Treated 123.5 15.2 2 

 

Tab. 53 b: Mean moisture post milking 45 min for base, barrel and tip, 
separately for am and pm data (Trial 1) 

Left teats Right teats Milking 
time Location Treatment 

x sd 
Treatment 

x sd 
Period 

Treated 95.9 19.1 Untreated 71.4 22.4 1 
am 

Untreated 88.6 26.1 Treated 118.6 15.0 2 
Treated 98.3 16.4 Untreated 57.3 19.4 1 

pm 
Base 

Untreated 94.3 29.0 Treated 116.9 22.0 2 

Treated 98.9 15.9 Untreated 70.7 20.8 1 
am 

Untreated 95.0 23.4 Treated 126.0 12.0 2 
Treated 104.0 11.3 Untreated 61.6 20.4 1 

pm 
Barrel 

Untreated 100.4 25.9 Treated 121.7 20.2 2 

Treated 106.2 7.0 Untreated 73.3 17.0 1 
am 

Untreated 96.7 23.3 Treated 127.9 5.6) 2 
Treated 107.9 6.4 Untreated 66.3 16.7 1 

pm 
Tip 

Untreated 99.0 27.0 Treated 126.4 14.2 2 

 

The data was analysed with an analysis of variance with repeated measurements for 

Periods 1 and 2, morning and evening milkings and the three locations separately, to 

test for differences between the two treatment groups (Table 54).  
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Tab. 54: P-values for treatment comparisons of moisture (Trial 1) 
Moisture pre-milking Moisture post milking Moisture post milking 45 

min Milking 
times Location 

Period 1 Period 2 Period 1 Period 2 Period 1 Period 2 
Base NS NS NS NS *** ** 
Barrel *** NS NS NS *** *** am 

Tip *** NS NS NS *** *** 
Base *** NS ** NS *** ** 
Barrel *** NS ** NS *** ** pm 

Tip *** *** NS NS *** *** 
* P ·¹¸�º�¸�»�¼¾½�½À¿Á·Â¸�º�¸�Ã�¼Ä½�½�½Å¿Á·Â¸�º�¸�¸�Ã�¼�Æ�Ç!È�É$Ê�ËÍÌ�Î Ï�É�Î ÐÑÎ Ò$Ó�É�ËÑÔÖÕ×É$Ó�Ø Ù sis of variance with repeated 
measurements  
 

The teat skin moisture pre-milking of treated teats was higher than that of untreated 

teats. These differences were significant in the first period, but not significant in the 

second (Table 54). Moisture values, obtained directly after the cups came off 

(moisture post milking) were considerably higher than the moisture pre-milking. For 

this analysis moisture values exceeding 100 had to be included in the dataset. 

Directly after milking all teats were wet regardless of the treatment.  

 

The differences in moisture between the two treatment groups were small, and were 

calculated as significantly different only in the first period for base and barrel at the 

pm milkings.  

 

Approximately 45 min after milking, the teat skin was dryer than directly after milking. 

In both periods, treated teat skin was significantly more moist than untreated skin. 

Moisture values post milking 45 min were higher than moisture values pre-milking 

regardless of treatment. 
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Tab. 55: Mean pH pre-milking for base, barrel and tip, separately for am and pm 
data (Trial 1) 

Left teats Right teats Milking 
time Location Treatment 

x sd 
Treatment 

x sd 
Period 

Treated 5.15 0.27 Untreated 5.45 0.27 1 
am 

Untreated 6.32 0.29 Treated 5.84 0.50 2 
Treated 4.56 0.42 Untreated 5.34 0.37 1 

pm 
Base 

Untreated 5.84 0.35 Treated 5.23 0.42 2 

Treated 5.08 0.25 Untreated 5.38 0.25 1 
am 

Untreated 6.09 0.32 Treated 5.86 0.44 2 
Treated 4.46 0.31 Untreated 5.32 0.35 1 

pm 
Barrel 

Untreated 5.83 0.33 Treated 5.25 0.41 2 

Treated 5.24 0.26 Untreated 5.49 0.25 1 
am 

Untreated 6.29 0.30 Treated 6.22 0.44 2 
Treated 4.54 0.32 Untreated 5.48 0.30 1 

pm 
Tip 

Untreated 6.09 0.33 Treated 5.46 0.33 2 

 

Tab. 55 a: Mean pH post milking for base, barrel and tip, separately for am and 
pm data (Trial 1) 

Left teats Right teats Milking 
time Location Treatment 

x sd 
Treatment 

x sd 
Period 

Treated 5.24 0.24 Untreated 5.39 0.23 1 
am 

Untreated 6.33 0.20 Treated 5.93 0.31 2 
Treated 4.71 0.35 Untreated 5.16 0.21 1 

pm 
Base 

Untreated 6.00 0.27 Treated 5.23 0.28 2 

Treated 5.27 0.21 Untreated 5.39 0.17 1 
am 

Untreated 6.17 0.22 Treated 5.94 0.31 2 
Treated 4.67 0.30 Untreated 5.24 0.20 1 

pm 
Barrel 

Untreated 5.93 0.30 Treated 5.30 0.33 2 

Treated 5.50 0.21 Untreated 5.57 0.15 1 
am 

Untreated 6.52 0.25 Treated 6.37 0.35 2 
Treated 4.93 0.30 Untreated 5.44 0.19 1 

pm 
Tip 

Untreated 6.32 0.27 Treated 5.83 0.42 2 
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Tab. 55 b: Mean pH post milking 45 min for base, barrel and tip, separately for 
am and pm data (Trial 1) 
Milking 

time Location Treatment Left teats Treatment Right teats Period 

   x sd  x sd  
Treated 4.29 0.39 Untreated 5.12 0.25 1 

am 
Untreated 5.63 0.42 Treated 4.82 0.33 2 
Treated 4.11 0.41 Untreated 5.12 0.29 1 

pm 
Base 

Untreated 5.65 0.44 Treated 4.82 0.36 2 

Treated 4.05 0.16 Untreated 5.16 0.20 1 
am 

Untreated 5.57 0.32 Treated 4.66 0.22 2 
Treated 3.90 0.18 Untreated 5.13 0.32 1 

pm 
Barrel 

Untreated 5.69 0.37 Treated 4.75 0.29 2 

Treated 4.09 0.16 Untreated 5.28 0.34 1 
am 

Untreated 5.93 0.42 Treated 4.74 0.25 2 
Treated 3.95 0.19 Untreated 5.34 0.32 1 

pm 
Tip 

Untreated 6.00 0.47 Treated 4.92 0.37 2 

 

Tab. 56: P-values for treatment comparison of pH (Trial 1) 
pH pre-milking pH post milking pH post milking 45 min Milking 

times Location 
Period 1 Period 2 Period 1 Period 2 Period 1 Period 2 

Base *** ** ** *** * *** 

Barrel *** NS ** * *** *** am 

Tip *** NS ** NS *** *** 

Base *** *** *** *** *** *** 

Barrel *** *** *** *** *** *** pm 

Tip *** *** *** * *** *** 
* P Ú¹Û�Ü�Û�Ý�Þ¾ß�ßÀàÁÚÂÛ�Ü�Û�á�ÞÄß�ß�ßÅàÁÚÂÛ�Ü�Û�Û�á�Þ�â�ã!ä�å$æ�çÍè�é ê�å�é ëÑé ì$í�å�çÑîÖï×å$í�ð ñòè�é èóæ�ë�ô$í
õ+é í�å$ì$öø÷ùé ç+úûõ�ö�ü$öýí�çþöýÿ
measurements 
 

The treated teats had a lower pH than the untreated teats throughout the experiment. 

The majority of treatment comparisons resulted in significant differences. The pH 

values directly after milking were not greatly different to the values obtained before 

milking. It was noted that the teat skin pH after milking was different to the pH of milk 

(approximately 6.6).  

 

Forty-five minutes after milking (and treatment) the pH of all teats was lower than 

directly after milking. Treated skin had a significantly lower pH than untreated skin.  
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As the best locations for measurements were still unknown, moisture and pH were 

determined at base, barrel and tip of all teats during this pilot study (Trial 1). These 

different locations were compared with each other. Four representative milkings of 

Period 1 and 2 were chosen (7, 8, 18 and 19), and the means and standard 

deviations of moisture and pH were calculated for treated and untreated skin. Then a 

T-test for paired measurements was performed, comparing the different locations on 

the teat per milking. In the following tables, morning and evening milkings are 

compared separately. 

 

Tab. 57: Moisture of treated and untreated teats pre-milking, comparing 
different locations on the teat (Milkings 8 and 18) 

Milking 8 Milking 18 
Location  

Untreated Treated Untreated Treated 
x 36.7 46.8 49.3 56.0 

Base 
sd 19.1 13.4 13.1 17.8 

x 38.4 57.7 62.5 57.8 
Barrel 

sd 12.3 12.6 12.4 13.4 

x 48.0 64.8 59.1 58.0 
Tip 

sd 13.1 12.8 12.3 12.8 

Barrel vs. Base NS * ** NS 
Tip vs. Barrel * NS NS NS 
Tip vs. Base * * NS NS 

* P ����� �����	�
�������� �����	�
������������������������������ "!�# $���# %&# '	(��	 &)	* -test for paired measurements 

 

Tab. 57 a: Moisture of treated and untreated teats pre-milking, comparing 
different locations on the teat (Milkings 7 and 19) 

Milking 7 Milking 19 
Location  

Untreated Treated Untreated Treated 
x 51.0 78.3 53.3 73.6 

Base 
sd 20.4 18.9 18.0 25.7 

x 53.5 86.5 61.1 76.8 
Barrel 

sd 21.3 16.3 18.5 24.0 

x 60.2 98.9 57.8 88.8 
Tip 

sd 21.3 24.9 10.1 15.0 

Barrel vs. Base NS NS NS NS 
Tip vs. Barrel NS * NS * 
Tip vs. Base NS ** NS * 

* P ����� �����	�
�������� �����	�
������������������������������ "!�# $���# %&# '	(��	 &)	* -test for paired measurements 
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Tab. 58: pH of treated and untreated teats pre-milking, comparing different 
locations on the teat (Milkings 8 and 18) 

Milking 8 Milking 18 
Location  

Untreated Treated Untreated Treated 
x 6.37 5.64 6.31 5.71 

Base 
sd 0.34 0.34 0.22 0.32 

x 6.25 5.68 6.03 5.73 
Barrel 

sd 0.22 0.37 0.27 0.33 

x 6.45 5.96 6.25 6.09 
Tip 

sd 0.33 0.34 0.27 0.26 

Barrel vs. Base * NS ** NS 
Tip vs. Barrel * *** * *** 
Tip vs. Base NS ** NS *** 

* P +�,�- ,�.�/	0
0�1+�,�- ,�2�/	0
0�0�1�+�,�-�,�,�2�/�3�4�5�6�7�8"9�: ;�6�: <&: =	>�6	8&?	@ -test for paired measurements 

 

Tab. 58 a: pH of treated and untreated teats pre-milking, comparing different 
locations on the teat (Milkings 7 and 19) 

Milking 7 Milking 19 
Location  

Untreated Treated Untreated Treated 
x 6.31 5.43 5.98 5.46 

Base 
sd 0.27 0.63 0.20 0.56 
x 6.21 5.31 6.01 5.54 

Barrel 
sd 0.23 0.38 0.38 0.48 
x 6.51 5.49 6.26 5.74 

Tip 
sd 0.27 0.42 0.29 0.37 

Barrel vs. Base NS NS NS NS 
Tip vs. Barrel *** * * ** 
Tip vs. Base * NS * NS 

* P +�,�- ,�.�/	0
0�1+�,�- ,�2�/	0
0�0�1�+�,�-�,�,�2�/�3�4�5�6�7�8"9�: ;�6�: <&: =	>�6	8&?	@ -test for paired measurements 

 

The comparisons of the different locations did not show clear results. For the pH, 

Milkings 8 and 18 and Milkings 7 and 19 showed similar results. For the parameter 

moisture, Milkings 7 and 19 exhibited comparable outcomes, but Milkings 8 and 18 

did not. In the following trials, locations barrel and tip were chosen for measurements 

(section 4.1.3). 

 

At the end of the trial, foremilk quarter samples were drawn aseptically. All quarters 

were bacteriologically negative, except one quarter that was infected with S. aureus. 

During the trial period, no clinical case of mastitis was noted. 
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4.3.2.1 Influence of teat sanitiser formulation 

4.3.2.1.1 Effect on teat skin moisture and pH 

The objective of this experiment was to determine the influence of different post 

milking teat disinfectant formulations on bovine teat skin moisture, pH and aerobic 

bacterial flora. Six different teat disinfection formulations were tested on six identical 

twin sets, during a total of seven weeks during peak lactation.  

 

The experimental phase of six weeks was divided into three fortnightly periods. In 

each period, two different teat sanitiser formulations were tested, using a crossover 

design (Table 27) and a total of six formulations were tested altogether (Table 28). 

Teat skin parameters were measured at the tip and barrel of each teat before milking. 

At the end of each treatment week, rinsing samples of all teats were taken (section 

3.2.3.3).  

 

The data was analysed as three separate crossover experiments using the Mixed 

Models procedure of SAS.  

 

Data for each day was analysed separately, after establishing that there were some 

significant differences between days (P < 0.05), but no interaction between day and 

treatment. Morning and afternoon measurements were also analysed separately, as 

tests for differences between the morning and afternoon results were nearly all 

significant. 

 

Twin, cow and period were specified as random effects in the model, and treatment, 

teat position (front or back) and location on teat (barrel or tip) were specified as fixed 

effects. 
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Tab. 59: Comparison of mean moisture pre-milking of different treatments,       
(Trial 5) 

Day milking 
Period 1 

1 pm 2 am 3 am 3 pm 4 pm 5 am 5 pm 
T 1 34.1 A 33.9 A 33.6 A,B 65.7 A 71.0 A,B 35.3 A 50.8 A 
T 2 33.1 A 28.7 A 30.8 A,B 63.9 A 73.5 A 26.2 B 47.3 A,C 
T 3 37.7 A 27.9 A 35.7 A 50.9 B 64.7 A,B 31.8 A,B 39.2 B,C 

No T 37.3 A 28.2 A 28.2 B 51.1 B 58.8 B 25.7 B 36.5 B 
sd 16.3 16.4 16.1 21.3 23.2 17.4 21.0 

 
Day milking 

Period 2 
1 pm 2 am 3 am 3 pm 4 pm 5 am 5 pm 

T 1 57.3 A 45.9 A 46.5 A 66.3 A 65.3 A 40.3 A 61.3 A 
T 4 53.3 A 35.9 B 47.1 A 46.9 B 53.0 B 39.2 A 53.7 A 
T 5 52.9 A 45.8 A 48.5 A 44.0 B,C 44.3 C 39.4 A 45.0 B 

No T 49.3 A 47.5 A 42.0 A 39.6 C 37.9 C 37.4 A 39.4 B 
sd 21.2 18.6 19.8 17.0 17.7 19.9 16.5 

 
Day milking 

Period 3 
1 pm 2 am 3 am 3 pm 4 pm 5 am 5 pm 

T 1 34.6 A 32.1 A 36.0 A 70.1 A 68.4 A 36.8 A 69.4 A 
T 6 31.9 A 29.5 A 28.9 B 57.1 B 52.8 B 28.1 B 58.1 A, B 
T 7 30.3 A 22.9 B 29.0 B 43.2 C 46.1 B 30.8 B 45.2 B 

No T 33.3 A 27.8 A 30.2 A,B 46.0 C 48.3 B 31.4 B 47.6 B 
sd 11.5 11.3 14.5 19.7 18.7 11.3 19.4 

A,B,C,D: Mean values with different superscript letter were significantly different within column 
sd between treatments 
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Tab. 60: Comparison of mean pH pre-milking of different treatments, (Trial 5) 
Day milking 

Period 1 
1 pm 2 am 3 am 3 pm 4 pm 5 am 5 pm 

T 1 6.65 A 6.54 A 6.51 A 6.01 B 5.73 B 6.26 A 5.95 B 
T 2 6.48 A,C 6.58 A 6.39 A 5.91 B 5.58 B 6.19 A 5.97 B 
T 3 6.40 B,C 6.48 A 6.51 A 5.84 B 5.56 B 6.27 A 5.83 B 

No T 6.27 B 6.49 A 6.55 A 6.38 A 6.21 A 6.26 A 6.26 A 
sd 0.37 0.43 0.46 0.52 0.58 0.43 0.59 

 
Day milking 

Period 2 
1 pm 2 am 3 am 3 pm 4 pm 5 am 5 pm 

T 1 6.14  A,B 6.27 A 6.40 A,B 5.55 B 5.78 B 6.60 A,B 5.73 B 
T 4 6.05 B 6.04 B 6.11 B 5.24 C 5.55 C 6.35 B 5.38 C 
T 5 6.15 A,B 6.31 A 6.61 A 6.44 A 6.58 A 6.64 A 6.63 A 

No T 6.33 A 6.40 A 6.68 A 6.52 A 6.68 A 6.86 A 6.84 A 
sd 0.41 0.44 0.57 0.68 0.65 0.58 0.74 

 
Day milking 

Period 3 
1 pm 2 am 3 am 3 pm 4 pm 5 am 5 pm 

T 1 6.76 A 6.58 A 6.34 B 5.54 A 5.60 C 6.23 B 5.38 C 
T 6 6.74 A 6.30 B 5.78 C 4.85 B 4.76 D 5.91 C 4.81 D 
T 7 6.77 A 6.83 A 6.79 A 6.20 C 6.16 B 6.76 A 5.87 B 

No T 6.79 A 6.73 A 6.87 A 6.55 D 6.66 A 6.60 A 6.20 A 
sd 0.54 0.56 0.68 0.84 0.90 0.59 0.62 

A,B,C,D: Mean values with different superscript letter were significantly different within column 
sd between treatments 
 

A significant treatment effect was defined, where 2 out of 3 am or pm measurements 

were significantly different to the positive or negative control. This was performed 

separately for am and pm data. The data for Milking 1 was excluded from this 

evaluation. The results are summarised in the following tables. 
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Tab. 61: Evaluation of treatment effects on teat skin moisture and pH, 
comparison of treatment with positive control (Trial 5) 

Moisture pH Treatment compared 
with T 1 in relevant 

period am pm am pm 

T 2, Period 1 ND ND ND ND 
T 3, Period 1 ND D ND ND 
T 4, Period 2 ND D ND D 
T 5, Period 2 ND D ND D 
T 6, Period 3 D D D D 
T 7, Period 3 D D D D 

No T, Period 1 ND D ND D 
No T, Period 2 ND D ND D 
No T, Period 3 ND D D D 

D = 2 out of 3 am or pm measurements were significantly different to T1 in the relevant period 
ND = less than 2 am or pm measurements were significantly different to T1 
 

Tab. 62: Evaluation of treatment effects on teat skin moisture and pH, 
comparison of treatment with negative control (Trial 5) 

Moisture pH Treatment compared 
with No T in relevant 

period am pm am pm 

T 1, Period 1 ND D ND D 
T 1, Period 2 ND D ND D 
T 1, Period 3 ND D D D 
T 2, Period 1 ND D ND D 
T 3, Period 1 ND ND ND D 
T 4, Period 2 ND D D D 
T 5, Period 2 ND ND ND ND 
T 6, Period 3 ND ND D D 
T 7, Period 3 ND ND ND D 

D = 2 out of 3 am or pm measurements were significantly different to no T in the relevant period  
ND  = less than 2 am or pm measurements were significantly different to no T 
 

The following figure compares the mean teat skin pH determined on Day five, pm 

milking, with the pH of the treatment sanitisers (data in Table 60). 
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Fig. 24: Teat skin pH (Day 5, pm milking) versus pH of teat sanitiser formulation 
(Trial 5) 
 

A clear am/pm effect was noted; therefore, the results were explored separately for 

am and pm milkings.  

 

Taking Tables 59 and 61 into account, it was found that the moisture of untreated 

skin compared with the positive control was lower during the entire trial period of six 

weeks. This was significant for the pm milkings; however, no significance was 

obtained for am milkings. 

 

The teat skin treated with T 2 or T 4 did not show great differences in moisture 

compared to the positive control at am milkings. At the pm milkings, T 2 had no 

significant effect on teat skin moisture, whereas teat skin treated with T 4 was 

significantly less moist than the positive control. T 2 and T 4 caused an increase in 

teat skin moisture compared to no T. These results were statistically not significant at 

am milkings, but became significant at pm milkings. 
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Compared to the positive control, the teat skin did not show great differences in 

moisture, when treated with T 3 or T 5 at am milkings, whereas it was significantly 

less moist than the positive control at pm milkings. Teat skin treated with T 6 or T 7 

had significantly lower moisture values than the positive control at am and pm 

milkings. The moisture of teats that obtained T 3, T 5, T 6 or T 7 showed no 

significant difference the negative control.  

 

The skin pH of teats treated with the positive control was lower than that of untreated 

skin. These results were significant for all pm milkings, but not significant for the am 

milkings in Periods 1 and 2. T 2 and T 3 caused no significant pH differences to the 

positive control at am and pm milking. Compared to the negative control, the pH 

decreased with these two treatments. These results were not significant at am 

milkings, but became significant at the pm milkings. 

 

Teats treated with T 4 and T 6 always exhibited a lower skin pH than the positive and 

the negative control. This was statistically significant, except at am milkings for T 4 

compared with the positive control. The pH of teats treated with T 5 did not differ 

greatly to the negative control group, whereas slightly higher values were observed in 

comparison to the positive control (significant for pm milkings only). For T 7, the pH 

increased significantly at both milking times compared to the positive control. But with 

regard to the negative control, no significant differences were noticed at am milkings, 

although the pH was significantly lower at pm milkings for teats treated with this teat 

spray. 
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4.3.2.1.2 Effect on teat skin flora 

Teat rinsing samples were taken at the end of each five-day treatment interval. 240 

rinsing samples were analysed and 991 isolates counted. 

 

For statistics, bacteria counts were analysed using a chi-squared analysis on the 

number of teats colonised with each isolate. The distribution of bacteria on teat skin, 

treated with different teat sanitisers is shown in the subsequent table. Table 63 a 

demonstrates the number of bacteria counted in 0.01 ml of rinsing sample (by 

treatment), whereas Tables 63 b and c exhibit these results in more detail, using 

Week 1 and 6 as examples. Finally, Table 63 d lists data of teats that obtained the 

same treatment during the trial. 

 

The aerobic isolates found on untreated teat skin consisted of nine different bacteria 

genera, one yeast and a group of miscellaneous bacteria. Bacillus spp., Micrococcus 

spp., Streptococcus spp. and CNS predominated. All cows had bacteria of these four 

genera on at least one of their four teats. On average, 12 out of 12 untreated teats 

were colonised with bacilli, nine with micrococci, four with streptococci and six with 

CNS. Pseudomonas spp., Gram-negative coccibacilli, yeasts and Gram-positive rods 

were found less commonly. Not every cow had bacteria of these types on its teats.  
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Tab. 63: Teats colonised with each genus of bacteria per treatment, 12 teats per 
treatment (Trial 5) 

Treatment Treatment Week 1 
T1 No T T 2 T 3 

Week 2 
T 1 No T T 2 T 3 

n (teats) 12 12 12 12 
P 

n (teats) 12 12 12 12 
P 

Bacilli 12 12 12 11 NS Bacilli 12 12 11 11 NS 
Micrococci 4 9 4 5 NS Micrococci 6 9 6 4 NS 

CNS 1 4 4 5 NS CNS 7 6 6 5 NS 
Streptococci 0 3 5 3 * Streptococci 10 7 8 5 NS 

Corynebacteria. 3 0 3 1 NS Corynebacteria 5 8 7 7 NS 
Gram-pos. Rods 1 1 2 0 NS Gram-pos. Rods 5 0 3 2 * 
Gram-neg. Rods 1 1 3 4 NS Gram-neg. Rods 3 4 6 2 NS 
Pseudomonas 

spp. 2 0 1 0 NS Pseudomonas 
spp. 4 1 5 4 NS 

Gram-neg. 
Coccibacilli 0 1 0 0 NS Gram-neg. 

Coccibacilli 0 0 0 0 NS 

Yeasts 0 1 1 0 NS Yeasts 0 0 0 0 NS 
Miscellaneous 0 2 2 4 NS Miscellaneous 1 3 1 2 NS 

            

Treatment Treatment 
Week 3 

T 1 No T T 4 T 5 
Week 4 

T 1 No T T 4 T 5 
n (teats) 12 12 12 12 

P 
n (teats) 12 12 12 12 

P 

Bacilli 11 11 11 9 NS Bacilli 12 12 12 11 NS 
Micrococci 10 6 7 3 * Micrococci 10 11 10 9 NS 

CNS 2 1 1 1 NS CNS 8 6 9 1 ** 
Streptococci 2 5 0 1 * Streptococci 10 11 9 4 ** 

Corynebacteria 0 1 2 1 NS Corynebacteria 3 0 0 1 NS 
Gram-pos. Rods 1 0 0 0 NS Gram-pos. Rods 0 0 0 0 NS 
Gram-neg. Rods 1 2 2 1 NS Gram-neg. Rods 2 0 1 2 NS 
Pseudomonas 

spp. 8 7 7 5 NS Pseudomonas 
spp. 5 6 5 4 NS 

Gram-neg. 
Coccibacilli 0 0 0 0 NS Gram-neg. 

Coccibacilli 0 0 0 0 NS 

Yeasts 0 0 0 0 NS Yeasts 0 1 1 1 NS 
Miscellaneous 1 1 1 1 NS Miscellaneous 1 2 2 0 NS 

            
Treatment Treatment 

Week 5 
T 1 No T T 6 T 7 

Week 6 
T 1 No T T 6 T 7 

n (teats) 12 12 12 12 
P 

n (teats) 12 12 12 12 
P 

Bacilli 11 11 12 11 NS Bacilli 11 11 12 12 NS 
Micrococci 7 9 8 7 NS Micrococci 10 11 11 10 NS 

CNS 5 7 6 5 NS CNS 5 2 3 7 NS 
Streptococci 7 6 5 6 NS Streptococci 4 2 4 2 NS 

Corynebacteria 5 4 4 2 NS Corynebacteria 0 5 2 4 * 
Gram-pos. Rods 1 2 0 0 NS Gram-pos. Rods 3 6 3 4 NS 
Gram-neg. Rods 2 3 2 1 NS Gram-neg. Rods 6 6 7 4 NS 
Pseudomonas 

spp. 0 1 5 3 * Pseudomonas 
spp. 1 0 0 0 NS 

Gram-neg. 
Coccibacilli 6 4 4 4 NS Gram-neg. 

Coccibacilli 3 0 1 1 NS 

Yeasts 0 0 1 0 NS Yeasts 0 0 0 1 NS 
Miscellaneous 0 0 0 0 NS Miscellaneous 2 2 4 1 NS 

* P A�B�C B�D�E	F
F�GA�B�C B�H�E	F
F�F�G�A�B�C�B�B�H�E�I�J�K�L�M�N"O�P Q�L ificant; chi-squared analysis 
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Tab. 63 a: Number of bacteria found in 0.01 ml of peptone water per treatment 
(Trial 5) 

Treatment Treatment 
Week 1 

T1 No T T 2 T 3 
Week 2 

T 1 No T T 2 T 3 
n (teats) 12 12 12 12 n (teats) 12 12 12 12 
Bacilli 347 180 170 116 Bacilli 84 70 50 82 

Micrococci 90 107 6 110 Micrococci 23 39 21 17 
CNS 3 73 140 10 CNS 76 40 24 41 

Streptococci 0 116 14 8 Streptococci 49 121 47 48 
Corynebacteria 68 0 53 36 Corynebacteria 37 92 65 80 

Gram-pos. Rods 1 1 3 0 Gram-pos. Rods 14 0 9 5 
Gram-neg. Rods 2 45 9 4 Gram-neg. Rods 16 75 34 5 

Pseudomonas spp. 12 0 7 0 Pseudomonas spp. 146 8 175 127 
Gram-neg. 
Coccibacilli 0 15 0 0 Gram-neg. 

Coccibacilli 0 0 0 0 
Yeasts 0 28 4 0 Yeasts 0 0 0 0 

Miscellaneous 0 42 8 27 Miscellaneous 2 11 1 26 

          

Treatment Treatment 
Week 3 

T 1 No T T 4 T 5 
Week 4 

T 1 No T T 4 T 5 
n (teats) 12 12 12 12 n (teats) 12 12 12 12 
Bacilli 75 35 127 27 Bacilli 100 105 115 68 

Micrococci 34 37 10 3 Micrococci 611 209 269 99 
CNS 18 21 1 1 CNS 102 350 223 4 

Streptococci 2 20 0 1 Streptococci 192 103 122 431 
Corynebacteria 0 3 14 24 Corynebacteria 39 0 0 10 

Gram-pos. Rods 2 0 0 0 Gram-pos. Rods 0 0 0 0 
Gram-neg. Rods 1 12 5 1 Gram-neg. Rods 3 0 1 7 

Pseudomonas spp. 73 73 112 42 Pseudomonas spp. 66 23 142 55 
Gram-neg. 
Coccibacilli 0 0 0 0 

Gram-neg. 
Coccibacilli 0 0 0 0 

Yeasts 0 0 0 0 Yeasts 0 1 1 1 
Miscellaneous 2 1 6 1 Miscellaneous 7 7 8 0 

          

Treatment Treatment 
Week 5 

T 1 No T T 6 T 7 
Week 6 

T 1 No T T 6 T 7 
n (teats) 12 12 12 12 n (teats) 12 12 12 12 
Bacilli 112 76 195 78 Bacilli 285 385 347 467 

Micrococci 78 40 47 99 Micrococci 38 58 167 53 
CNS 42 94 22 135 CNS 14 13 23 16 

Streptococci 97 20 135 102 Streptococci 15 7 13 11 
Corynebacteria 43 24 18 46 Corynebacteria 0 20 5 26 

Gram-pos. Rods 2 2 0 0 Gram-pos. Rods 9 30 16 24 
Gram-neg. Rods 3 30 5 10 Gram-neg. Rods 38 27 70 20 

Pseudomonas spp. 0 3 15 7 Pseudomonas spp. 1 0 0 0 
Gram-neg. 
Coccibacilli 15 10 25 12 

Gram-neg. 
Coccibacilli 9 0 2 3 

Yeasts 0 0 10 0 Yeasts 0 0 0 1 
Miscellaneous 0 0 0 0 Miscellaneous 6 19 104 1 
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Tab. 63 b: Number of bacteria found in 0.01 ml of rinsing per teat, Week 1       
(Trial 5) 

Week 1 T 1 
Type of bacteria 1* 2 3 4 5 6 7 8 9 10 11 12 

Bacilli 17 11 61 33 15 8 3 12 27 7 128 25 
Micrococci 22 66 0 0 0 0 0 0 1 1 0 0 

CNS 0 3 0 0 0 0 0 0 0 0 0 0 
Streptococci 0 0 0 0 0 0 0 0 0 0 0 0 

Corynebacteria 0 0 0 0 0 0 0 0 11 23 0 34 
Gram-pos. Rods 0 0 0 0 0 0 0 1 0 0 0 0 
Gram-neg. Rods 0 0 0 0 0 0 0 0 0 2 0 0 

Pseudomonas spp. 0 0 0 0 0 0 0 0 1 11 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 

 No T 
Bacilli 26 17 33 6 18 8 2 16 2 28 7 17 

Micrococci 13 0 3 5 8 4 62 2 3 0 7 0 
CNS 0 0 5 0 0 0 0 0 13 0 53 2 

Streptococci 0 0 0 0 15 0 48 0 53 0 0 0 
Corynebacteria 0 0 0 0 0 0 0 0 0 0 0 0 

Gram-pos. Rods 0 0 0 0 0 0 1 0 0 0 0 0 
Gram-neg. Rods 0 0 0 0 0 0 45 0 0 0 0 0 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 15 0 0 

Yeasts 28 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 0 0 0 0 0 0 0 0 23 19 0 0 

 T 2 
Bacilli 2 51 8 38 1 11 21 2 1 28 1 6 

Micrococci 0 0 0 0 0 2 0 0 1 1 2 0 
CNS 0 2 0 127 5 0 0 0 0 0 6 0 

Streptococci 0 0 1 1 1 0 0 0 3 0 8 0 
Corynebacteria 0 0 0 0 0 0 0 0 14 25 14 0 

Gram-pos. Rods 0 0 2 0 0 0 0 1 0 0 0 0 
Gram-neg. Rods 0 0 1 6 0 0 0 0 0 2 0 0 

Pseudomonas spp. 0 0 0 0 0 0 0 0 7 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 4 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 3 0 5 0 0 0 0 0 0 0 0 0 

 T 3 
Bacilli 2 21 23 15 2 6 1 7 32 4 0 3 

Micrococci 6 95 0 4 0 0 4 0 1 0 0 0 
CNS 0 5 0 0 0 0 1 0 0 1 1 2 

Streptococci 0 1 0 1 0 0 6 0 0 0 0 0 
Corynebacteria 0 0 0 0 0 0 0 0 0 36 0 0 

Gram-pos. Rods 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Rods 1 1 1 0 0 0 0 0 0 0 0 1 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 0 0 2 2 0 0 0 0 17 6 0 0 

* Number of teat, 12 teats per treatment 
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Tab. 63 c: Number of bacteria found in 0.01 ml of rinsing per teat, Week 6       
(Trial 5) 

Week 6 T 1 
Type of bacteria 1* 2 3 4 5 6 7 8 9 10 11 12 

Bacilli 36 40 30 77 8 1 18 27 8 26 0 14 
Micrococci 0 2 5 3 2 3 1 0 2 2 17 1 

CNS 2 1 2 0 0 0 4 5 0 0 0 0 
Streptococci 0 0 0 0 0 0 0 9 0 2 2 2 

Corynebacteria 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-pos. Rods 0 3 0 3 0 0 3 0 0 0 0 0 
Gram-neg. Rods 0 2 0 2 0 0 3 17 0 12 0 2 

Pseudomonas spp. 0 1 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 2 0 0 0 0 0 5 2 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 4 2 0 0 0 0 0 0 0 0 0 0 

 No T 
Bacilli 102 0 42 33 26 11 10 11 13 4 29 104 

Micrococci 0 7 4 8 4 13 10 3 2 1 3 3 
CNS 4 0 0 9 0 0 0 0 0 0 0 0 

Streptococci 0 0 0 0 0 0 3 0 4 0 0 0 
Corynebacteria 8 2 0 0 0 0 8 1 0 1 0 0 

Gram-pos. Rods 0 1 0 3 0 0 18 3 0 0 3 2 
Gram-neg. Rods 2 0 0 2 0 7 0 7 0 3 0 6 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 5 0 0 0 14 0 0 0 0 0 0 0 

 T 6 
Bacilli 58 71 68 12 7 2 41 8 15 10 39 16 

Micrococci 40 2 6 35 0 27 4 4 36 7 2 4 
CNS 0 0 0 0 0 0 6 4 13 0 0 0 

Streptococci 0 0 0 0 0 0 0 1 4 4 0 4 
Corynebacteria 0 0 0 0 0 0 0 0 1 4 0 0 

Gram-pos. Rods 5 1 0 0 0 0 0 0 0 0 0 10 
Gram-neg. Rods 4 0 0 0 0 1 1 13 0 25 1 25 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 2 0 0 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 35 0 0 26 0 4 0 0 39 0 0 0 

 T 7 
Bacilli 39 13 15 16 5 13 33 20 39 22 224 28 

Micrococci 14 2 3 1 12 6 6 3 3 0 0 3 
CNS 1 2 1 8 1 1 0 0 0 2 0 0 

Streptococci 0 0 0 10 0 0 0 0 0 0 0 1 
Corynebacteria 0 2 0 0 12 0 11 0 1 0 0 0 

Gram-pos. Rods 11 0 0 0 0 1 0 8 0 0 0 4 
Gram-neg. Rods 7 0 0 0 5 1 0 7 0 0 0 0 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 3 0 0 0 0 0 

Yeasts 0 0 0 0 1 0 0 0 0 0 0 0 
Miscellaneous 0 0 0 0 1 0 0 0 0 0 0 0 

* Number of teat, 12 teats per treatment 
 
 



 

 

141 

 

Tab. 63 d: Number of bacteria found in 0.01 ml of rinsing per teat, comparing 
teats that received the same treatment (Trial 5) 

Week 1 No T 
Type of bacteria 1* 2 3 4 5 6 7 8 9 10 11 12 

Total 

Bacilli 26 17 33 6 18 8 2 16 2 28 7 17 180 
Micrococci 13 0 3 5 8 4 62 2 3 0 7 0 107 

CNS 0 0 5 0 0 0 0 0 13 0 53 2 73 
Streptococci 0 0 0 3 15 0 48 0 53 0 0 0 119 

Corynebacteria 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-pos. Rods 0 0 0 0 0 0 1 0 0 0 0 0 1 
Gram-neg. Rods 0 0 0 0 0 0 45 0 0 0 0 0 45 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 15 0 0 15 

Yeasts 0 0 0 0 0 0 0 0 23 19 0 0 42 
Miscellaneous 28 0 0 0 0 0 0 0 0 0 0 0 28 

Week 5 No T  
Bacilli 4 9 0 22 2 3 4 2 6 2 17 5 76 

Micrococci 0 0 4 4 15 3 2 2 4 4 2 0 40 
CNS 31 8 29 1 0 0 0 0 14 0 3 8 94 

Streptococci 0 1 6 0 1 1 4 0 7 0 0 0 20 
Corynebacteria 0 5 0 0 5 0 4 0 0 10 0 0 24 

Gram-pos. Rods 0 0 0 0 0 1 0 1 0 0 0 0 2 
Gram-neg. Rods 0 0 0 7 0 0 0 0 0 3 0 20 30 

Pseudomonas spp. 0 0 0 0 0 3 0 0 0 0 0 0 3 
Gram-neg. Coccibacilli 4 0 1 0 0 3 0 0 0 2 0 0 10 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 

Week 2 No T  
Bacilli 15 8 1 3 11 13 2 1 4 4 6 2 70 

Micrococci 12 1 3 0 2 2 1 0 3 5 10 0 39 
CNS 4 2 9 0 0 0 19 1 0 5 0 0 40 

Streptococci 4 2 37 60 0 0 1 0 0 15 2 0 121 
Corynebacteria 36 5 0 0 6 0 5 13 8 12 7 0 92 

Gram-pos. Rods 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Rods 0 0 8 0 12 54 0 0 0 1 0 0 75 

Pseudomonas spp. 0 0 8 0 0 0 0 0 0 0 0 0 8 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 7 0 2 2 0 0 0 11 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 

Week 6 No T  
Bacilli 102 0 42 33 26 11 10 11 13 4 29 0 281 

Micrococci 0 7 4 8 4 13 10 3 2 1 3 3 58 
CNS 4 0 0 9 0 0 0 0 0 0 0 0 13 

Streptococci 0 0 0 0 0 0 3 0 4 0 0 0 7 
Corynebacteria 8 2 0 0 0 0 8 1 0 1 0 0 20 

Gram-pos. Rods 0 1 0 3 0 0 18 3 0 0 3 2 30 
Gram-neg. Rods 2 0 0 2 0 7 0 7 0 3 0 6 27 

Pseudomonas spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 5 0 0 0 14 0 0 0 0 0 0 0 19 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Week 2 T 1 
Type of bacteria 1* 2 3 4 5 6 7 8 9 10 11 12 

Total 

Bacilli 18 5 2 18 6 1 13 3 2 3 7 6 84 
Micrococci 4 0 1 0 0 12 4 0 0 1 1 0 23 

CNS 0 0 7 9 9 43 1 5 2 0 0 0 76 
Streptococci 1 0 2 0 4 4 5 23 4 4 1 1 49 

Corynebacteria 0 8 6 7 0 0 10 6 0 0 0 0 37 
Gram-pos. Rods 1 1 4 3 0 0 0 5 0 0 0 0 14 
Gram-neg. Rods 0 0 0 0 0 0 0 1 9 6 0 0 16 

Pseudomonas spp. 0 0 0 0 39 45 0 0 8 54 0 0 146 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 2 0 0 0 0 0 0 0 0 2 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 

Week 4 T 1  
Bacilli 11 4 4 42 12 8 1 3 5 1 2 7 100 

Micrococci 45 50 115 18 3 24 0 9 8 0 5 14 291 
CNS 0 35 20 0 2 1 4 0 0 6 6 28 102 

Streptococci 6 90 5 17 2 16 12 0 2 4 0 38 192 
Corynebacteria 17 15 0 0 0 0 7 0 0 0 0 0 39 

Gram-pos. Rods 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gram-neg. Rods 1 0 2 0 0 0 0 0 0 0 0 0 3 

Pseudomonas spp. 0 0 0 10 0 21 0 0 0 12 6 17 66 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 0 0 7 0 0 0 0 7 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 

Week 1 T 1  
Bacilli 17 11 61 33 15 8 3 12 27 7 0 25 219 

Micrococci 22 66 0 0 0 0 0 0 1 1 0 0 90 
CNS 0 3 0 0 0 0 0 0 0 0 0 0 3 

Streptococci 0 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacteria 0 0 0 0 0 0 0 0 11 23 0 34 68 

Gram-pos. Rods 0 0 0 0 0 0 0 1 0 0 0 0 1 
Gram-neg. Rods 0 0 0 0 0 0 0 0 0 2 0 0 2 

Pseudomonas spp. 0 0 0 0 0 0 0 0 10 11 0 0 21 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 

Week 3 T 1  
Bacilli 7 6 3 2 7 2 14 15 4 1 0 14 75 

Micrococci 0 11 4 0 1 2 1 1 2 10 1 1 34 
CNS 0 0 0 0 2 16 0 0 0 0 0 0 18 

Streptococci 0 0 0 0 0 1 0 1 0 0 0 0 2 
Corynebacteria 0 0 0 0 0 0 0 0 0 0 0 0 0 

Gram-pos. Rods 0 0 0 0 0 0 0 0 2 0 0 0 2 
Gram-neg. Rods 0 0 0 0 1 0 0 0 0 0 0 0 1 

Pseudomonas spp. 0 0 2 1 0 5 18 20 0 14 4 9 73 
Gram-neg. Coccibacilli 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yeasts 0 0 0 0 0 0 0 0 0 0 0 2 2 
Miscellaneous 0 0 0 0 0 0 0 0 0 0 0 0 0 

* Number of teat 
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Analysing the treatment effect on the number of teats colonised with each genus of 

bacteria, no effect of treatment was found. Therefore, the number of bacteria 

obtained in 0.01 ml of peptone water was summarised in Table 63 a. Tables 63 b and 

c show the random distribution of bacteria over the teats treated with different teat 

sanitisers. The distribution of bacteria proves no relationship to the treatments. In 

fact, most fields in Tables 63 b and c exhibit ‘0’ as the result. Only Bacillus spp. is 

present on 98 per cent of fields in the tables. 

 

A sub-sample of streptococci was identified with the API 20 STREP rapid 

identification system (bioMérieux sa, France) (Table 64), to obtain an overview on the 

range of streptococci present. Seventy-six per cent of the tested isolates were 

identified as Streptococcus uberis and 43 per cent of them were isolated from 

untreated teat skin. These results were of no greater relevance because of the small 

numbers of tested isolates. 

 

Tab. 64: Identification of Streptococcus spp. with the API 20 STREP rapid 
identification system (bioMérieux sa, France) 

Treatment Sc. uberis Aerococcus 
viridans 

Enterococcus 
faecalis Sum 

T 1 2 2  4 
T 2 1   1 
T 3 3   3 
T 4    2 
T 5     
T 6 1 1 1 3 
T 7  1  1 

No T 9   10 

Sum 16 4 1 21 
 

4.3.3 Influence of pulsation  

4.3.3.1 Effect on teat skin  

It was demonstrated in chapter 4.2.2 that the environmental temperature had an 

influence on teat skin moisture and pH, although this effect was found on a very low 

level only. Therefore, it was assumed that the temperature would affect teat skin data 

only to a small degree.  
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The data was analysed by stage of lactation, according to the measurement scheme 

(3.1.1), but only a sub-set of cows was included. Cows were chosen, that had calved 

within a period of 24 days, in order to minimise not only temperature but also time 

effects. Therefore, only ten cows were included in the analysis. 

 

The teat skin data of these ten cows is summarised in the following tables, grouped 

by measurement, location and treatment.  

 

An analysis of variance with repeated measurements was performed with the data of 

these cows, to test for effects of the two different pulsation modes on teat skin 

parameters, moisture and pH. This analysis was done only for cows with four healthy 

quarters. Therefore, the data of the M3 measurements of one cow was excluded 

from the analysis. The results of this analysis can also be found in the subsequent 

tables. 
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Tab. 65: Mean and standard deviation of teat skin moisture, for cows treated 
with two different pulsation modes, for an entire lactation (data for sub-set of 
10 cows) (Trial 6) 

Location Barrel Tip 
Treatment Fast Slow Fast Slow 

Stage of lac. x  sd x  sd x  sd x  sd 

W1 54.1 26.9 36.8 23.1 48.0 20.9 34.8 18.3 

W2 36.2 15.0 33.9 18.4 32.4 11.3 39.4 29.6 

W3 28.1 10.5 31.5 18.1 35.6 18.0 23.5 13.5 

W4 58.2 17.8 61.3 23.2 50.8 19.8 58.0 21.8 

W5 50.1 19.6 54.0 21.8 55.5 15.7 43.7 22.9 

W6 72.3 20.0 60.6 24.6 59.1 25.3 65.4 13.0 

W7 38.8 15.3 47.2 15.3 41.9 17.8 38.8 14.7 

W8 45.6 16.2 71.1 22.5 42.3 14.6 52.6 23.5 

M1 52.3 26.6 47.1 21.9 41.8 16.2 59.6 29.0 

M2 53.8 13.5 70.3 16.8 56.8 18.8 69.8 24.6 

M3 61.8 10.3 57.9 21.1 68.9 15.0 52.9 21.5 

M4 51.4 7.2 53.3 10.1 58.1 18.3 50.9 15.9 

M5 67.2 15.5 61.3 22.1 67.0 19.7 68.3 13.5 

P1 54.4 15.9 66.2 20.7 55.9 17.8 56.1 23.5 

P2 52.8 11.4 66.5 22.0 44.8 7.5 61.8 25.8 

P3 31.5 3.1 34.3 6.1 37.5 3.7 34.0 5.8 

D1 42.8 20.3 45.1 26.2 37.9 11.1 51.7 21.8 

D2 47.4 20.0 35.9 13.1 51.3 26.2 41.1 17.7 

D3 35.0 17.4 30.7 14.4 37.3 19.8 36.6 12.3 

Total 48.8 19.5 50.4 23.0 48.4 19.9 48.8 22.9 

P-values NS NS 
* P RTS�U�S�V�WYX
X[Z\R]S�U�S�^�W_X
X�X`Z\R]S�U�S�S�^�W�a�b�c�d�e�fhg�i j�d�i kli m�n�d	floqprd�n�s tug�i gve�k�w�n�x&i n�d�m�y{z|i f&}~x�y���y�n�f�y��
measurements 
 

Tables 65 and 66 demonstrate that no effect of the pulsation treatment on teat skin 

moisture or pH was found. 

 

In order to complete the analysis, other factors that could influence teat skin 

parameters required examination. The influence of ‘stage of lactation’ and the 

influence of ‘cow’ on teat skin moisture and pH were tested with an analysis of 

variance with repeated measurements. The results of this analysis are given in 

Tables 67 and 68. 
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Tab. 66: Mean and standard deviation of teat skin pH, for cows treated with two 
different pulsation modes, for an entire lactation (data for sub-set of 10 cows) 
(Trial 6)  

Location Barrel Tip 
Treatment Fast Slow Fast Slow 

Stage of lac. x  sd x  sd x  sd x  sd 

W1 7.12 0.60 7.17 0.54 6.87 0.52 6.92 0.61 

W2 7.01 0.50 6.95 0.25 6.86 0.42 6.90 0.32 

W3 6.75 0.28 6.86 0.31 6.55 0.35 6.72 0.20 

W4 6.43 0.30 6.14 0.35 6.36 0.32 6.07 0.31 

W5 6.67 0.58 6.59 0.58 6.82 0.50 6.57 0.56 

W6 6.20 0.31 6.40 0.46 6.17 0.32 6.42 0.46 

W7 6.33 0.57 6.51 0.47 6.52 0.63 6.79 0.58 

W8 7.06 0.48 7.33 0.40 7.10 0.63 7.21 0.32 

M1 6.28 0.15 6.34 0.69 6.30 0.15 6.28 0.64 

M2 6.83 0.61 6.59 0.53 6.87 0.60 6.78 0.72 

M3 6.55 0.50 6.30 0.37 6.50 0.51 6.16 0.28 

M4 6.30 0.69 6.60 0.32 6.17 0.41 6.47 0.32 

M5 6.48 0.58 6.53 0.55 6.29 0.49 6.34 0.53 

P1 6.11 0.30 6.10 0.34 6.10 0.31 6.02 0.31 

P2 6.13 0.17 5.83 0.13 6.25 0.13 5.73 0.05 

P3 6.30 0.23 6.20 0.29 6.23 0.28 6.13 0.21 

D1 6.85 0.27 6.88 0.29 6.68 0.31 6.80 0.25 

D2 6.68 0.23 6.53 0.20 6.65 0.44 6.50 0.17 

D3 6.54 0.40 6.46 0.20 6.43 0.41 6.42 0.28 

Total 6.59 0.53 6.58 0.53 6.54 0.52 6.53 0.53 

P-values NS NS 
* P �T���������Y�
�[�\�]���������_�
���`�\�]�����������������������h��� ����� �l� �����	�l�q�r����� �u��� �v���������&� �������{�|� �& ~����¡���������¢
measurements 
 

Tab. 67: Results of analysis of variance testing for influence of ‘stage of 
lactation’ on teat skin moisture and pH (Trial 6) 

Parameter Factor Barrel Tip 
Stage of lactation *** *** Moisture 

Stage of lactation x Treatment NS NS 

Stage of lactation *** *** 
pH 

Stage of lactation x Treatment NS NS 
* P �T���������Y�
�[�\�]���������_�
���`�\�]�����������������������h��� ����� �l� �����	�l�q�r����� �u��� �v���������&� �������{�|� �& ~����¡���������¢
measurements 
 

An influence of ‘stage of lactation’ on teat skin moisture and pH was found for both 

locations. However, no interaction between ‘stage of lactation’ and ‘treatment’ was 

noticed.  
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Tab. 68: Results of analysis of variance testing for influence of ‘cow’ on teat 
skin moisture and pH, separately for each treatment group and location on teat 
(Trial 6) 

Fast Slow 
Parameter Factor 

Barrel Tip Barrel Tip 
Cow NS * NS NS 

Stage of lactation * *** * *** Moisture 
Stage of lactation x Cow NS *** NS *** 

Cow NS NS NS NS 
Stage of lactation *** *** *** *** pH 

Stage of lactation x Cow *** *** * * 
* P £T¤�¥�¤�¦�§Y¨
¨[©\£]¤�¥�¤�ª�§_¨
¨�¨`©\£]¤�¥�¤�¤�ª�§�«�¬��®�¯�°h±�² ³�®�² ´l² µ�¶�®	°l·q¸r®�¶�¹ ºu±�² ±v¯�´�»�¶�¼&² ¶�®�µ�½{¾|² °&¿~¼�½�À�½�¶�°�½�Á
measurements 
 

The analysis of variance testing for ‘cow’ influences did not show significant influence 

of this factor on teat skin parameters. Yet, a significant influence of ‘stage of lactation’ 

on moisture and pH in both treatment groups and on both locations was discovered. 

A significant interaction was also found between ‘stage of lactation’ and ‘cow’ for both 

teat skin parameters, for both treatments and on both locations on teats. 

 

4.3.3.1.1 Influence of quarter health status on teat skin parameters for cows 

treated with two different pulsation modes  

When quarter foremilk data (SCC and bacterial status) was available, the data of 

these cows was included in the subsequent analysis. Each quarter sample was 

coded according to Table 38. The data of these quarters is summarised in the next 

two tables. An analysis of variance was performed, to test for influences of quarter 

health status on teat skin moisture and pH. The analysis was performed separately 

for each treatment and location on teat. The results of the analysis of variance can be 

found in the following two tables, too. 
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Tab. 69: Mean teat skin moisture by quarter health status groups (Trial 6) 
Pulsation treatment 

Fast Slow 
Barrel Tip Barrel Tip 

Quarter 
health 
status n 

(quarters) x sd x sd 

n 
(quarters) x sd x sd 

1 61 60.4 30.4 66.2 30.6 54 53.4 23.3 52.2 26.1 

3 7 36.7 15.4 37.9 10.2 8 65.6 30.2 62.1 33.5 

4§ 7 50.2 23.6 60.1 25.4 0 - - - - 
P-value  NS NS  NS NS 

1 = normal secretion, 3 = unspecific mastitis, 4 = mastitis 
* P Â�Ã�Ä Ã�Å�Æ	Ç
Ç�ÈÂ�Ã�Ä Ã�É�Æ	Ç
Ç�Ç�È�Â�Ã�Ä�Ã�Ã�É�Æ�Ê�Ë�Ì�Í�Î�Ï"Ð�Ñ Ò�Í�Ñ Ó&Ñ Ô	Õ�Í	Ï&Öu×rÍ�Õ�Ø ÙuÐ�Ñ Ð_Î�Ó�Ú�Õ�ÛlÑ Õ�Í�Ô	Ü  
§ Compare Tables 71 and 72 
 

Tab. 70: Mean teat skin pH by quarter health status groups (Trial 6) 
Pulsation treatment 

Fast Slow 
Barrel Tip Barrel Tip 

Quarter 
health 
status n 

(quarters) x sd x sd 

n 
(quarters) x sd x sd 

1 61 6.59 0.53 6.44 0.47 54 6.62 0.56 6.50 0.48 

3 7 6.41 0.62 6.40 0.47 8 6.31 0.47 6.20 0.24 

4§ 7 6.55 0.22 6.57 0.15 0 - - - - 

P-value  NS NS  NS NS 
1 = normal secretion, 3 = unspecific mastitis, 4 = mastitis 
* P Â�Ã�Ä Ã�Å�Æ	Ç
Ç�ÈÂ�Ã�Ä Ã�É�Æ	Ç
Ç�Ç�È�Â�Ã�Ä�Ã�Ã�É�Æ�Ê�Ë�Ì�Í�Î�Ï"Ð�Ñ Ò�Í�Ñ Ó&Ñ Ô	Õ�Í	Ï&Öu×rÍ�Õ�Ø ÙuÐ�Ñ Ð_Î�Ó�Ú�Õ�ÛlÑ Õ�Í�Ô	Ü  
§ Compare Tables 71 and 72 

 

In this trial, the quarter health status had no significant influence on teat skin moisture 

or pH, regardless of the treatment or the measurement location on the teat. 

 

To obtain a better impression of teat skin parameters of quarters with mastitis, the 

original teat skin data of these individuals and quarters is exhibited in the next tables. 
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Tab. 71: Original teat skin moisture data of cows with quarter health code ‘4’ 
(treatment ‘fast’) 

Quarter with 
Normal secretion (1) Mastitis (4) Cow Stage of 

lactation Quarter 
Barrel Tip Barrel Tip 

LB 69 70   
M4 

RB   57 68 
LB 31 57   

545 
P3 

RB   37 46 

LB   74 83 
W5 

RB 94 67   
LB   36 28 

W6 
RB 47 56   
LB 31 49   

W7 
RB   20 30 
LB   35 76 

M2 
RB 133* 126*   
LB   79 90 

564 

P1 
RB 75 68   

Total 68.6 70.4 48.3 60.1 
Total, * excluded 57.8 61.2   

* Teat contaminated, data excluded from analysis above, yet included in the first total here 

 

Tab. 72: Original teat skin pH data of cows with quarter health code ‘4’ 
(treatment ‘fast’) 

Quarter with 
Normal secretion (1) Mastitis (4) Cow Stage of 

lactation Quarter 
Barrel Tip Barrel Tip 

LB 6.10 5.60   
M4 

RB   7.00 6.60 
LB 6.20 6.20   

545 
P3 

RB   7.10 6.70 

LB   6.50 6.40 
W5 

RB 7.10 6.40   
LB   6.50 6.80 

W6 
RB 6.30 6.40   
LB 6.40 6.50   

W7 
RB   6.40 6.50 
LB   6.50 6.60 

M2 
RB 6.20 6.50   
LB   6.40 6.40 

564 

P1 
RB 6.60 6.20   

Total 6.41 6.26 6.63 6.57 
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4.3.3.2 Effect on teat skin flora 

Teat rinsing samples were taken of 14 cows on nine occasions. 496 rinsing samples 

were analysed and 2,398 isolates counted. 

 

The data of M2 to M 5 and D 2 was included in the next analysis. The rest had to be 

excluded due to skewed data. For statistics, bacteria counts were analysed using a 

chi-squared analysis on the number of teats colonised with each isolate, and testing 

the treatment influence separately, for each stage of lactation. 

 

Pseudomonas spp. was counted as Gram-negative rods, corynebacteria were 

counted as Gram-positive rods, and yeasts and Gram-negative coccibacilli were 

grouped into miscellaneous. The distribution of bacteria on teat skin treated with 

different pulsation modes is shown in the following table. 
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Tab. 73: Teats colonised with each genus of bacteria per treatment, for one 
lactation, 28 quarters per treatment possible 

Treatment fast 
Stage of lac. W5 W6 W7 W8 M1 M2 M3 M4 M5 P1 P2 P3 D1 D2 D3 

n (quarters) 4 4 8 8 20 28 28 28 28 8 20 24 8 24 8 

Bacilli 4 4 8 8 18 23 28 28 26 8 20 24 8 24 7 
Micrococci 3 4 7 5 8 14 2 8 18 1 2 1 0 0 0 

CNS 4 0 4 5 12 16 22 25 19 8 20 23 8 21 7 

Streptococci 3 3 6 5 3 10 15 6 0 6 7 6 8 5 6 

Corynebacteria 2 0 0 0 4 1 0 2 0 0 0 0 1 1 0 

Gram-pos. Rods 1 2 0 2 5 4 0 0 1 0 1 0 1 0 0 

Gram-neg. Rods 1 2 8 6 9 21 25 20 22 5 12 8 8 7 4 

Pseudomonas spp. 0 0 2 0 2 1 0 5 2 0 0 0 0 1 0 
Gram-neg. 
Coccibacilli 0 0 2 0 3 0 1 1 3 1 3 0 0 4 0 

Yeast 0 0 0 0 2 0 7 0 0 0 0 0 0 0 0 

Miscellaneous 0 1 3 1 2 3 0 0 5 0 0 0 0 0 0 

Treatment slow 
Stage of lac. W5 W6 W7 W8 M1 M2 M3 M4 M5 P1 P2 P3 D1 D2 D3 

n (quarters) 8 4 4 8 20 24 28 28 24 20 12 12 12 24 20 

Bacilli 8 4 4 7 19 21 25 24 24 20 12 12 12 23 18 

Micrococci 6 0 4 5 17 9 5 8 9 6 5 0 1 1 3 

CNS 2 2 0 4 10 14 23 24 17 17 11 12 12 22 14 

Streptococci 5 0 2 3 8 6 12 7 6 2 9 6 9 20 5 

Corynebacteria 3 0 1 0 7 7 4 0 0 0 0 1 5 0 0 

Gram-pos. Rods 2 0 2 0 3 4 5 0 0 1 0 0 0 1 0 

Gram-neg. Rods 0 0 1 0 11 15 22 24 16 10 8 10 12 19 4 

Pseudomonas spp. 0 0 0 1 1 1 1 3 1 0 1 1 0 0 0 
Gram-neg. 
Coccibacilli 2 0 0 5 4 1 1 3 2 0 5 1 0 4 3 

Yeast 0 0 1 0 3 0 2 2 0 0 0 0 0 0 0 

Miscellaneous 0 0 0 1 1 3 0 4 4 2 2 0 0 0 0 

 

The results of the chi-squared test are demonstrated in the following table. 

 

Tab. 74: Results of chi-squared test, for treatment influence on number of 
teats, colonised with each genus of bacteria (Trial 6) 

Stage of lac. M2 M3 M4 M5 D2 
P-value * *** NS * * 

* P Ý�Þ�ß Þ�à�á	â
â�ãÝ�Þ�ß Þ�ä�á	â
â�â�ã�Ý�Þ�ß�Þ�Þ�ä�á�å�æ�ç�è�é�ê"ë�ì í�è�ì î&ì ï	ð�è	ê&ñóòqô�ì -squared analysis 

 

The chi-squared test was executed on the number of teats colonised with bacteria of 

the same group, comparing the two treatment groups.  
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The comparisons of M2, M5 and D2 showed significant differences, the M4 

comparison was not significant, whilst the M3 comparison was highly. Despite 

significant results, no clear pattern or bacteria distribution was observable. The two 

treatment groups showed variable results during the lactation. 

 

4.3.3.3  Effect on teat tissue 

The parameters, change of teat thickness and change of teat length (3.2.2) were 

determined from ten identical twin sets during Trial 6. It will be demonstrated that the 

parameter teat thickness change was affected by time effects, therefore the same 

sub-set of cows as in 4.3.3.1 was analysed here. 

 

The teat thickness data is summarised in Table 76, including the data for milk yield 

and cups-on-time. Table 75 exhibits separately the average teat length before 

milking, for cows treated with the two different pulsation modes. 

 

Tab. 75: Mean teat length (cm) before milking of cows milked with two different 
pulsation modes 
Treatment Teat 

position W1 W2 W3 W4 W5 W6 W7 W8 M1 M2 M3 M4 M5 P1 P2 P3 

Front 4.3 4.7 4.2 4.4 4.4 4.4 4.4 4.3 4.6 4.7 4.9 4.8 4.6 4.3 4.4 4.5 
Fast 

Back 3.3 3.6 3.6 3.4 3.6 3.6 3.7 3.7 3.8 4.0 4.2 4.1 4. 4.1 4.0 3.9 

Front 4.9 4.4 4.5 4.5 5.1 4.5 4.3 4.3 4.6 4.7 4.6 4.7 4.7 5.0 4.5 4.8 
Slow 

Back 4.1 3.5 3.6 3.8 4.8 3.6 3.6 3.7 3.8 4.1 4.1 4.3 4.1 3.9 4.1 4.4 

 

The change of teat length was not included in the subsequent examinations, because 

the variation of the data was beyond the acceptable range, due to the measurement 

method.  
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Tab. 76: Milk yield (kg) and cups-on-time (min) of cows milked with two 
different pulsation modes compared with teat thickness (% change) (sub-set of 
cows) 
Treat- 
ment Parameter W1 W2 W3 W4 W5 W6 W7 W8 M1 M2 M3 M4 M5 P1 P2 P3 

Thickness 
(% change) 5.9 4.4 6.3 1.6 5.2 11.5 11.7 6.8 7.6 3.3 1.1 1.2 -0.6 2.2 7.0 -0.6 

Milk yield 
(kg) 11.2 12.8 13.3 13.1 12.9 14.1 15.0 14.4 10.8 11.2 10.4 8.2 9.0 6.9 7.6 7.6 

Cups-on-
time (min) 5.0 5.1 5.2 5.0 4.8 5.3 5.5 4.8 4.9 4.6 4.4 4.0 4.1 4.2 3.5 3.4 

Fast 

Milking rate 
(kg/min) 2.24 2.51 2.56 2.62 2.66 2.73 3.00 2.20 2.43 2.36 2.05 2.20 1.64 2.17 2.24 2.24 

Thickness 
(%change) 2.3 0.4 1.1 -3.1 -1.5 -0.1 -0.8 0.1 -4.3 -6.6 -2.2 -1.3 -6.9 -5.2 -7.7 1.9 

Milk yield 
(kg) 10.8 12.0 11.9 12.9 12.0 13.2 13.9 13.8 11.5 10.8 10.4 8.5 9.1 7.8 6.7 5.8 

Cups-on-
time (min) 4.7 5.6 5.8 6.6 6.3 6.6 6.9 6.9 5.6 5.5 5.7 4.8 4.6 4.9 5.4 5.1 

Slow 

Milking rate 
(kg/min) 2.30 2.14 2.05 1.95 2.00 2.01 2.00 2.05 1.96 1.82 1.77 1.98 1.59 1.24 1.14 2.30 
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Fig. 25: Mean teat thickness change (%) during a lactation, ten cows treated 
with two different pulsation modes 
 

The figure above demonstrates the percentage of teat thickness changes, comparing 

the two different treatment groups. Overall, the teat thickness changes decreased 

through the lactation period in both treatment groups.  
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Cows treated with the ‘slow’ pulsation mode experienced a change of teat thickness 

of two to eight per cent, whereas cows in the ‘fast’ treatment group faced a teat 

thickness change of five to 12 per cent at the beginning of the season. During the 

rest of the season, the teat thickness change decreased, but hardly fell below zero 

per cent. 

 

With an analysis of variance with repeated measurement, the influence of treatment 

(pulsation) on teat thickness change was tested and the results are shown in the 

following table. Because a time effect was discovered in this analysis, the test was 

performed for the same sub-set of cows as in 4.3.3.1. 

 

Tab. 77: Results of analysis of variance with repeated measurements, testing 
for influence of ’treatment’ and ‘stage of lactation’ on teat thickness change  

Factor P-value 
Treatment *** 
Stage of lactation  *** 
Stage of lactation x Treatment NS 

* P õTö�÷�ö�ø�ùYú
ú[û\õ]ö�÷�ö�ü�ù_ú
ú�ú`û\õ]ö�÷�ö�ö�ü�ù�ý�þ�ÿ���� ����� 	 � � 
�� �� � ����� � �� ����� � � 
�������  � ������� ��� �!��"��#��$�#%
measurements 
 

The analysis of variance showed significant differences between the treatment 

groups for the parameter teat thickness change. An influence of ‘stage of lactation’ 

on the parameters was found, yet no interaction between ‘stage of lactation’ and 

‘treatment’. 

 

The data in Table 76 suggested a relationship of teat thickness change with milk 

yield or cups-on-time. Therefore, the data is illustrated in the next two figures. 
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Fig. 26: Mean teat thickness change (%), milk yield (kg) and cups-on-time (min) 
during a lactation, cows treated with pulsation mode ‘fast’ (sub-set of cows) 
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Fig. 27: Mean teat thickness change (%), milk yield (kg) and cups-on-time (min) 
during a lactation, cows treated with pulsation mode ‘slow’ (sub-set of cows) 
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A correlation of milk yield and cups-on-time with the change of teat thickness was 

performed and the results are exhibited in the next table. 

 

Tab. 78: Correlation of milk yield (kg) and cups-on-time (min) with the teat 
thickness change (%)  

Fast Slow 
 Cups-on-time 

(min) Milk yield (kg) Cups-on-time 
(min) Milk yield (kg) 

% Change 
thickness -0.055 (NS) 0.247 (***) -0.037 (NS) 0.096 (NS) 

* P &�'�( '�)�*,+-+/.0&�'�( '213*,+-+4+/.5&�'�(6'�'71�*�8:9<;�=�>�?A@�B C�=�B D�B E,F�=,?�*HG/>�I�I!J�K F�?�B >�=  
 

The milk yield and the teat thickness change were significantly correlated with each 

other for the treatment group ‘fast’. For the slow treatment, no correlation was found. 

Therefore, it could be concluded that the teat thickness change was influenced by the 

milk yield to a certain degree. 

 

4.3.3.3.1 Influence of quarter health status on teat thickness change for cows 

treated with two different pulsation modes 

Throughout the lactation period, quarter foremilk samples were taken three times 

from all 20 cows. Additional samples were taken when a quarter was showing signs 

of mastitis, so 290 samples were analysed cytobacteriologically in total. 239 of these 

quarter samples presented normal secretion, 30 samples unspecific mastitis and 14 

quarters mastitis (Table 79). Seven samples could not be categorised. 

 

An analysis of variance was performed to test for influences of quarter health status 

on teat thickness changes. The analysis was performed separately for each 

treatment.  

 

The mean and standard deviation of teat thickness changes for the two treatment 

groups and different health status groups are summarised in the table below. The 

results of the analysis of variance can also be found there. There was no significant 

influence of quarter health on the teat thickness change in either treatment group. 
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Tab. 79: Mean teat thickness change by quarter health status (Trial 6) 
Pulsation treatment 

Fast Slow Quarter health 
status n 

(quarters) x sd n 
(quarters) x sd 

1 130 1.37 10.06 109 -0.51 9.10 

3 15 0.33 7.78 15 -1.31 18.11 

4 14 0.47 8.53 0 - - 
P-value  NS  NS 

* P L�M�N M�O�P,Q-Q/R0L�M�N M2S3P,Q-Q4Q/R5L�M�N6M�M7S�P�T:U<V�W�X�YAZ�[ \�W�[ ]�[ ^,_�W,Y�`�abW�_�c d�Z�[ ZeX�]�f�_�g�[ _�W�^,h  
 

4.3.4 Correlation of udder health with teat skin parameters 

On four German farms, teat skin moisture, pH and udder health data (microbiological 

status and SCC of quarter foremilk samples) were obtained. The following tables 

summarise the mean and standard deviation of moisture and pH measurements per 

teat. 

 

Tab. 80: Teat skin moisture, obtained on four German farms1 (Trial 8) 
Quarter 

 
LF RF LB RB 

Farm n (cows) x sd x sd x sd x sd 

R 44 49.0 12.1 49.7 12.9 50.1 13.7 48.6 14.3 

W 60 47.9 15.5 49.9 16.1 45.0 16.8 46.6 17.6 

S 16 53.2 12.3 48.5 15.3 51.2 11.5 51.7 17.6 

K1 51 42.0 13.1 44.2 11.8 43.2 12.6 41.1 11.6 

K2 31 43.7 6.1 46.8 8.5 46.8 8.6 45.2 7.3 

Total 202 47.2 11.8 47.8 12.9 47.3 12.6 46.6 13.7 

          

R repeated 42 45.8 6.8 38.1 5.3 45.5 7.4 43.2 6.3 

K repeated 9 52.1 7.0 47.8 7.6 48.4 12.0 53.2 9.0 

          

Total 
repeated 51 49.0 6.9 43.0 6.5 47.0 9.7 48.2 7.7 

          

Total 253 46.7 14.3 45.8 13.3 45.9 14.7 46.8 13.6 

1 Cows sampled once separated from cows sampled twice 
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Tab. 81: Teat skin pH, obtained on four German farms1 (Trial 8) 
Quarter 

 
LF RF LB RB 

Farm n (cows) x sd x sd x sd x sd 

R 44 7.14 0.36 7.14 0.38 7.06 0.34 7.06 0.30 

W 60 7.30 0.44 7.24 0.37 7.20 0.43 7.28 0.40 

S 16 7.48 0.43 7.40 0.44 7.29 0.51 7.50 0.37 

K1 51 7.26 0.26 7.21 0.21 7.38 0.21 7.24 0.19 

K2 31 7.12 0.42 7.35 0.38 7.05 0.28 7.23 0.24 

Total 202 7.26 0.38 7.27 0.26 7.19 0.36 7.26 0.30 

          

R repeated 42 7.44 0.51 7.29 0.42 7.33 0.51 7.27 0.47 

K repeated 9 7.21 0.30 7.28 0.23 7.40 0.20 7.34 0.18 

 

Total 
repeated 51 7.33 0.40 7.29 0.32 7.37 0.36 7.30 0.32 

          

Total 253 7.28 0.39 7.27 0.35 7.24 0.36 7.27 0.31 

1 Cows sampled once separated from cows sampled twice 

 

The results of the microbiological analysis are given in the following table in per cent 

of the number of quarters sampled. 

 

Tab. 82: Quarter bacterial results of four different German farms, in per cent of 
quarters sampled (Trial 8) 

% Isolates 
Farm 

n 
(quar-
ters) 

% 
Negative CNS S. 

aureus 
Sc. 

agalac. 
Sc. 

dysgalac. 
Sc. 

uberis 
Other 
Sc. 

Micro-
cocci Others Conta-

minated 
R 176 63.6 10.2 14.8 0.0 0.6 0.0 5.2 1.1 1.1 3.4 
W 240 77.5 1.7 3.3 11.7 1.3 0.0 2.9 0.0 0.0 1.6 
S 64 81.2 0.0 1.6 0.0 1.6 0.0 3.1 1.6 0.0 10.9 
K1 204 74.5 14.2 4.4 0.0 1.5 0.0 4.9 0.0 0.0 0.5 
K2 124 75.8 8.1 4.8 0.0 0.0 1.6 8.1 0.0 0.0 1.6 

 

Due to the sampling scheme, this data did not show the real microbiological status of 

the herds, but it demonstrated the status of the cows sampled during the trial. 

 

Before the correlation of teat skin data with quarter health could be performed, the 

influence of factors that possibly affect the teat skin parameters were investigated. 
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Using the T-test for paired measurements, differences between the measurement 

locations barrel and tip were investigated, separate for cows with SCC of less than 

100,000 per ml in quarter foremilk samples and normal secretion, and for cows with 

SCC of more than 100,000 per ml milk in all quarter foremilk samples. The following 

tables demonstrate the comparison of teat skin moisture or pH for barrel and tip; the 

data was summarised for front and back quarters.  

 

Tab. 83: Comparison of locations on teat skin, for moisture and pH, cows with 
all quarters SCC < 100,000 and diagnosis = 1 (Trial 8) 

Front teats Back teats 
 

x sd P-value x sd P-value 
Barrel 49.8 18.6 49.9 18.8 

Moisture  
Tip 45.3 16.9 

*** 
45.2 14.2 

*** 

Barrel 7.25 0.57 7.17 0.52 
pH 

Tip 7.35 0.52 
* 

7.26 0.48 
** 

* P i�j�k j�l�m,n-n/o0i�j�k j2p3m,n-n4n/o5i�j�k6j 01; NS: not significant; T-test for paired measurements 

 

Tab. 84: Comparison of locations on teat skin, for moisture and pH, cows with 
all quarters SCC > 100,000 (Trial 8)  

Front teats Back teats 
 

x sd P-value x sd P-value 
Barrel 46.2 13.7 41.0 14.1 

Moisture 
Tip  46.3 16.4 

NS 
45.0 13.8 

** 

Barrel  7.34 0.47 7.31 0.44 
pH 

Tip 7.15 0.41 
*** 

7.18 0.42 
* 

* P i�j�k j�l�m,n-n/o0i�j�k j2p3m,n-n4n/o5i�j�k6j�j7p�m�q:r<s�t�u�vAw�x y�t�x z�x {,|�t,v�m,} -test for paired measurements 

 

The measurement location on teat had a significant influence on teat skin moisture 

and pH. Therefore, further analysis had to be done separately for the two locations. 

In both groups of cows, moisture values for front and back teats were approximately 

the same. Significant differences were found between teat tip and barrel for moisture 

and pH. 

 

To investigate, if an influence of ‘farm’ on teat skin parameters existed, an analysis of 

variance was performed, with quarters as repeated measurements.  
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Farms K2 and R2 were excluded from the analysis and only cows with SCC of less 

than 100,000 per ml milk and normal secretion were included. 

 

Tab. 85: Influence of ‘farm’ on teat skin moisture (Trial 8) 
Barrel Tip 

Farm n 
(Cows) LF RF LB RB LF RF LB RB 

R1 16 46.8 53.1 49.8 41.6 56.2 52.0 54.9 49.6 
K1 21 37.5 44.9 41.0 41.6 41.6 47.4 45.6 46.4 
W 9 44.0 49.4 37.6 44.0 50.9 59.0 45.4 60.6 
S 8 65.0 58.0 51.0 73.0 73.0 34.0 70.0 63.0 

P-value  * NS NS * * NS NS NS 
* P ~����6�������-����~����6�7�3�e�-�4����~����6���7�3���:�<����������� ����� ��� �����,�����b����� ����� ������������� ����������� ��  �!��¡��#���$�#¢
measurement 
 

Tab. 86: Influence of ‘farm’ on teat skin pH (Trial 8) 
Barrel Tip 

Farm n 
(cows) LF RF LB RB LF RF LB RB 

R1 16 7.23 7.16 7.15 7.30 7.17 7.24 6.98 7.10 
K1 21 7.36 7.08 7.49 7.12 7.20 7.08 7.32 7.13 
W 9 7.68 7.31 7.18 7.30 7.46 7.23 7.05 7.18 
S 8 7.35 7.30 7.80 6.95 7.20 7.30 7.90 7.60 

P-value  NS NS * NS NS NS NS NS 
* P ~����6�������-����~����6�7�3�e�-�4����~����6���7�3���:�<����������� ����� ��� �����,�����b����� ����� ������������� � nce with repeated 
measurement 
 

Because it could not be concluded that the farm had no effect on teat skin moisture 

and pH, the following analyses were done for each farm separately. To investigate 

the influence of individual cows on teat skin parameters, an analysis of variance was 

performed, for cows with SCC of less than 100,000 per ml milk and normal secretion. 

 

Tab. 87: Influence of ‘cow’ on teat skin moisture (Trial 8) 
Barrel Tip Farm n (cows) 

x (P-value) sd x (P-value) sd 

R1 16 50.9 ** 10.4 52.6 * 9.1 

R2 9 41.6 * 11.2 43.9 NS 10.7 

K1 21 43.1 *** 11.2 45.0 NS 12.3 

K2 12 41.6 *** 10.8 42.5 *** 10.2 

W 9 48.1 NS 16.5 51.0 NS 16.7 

S 8 51.6 * 13.2 52.3 NS 15.7 

* P ~���� �����,�-�/�0~���� �2�3�,�-�4�/�5~����6���7�����:�<�������A��� ����� ��� �,���,�����b����� ����� �e����������� �����,�  
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Tab. 88: Influence of ‘cow’ on teat skin pH (Trial 8) 
Barrel Tip 

Farm n (cows) 
x (P-value) sd x (P-value) sd  

R1 16 7.16 *** 0.24 7.14 ** 0.24 

R2 9 7.18 ** 0.32 7.14 NS 0.38 

K1 21 7.23 *** 0.33 7.18 *** 0.28 

K2 12 6.93 ** 0.42 6.80 NS 0.42 

W 9 7.22 *** 0.31 7.16 ** 0.32 

S 8 7.51 NS 0.33 7.54 NS 0.28 

* P £�¤�¥ ¤�¦�§,¨-¨/©0£�¤�¥ ¤2ª3§,¨-¨4¨/©5£�¤�¥6¤�¤7ª�§�«:¬<�®�¯�°A±�² ³�®�² ´�² µ,¶�®,°�§�·b®�¶�¸ ¹�±�² ±e¯�´�º�¶�»�² ¶�®�µ,¼  
 

The majority of results showed significant differences for cows in moisture and pH 

data. The individual cow influenced the teat skin moisture and pH in this trial. 

Nevertheless, the following analysis was done as an average of all cows on farm, 

because analysing data on a cow level would not have resulted in statistically 

sensible results.  

 

The next two tables summarise moisture and pH data for cows with mastitis on all 

four quarters. Although the numbers were small, an analysis of variance was 

performed, to test for the influence of the individual cow on teat skin moisture and 

pH. 
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Tab. 88 a: Influence of ‘cow’ on teat skin moisture, cows with 4 quarters with 
diagnosis = 4 (Trial 8) 

Barrel Tip Farm n (cows) 
x (P-value) sd x (P-value) sd 

R1 2 37.8 *** 1.6 46.7 NS 7.4 

R2 4 39.8 ** 7.4 41.5 NS 10.9 

K1 6 42.6 NS 16.4 48.9 *** 7.0 

K2 7 40.4 NS 7.4 43.8 ** 13.4 

W 9 49.1 * 11.8 43.67 * 13.9 

S 3 49.5 NS 13.1 51.2 * 12.3 

* P ½�¾�¿ ¾�À�Á,Â-Â/Ã0½�¾�¿ ¾2Ä3Á,Â-Â4Â/Ã5½�¾�¿6¾�¾7Ä�Á�Å:Æ<Ç�È�É�ÊAË�Ì Í�È�Ì Î�Ì Ï,Ð�È,Ê�Á�ÑbÈ�Ð�Ò Ó�Ë�Ì ËeÉ�Î�Ô�Ð�Õ�Ì Ð�È�Ï,Ö  
 
Tab. 88 b: Influence of ‘cow’ on teat skin pH, cows with 4 quarters with 
diagnosis = 4 (Trial 8) 

Barrel Tip 
Farm n (cows) 

x (P-value) sd x (P-value) sd 

R1 2 7.31 NS 0.30 7.18 NS 0.25 

R2 4 7.43 NS 0.33 7.25 NS 0.40 

K1 6 7.40 NS 0.36 7.29 NS 0.34 

K2 7 7.37 NS 0.40 6.92 * 0.35 

W 9 7.40 NS 0.31 7.24 ** 0.20 

S 3 7.11 NS 0.60 7.26 NS 0.41 

* P ½�¾�¿ ¾�À�Á,Â-Â/Ã0½�¾�¿ ¾2Ä3Á,Â-Â4Â/Ã5½�¾�¿6¾�¾7Ä�Á�Å:Æ<Ç�È�É�ÊAË�Ì Í�È�Ì Î�Ì Ï,Ð�È,Ê�Á�ÑbÈ�Ð�Ò Ó�Ë�Ì ËeÉ�Î�Ô�Ð�Õ�Ì Ð�È�Ï,Ö  
 

The influence of the teat position was investigated next, using an analysis of variance 

and cows with quarter SCC level smaller than 100,000 per ml milk and normal 

secretion. 

 

Tab. 89: Influence of ‘teat position’ on teat skin moisture, tip of teat (Trial 8) 
x moisture 

Farm n (cows) 
LF RF LB RB 

P-value 

R1 16 56.5 51.8 54.9 49.3 NS 
R2 9 50.0 35.3 45.0 46.7 NS 
K1 21 41.2 46.4 45.6 46.5 NS 
K2 12 36.9 46.5 39.9 45.3 NS 
W 9 43.4 56.1 45.4 57.4 NS 
S 8 64.0 46.3 60.6 40.3 NS 

* P ½�¾�¿ ¾�À�Á,Â-Â/Ã0½�¾�¿ ¾2Ä3Á,Â-Â4Â/Ã5½�¾�¿6¾�¾7Ä�Á�Å:Æ<Ç�È�É�ÊAË�Ì Í�È�Ì Î�Ì Ï,Ð�È,Ê�Á�ÑbÈ�Ð�Ò Ó�Ë�Ì ËeÉ�Î�Ô�Ð�Õ�Ì Ð�È�Ï,Ö  
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Tab. 90: Influence of ‘teat position’ on teat skin pH, tip of teat (Trial 8) 
x pH 

Farm n (cows) 
LF RF LB RB 

P-value 

R1 16 7.20 7.24 6.99 7.12 NS 
R2 9 7.10 7.20 7.38 6.96 NS 
K1 21 7.19 7.09 7.32 7.13 NS 
K2 12 6.54 7.05 6.68 6.86 NS 
W 9 7.27 7.18 7.05 7.17 NS 
S 8 7.48 7.50 7.68 7.51 NS 

* P ×�Ø�Ù Ø�Ú�Û,Ü-Ü/Ý0×�Ø�Ù Ø2Þ3Û,Ü-Ü4Ü/Ý5×�Ø�Ù6Ø�Ø7Þ�Û�ß:à<á�â�ã�äAå�æ ç�â�æ è�æ é,ê�â,ä�Û�ëbâ�ê�ì í�å�æ åeã�è�î�ê�ï�æ ê�â�é,ð  
 

Tab. 91: Influence of ‘teat position’ on teat skin moisture, barrel of teat (Trial 8) 
x moisture 

Farm n (cows) 
LF RF LB RB 

P-value 

R1 16 47.0 55.0 48.3 45.2 NS 
R2 9 37.5 31.3 39.5 48.7 NS 
K1 21 39.5 41.3 41.0 42.9 NS 
K2 12 36.3 42.4 42.4 41.3 NS 
W 9 39.7 52.0 37.6 50.1 NS 
S 8 49.0 44.5 51.2 57.1 NS 

* P ×�Ø�Ù Ø�Ú�Û,Ü-Ü/Ý0×�Ø�Ù Ø2Þ3Û,Ü-Ü4Ü/Ý5×�Ø�Ù6Ø�Ø7Þ�Û�ß:à<á�â�ã�äAå�æ ç�â�æ è�æ é,ê�â,ä�Û�ëbâ�ê�ì í�å�æ åeã�è�î�ê�ï�æ ê�â�é,ð  
 

Tab. 92: Influence of ‘teat position’ on teat skin pH, barrel of teat (Trial 8) 
x pH 

Farm n (cows) 
LF RF LB RB 

P-value 

R1 16 7.25 7.16 7.11 7.15 NS 
R2 9 7.35 7.28 7.35 7.21 NS 
K1 21 7.29 7.27 7.43 7.25 NS 
K2 12 7.16 7.26 6.85 7.16 NS 
W 9 7.55 7.27 7.25 7.25 NS 
S 8 7.55 7.35 7.40 7.45 NS 

* P ×�Ø�Ù Ø�Ú�Û,Ü-Ü/Ý0×�Ø�Ù Ø2Þ3Û,Ü-Ü4Ü/Ý5×�Ø�Ù6Ø�Ø7Þ�Û�ß:à<á�â�ã�äAå�æ ç�â�æ è�æ é,ê�â,ä�Û�ëbâ�ê�ì í�å�æ åeã�è�î�ê�ï�æ ê�â�é,ð  
 

No significant differences in teat skin moisture or pH between quarters were 

obtained. The results indicated that the quarter had no influence on teat skin 

moisture or pH.  
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After establishing that measurement ‘location on teat’ and ‘farm’ influenced the teat 

skin parameters, the teat skin data was correlated with the quarter health data. The 

subsequent table demonstrates the coefficients of correlation individually for each 

farm and location on teat. 

 

Tab. 93: Correlation of ‘diagnosis’ with teat skin moisture and pH 
Moisture pH 

Farm 
Barrel Tip Barrel Tip 

R1 0.03 NS -0.01 NS -0.07 NS 0.02 NS 
R2 0.13 NS 0.02 NS -0.01 NS -0.07 NS 
K1 0.00 NS -0.03 NS 0.04 NS -0.02 NS 
K2 0.05 NS 0.20 ** 0.05 NS 0.01 NS 
W -0.09 NS -0.03 NS 0.10 NS 0.10 NS 
S -0.06 NS -0.07 NS -0.06 NS -0.10 NS 

* P ñ�ò�ó ò�ô�õ,ö-ö/÷0ñ�ò�ó ò2ø ; *** P ñ�ò�ó6ò�ò7ø�õ�ù:ú<û�ü�ý�þAÿ�� ��ü�� ��� ����ü,þ�õ
	/ý������� ��þ�� ý�ü  
 

The majority of comparisons between diagnosis and moisture or pH, showed no 

significant correlation. No interaction between udder health and teat skin data was 

found.  
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5.  DISCUSSION  

Bovine mastitis causes great loss of income for the individual farmer and the dairy 

industry worldwide. In Germany, mastitis costs approximately 300 DM per cow per 

year (DVG 1994). Up to 81 per cent of the mastitis-associated costs occur through 

loss of production and contaminated milk that must be discarded (BLOSSER 1979). 

Therefore, research is focussing on the prevention of mastitis. If it was possible to 

predict the risk of mastitis, through parameters that are simple to determine such as 

teat skin condition, mastitis incidences could be more easily reduced.  

 

Extensive information about the role of the bovine teat tissue, teat orifice and teat 

canal as structures of defence mechanisms against mastitis are available (HAMANN 

and BURVENICH 1994a; LACY-HULBERT and HILLERTON 1995). Yet, our 

knowledge about the role of the teat skin in these defence mechanisms is limited. 

Especially the influence of the teat skin microflora in conjunction with the status of the 

teat tissue on the new IMI rate is not known well. The status of the teat tissue is 

influenced by the process of milking, which can induce congestion and oedema 

(HAMANN et al. 1994). These changes of teat tissue and circulation conditions affect 

the condition of the teat skin to a certain degree. A change in teat skin condition can 

result in a higher contamination of the teat surface with mastitis pathogens, which 

can cause an increased rate of IMI (PANKEY et al. 1984).  

 

With this background the focus in this thesis, was to obtain some basic teat skin data. 

It was endeavoured to find a relationship between bovine teat skin parameters, udder 

health and the influence of certain milking machine parameters, such as the 

pulsation.  

 

The teat skin moisture and pH were chosen as parameters for the teat skin. The 

bovine teat skin moisture has not previously been examined, whilst teat skin pH has 

been determined before, but not in relation with bovine udder health. Both 

parameters can be determined using non-invasive measures for the cow.  



 

 

166 

 

5.1 Methods 

Initially the repeatability of the devices was determined in the non-ideal conditions of 

a milking parlour. The manufacturer provides an internal precision of ± three per cent 

for the corneometer and ± 0.1 for the pH-meter (3.2.3). These values are appropriate 

for investigation of clean human skin in an enclosed room under particular, controlled 

environmental conditions (COURAGE and KHAZAKA 1997) but since these devices 

were to be used in an environment with variable temperature and humidity, the test 

for repeatability was conducted in quick succession on only two cows to minimise 

time and environmental interference.   

 

In research, a cv of less than five per cent is acceptable for physical parameters but, 

considering the non-ideal environmental conditions, the cv of six per cent obtained 

for the pH measurements was considered acceptable. Previous measurements of 

skin pH of animals have been achieved using electrodes connected to a pH-meter 

(DRAIZE 1941). A flat membrane skin-pH-meter (Courage and Khazaka electronic, 

Cologne, Germany), similar to the pH-meter used in this thesis, was used by 

RUEDISUELI et al. (1991) to measure the skin pH of dogs and by MEYER and 

NEURAND (1991) to measure bovine teat skin pH.  

 

Previous reports of teat skin pH are between 6.13 (± 0.06) (McEWAN JENKINSON 

and MABON 1973) and 6.80 (± 0.28) (MEYER and NEURAND 1991) (Table 5). 

Although the experiments were performed under different conditions and different 

breeds of cows were involved, the mean teat skin pH observed here (6.70 ± 0.41), 

was in the same range as the pH reported in the literature. Therefore, it was 

concluded that the pH measurements with the Skin-pH-Meter PH 900® were possible 

on bovine teat skin and resulted in realistic pH values. 

 

The cv of moisture measurements was four times higher than the cv of the pH 

determinations. This parameter was much more variable.  
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Because no reference for teat skin moisture was found in the literature, it was not 

possible to judge these first results. In the following pilot study (4.3.2) it was observed 

that, despite its variability, measurements resulted in consistent results for teats that 

were subjected to the same conditions.  

 

A similar device was used to determine the skin moisture in humans. It was 

compared with an evaporimeter and Skicon-100®-hydrometer and the corneometer 

was found to determine the skin moisture most accurately compared to other devices 

(BLICHMANN and SERUP 1988) (Table 13). Therefore, the measurements of teat 

skin moisture were not discarded, despite the high coefficients of variation.  

 

5.1.1  Reproducibility of teat skin parameters over time 

The coefficients of variation obtained in these tests were in the same range as in the 

previous examination of repeatability (4.1.2). Again, the moisture parameter 

demonstrated a higher variability than the pH parameter. It must be considered that 

true reproducibility could not be determined here, because it was not possible to 

reproduce exactly the same environmental conditions twice. Nevertheless, the results 

summarised in Table 41 were remarkably similar to the results in Table 40, despite 

being determined under very different conditions. 

 

5.1.2  Distribution of moisture and pH over the teat surface 

The question arose regarding the appropriate location on the teat that the two skin 

parameters moisture and pH should be determined. The differences in moisture 

between the four sides of the teat were small (Table 42), and no clear conclusion 

could be drawn from the results. The most accessible side was chosen for the 

experiments, which was the lateral region.  

 

The examination of the pH distribution on the different sides of the teat (Table 43) 

found no outstanding findings.  
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The results did not vary greatly; therefore, it could be assumed that there were no 

great differences in pH between the different regions on the teat. No 

recommendations for measurement location could be found in the literature. 

 

Regarding the three different locations on the teat, the base exhibited the smallest 

moisture values, whereas teat tip and barrel were always more moist (Table 42). As 

opposed to the skin of the udder, the teat is hairless and has no sebaceous or sweat 

glands (RIEDERER 1903; FOUST 1941; POUNDEN et al. 1950; ADAMS et al. 

1960). It is assumed that the moisture measurement of the teat skin relates to the 

presence of water either in or on the stratum corneum (TAGAMI 1982). Therefore, it 

must be concluded that less ‘water’ is present on the base of the teat than at barrel 

and tip. That is remarkable, as the base of the teat is nearest to the skin of the udder, 

which contains hair and sweat glands. Because the teat skin itself cannot produce 

sweat, the moisture of the teat tip and barrel must be derived either from the 

environment (BLANK et al. 1984) or from the skin of the udder. 

 

The pH of the three different locations on the teat did not vary to the same degree as 

the moisture (Table 43). It was not possible to determine any regions on the teat that 

have a significantly different pH to others.  

 

Another fact is outstanding when comparing the obtained values with the literature. 

Skin without any sweat or sebaceous glands develops a more acidic skin pH 

(MEYER and NEURAND 1991), whereas the secretions of eccrine glands in cattle 

generally result in neutral or alkaline pH on the skin surface. Although the skin of the 

teat has no sweat glands (RIEDERER 1903; FOUST 1941; POUNDEN et al. 1950; 

ADAMS et al. 1960), the teat skin pH is reported to be more alkaline than the rest of 

the body (McEWAN JENKINSON and MABON 1973) or not different to the rest of the 

body (MEYER and NEURAND 1991) (Table 5). The results of the experiments in 

section 4.1 agree with the findings of these authors and are contrary to the pH 

normally associated with skin devoid of glands. 
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The exact location for measuring pH is not mentioned in the literature. No definitive 

conclusions could be drawn in the comparison of the different locations (Tables 52 - 

57a) for the parameter pH, because no clear pattern was discovered. 

 

5.1.3 Correlation of teat skin pH and teat skin moisture 

The teat skin pH and moisture were always determined on the same locations on 

teats and at almost the same time. Therefore, it had to be tested, to see if these 

parameters influenced each other, or were related.  

 

The moisture of teat skin can easily be influenced by the application of water, which 

is immediately detected by the corneometer (values exceeding 100) (BLICHMANN 

and SERUP 1988). The moisture of skin that was artificially wetted increased by 150 

per cent, whilst the teat skin pH was barely influenced by the application of water. For 

the measurement method, it is necessary to rinse the electrode with water, before it 

is applied to the skin. Therefore, the moisture measurement always had to be taken 

first, to ensure that the wetting of the skin, necessary for the pH measurement would 

not influence the moisture.  

 

No significant correlation between the two parameters was found (Table 46). 

Therefore, it was concluded that the two parameters were not related or influenced 

by each other, although they were taken on the same spot of skin in quick 

succession and with the two measuring devices combined within one case (Figure 

16). 
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5.2 Non-milking influences on teat skin parameters 

5.2.1 Moisture and pH of teat skin in dry cows 

The moisture of teat skin, uninfluenced by the process of milking, fluctuated between 

values of 23.0 and 57.5 (Table 47). The results of the measurements on dry day 59 

were considerably higher than the values of the occasions before or after this 

instance and exhibited higher standard deviations. It was recorded that the cows 

experienced extensive stress before they were subjected to the teat skin 

determinations. Because stress factors can hardly be quantified or qualified, it could 

only be concluded that stress may result in increased teat skin moisture. It remains 

unresolved if external factors caused the effect on teat skin moisture, or if the 

increase was due to internal reactions of the cow to the stress. It can be ruled out 

that the increase originated from contaminations of the teat skin since moisture 

values exceeding 100 were not observed. These values were normally recorded 

when teats were clearly contaminated with water, soil or dirt.  

 

Excluding the results for dry day 59, it was observed that teat skin moisture 

decreased during the dry period. The conclusion was drawn that the teat skin of New 

Zealand cows is drying out during the dry period, although the observed effect was 

small. Yet, comparable data was not available in the literature.  

 

The teat skin pH of dry cows varied between 7.06 and 7.26, with a minimum of 5.80 

and a maximum of 7.46 (Table 48). The data of dry day 59 was not outstanding from 

the rest of the data. It was concluded that stress did not affect the teat skin pH 

measurements. This is opposed to reports that state that excitement results in a 

more neutral to alkaline pH on the skin, with an increase of one to two units within 

one or two minutes (MEYER and NEURAND 1991).  

 

On the next measurement occasion during the dry period however (dry day 73, Table 

48), all pH values were reduced by one unit. Unusual actions had not occurred 

before the skin measurements, so these results remain unexplained.  
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When the results of dry day 73 are excluded from the examinations, the teat skin pH 

of dry cows was stable during the dry season, but higher than the pH of lactating 

cows (compare Tables 40, 43 and 52). Skin pH values exceeding 7.0 have not been 

reported previously in the literature (McEWAN JENKINSON and MABON 1973; 

MEYER and NEURAND 1991). The results (Table 48) suggest that the teat skin pH 

of dry cows is considerably higher than the pH of lactating cows.  

 

Significant differences were obtained between the measurement occasions, due in 

part to the very low variability of pH measurements observed on each occasion. 

 

5.2.2  Seasonal influences 

In general, skin is influenced by many external factors (COURAGE and KHAZAKA 

1997). Most of these external factors can not be measured or quantified, except 

environmental temperature and relative humidity.  

 

The concentration of water in human skin at a stable temperature is a function of the 

relative humidity of the environment (BLANK et al. 1984, Figure 4). Between 30 and 

80 per cent relative humidity, the concentration of water in the stratum corneum is 

relatively stable. An increase in humidity beyond 80 per cent causes an increase in 

concentration of water in the stratum corneum. An increase in humidity also causes 

the skin temperature to rise (LLOYD and McEWAN JENKINSON 1980). Therefore, it 

was expected that environmental humidity would affect teat skin moisture. 

Nevertheless, the influence of humidity on teat skin moisture was small and no 

significant correlation was observed (4.2.2). This was despite an environmental 

humidity above 80 per cent (compare Figures 4 and 20) in almost all New Zealand 

trials. This may account for the lack of correlation between humidity and teat skin 

moisture. 
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The increasing cutanous moisture loss of cattle skin with increasing temperatures 

(LLOYD and McEWAN JENKINSON 1980) should cause the skin moisture itself to 

increase as well, because the moisture is lost through the stratum corneum (WEHR 

and KROCHMAL 1987). Therefore, the correlation of teat skin moisture with the 

environmental temperature was not unexpected. 

 

Previous reports suggest that skin surface pH of cattle is not influenced by the 

environmental temperature or relative humidity (McEWAN JENKINSON and MABON 

1973) although these determinations were carried out on the dorsal area of cattle. 

The positive correlation of teat skin pH and environmental temperature observed 

here would suggest that the teat skin reacts differently to environmental temperature.  

 

Although the influence of the environmental factors found was small, the conditions 

the cows were exposed to, before and during the skin parameter determinations 

should be taken into account. ‘True’ teat skin moisture and pH values can only be 

obtained if these factors are kept as stable and controlled as possible. 

 

5.2.2.1 Influence of time of day 

The time of day influenced the level of moisture on the skin (Tables 50, 51, 59 and 

Figure 23) but it seems unlikely that time of day itself should influence teat skin 

moisture. It is possible that changes in environmental temperature over the course of 

a 24-hour period could influence teat skin moisture, as observed in section 4.2.2, and 

may be responsible for the differences in moisture measurements between am and 

pm milkings. The results of the teat skin pH measurements agree with the findings of 

McEWAN JENKINSON and MABON (1973) that bovine skin pH does not vary 

significantly with time of day or day of week.  
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5.3 Milking influences on teat skin or tissue 

5.3.1 Influence of milking interval 

The parameter moisture demonstrated am to pm fluctuations (Figure 23). No teat 

sanitiser was applied in this experiment, to avoid measuring the influence of the 

product on the skin rather than the influence of the milking interval. However, no 

influence of milking interval was found, which reduced the detected effect to a mere 

environmental influence, already discussed in the section before. 

 

An effect of time on teat skin moisture was noted (Table 51), similar to the results of 

the dry cow study (Table 47). The results suggested that the teat skin dried out 

during the experimental phase. It seemed likely that this was caused by the absence 

of teat conditioning products. 

 

No significant treatment effect was found for the pH and no effect of time of day (am, 

pm) or trend through time. Therefore, it must be concluded that the milking interval 

has no effect on the teat skin pH. The influence of milking on the teat skin pH has not 

been previously investigated, so no information was available in the literature. It was 

noted that the mean teat skin pH was lower than that of dry cows (compare 4.2.1 and 

5.2.1). 

 

5.3.2 Influence of teat disinfection on teat skin  

Once it had been established that the Corneometer CM 820® and the Skin-pH-Meter 

PH 900® could be used to measure teat skin moisture and pH (5.1), the devices were 

used to determine the effect of teat sanitiser on teat skin condition. Initially a pilot trial 

was conducted (3.1.4). Because an effect of time of day (5.2.2.1) on teat skin 

moisture had been noticed, the results were analysed separately for am and pm 

data.  
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To promote healing of chapped teat skin and maintain good teat skin condition, 

emollients are part of teat sanitiser formulations (SOMERVILLE and ROSE 1978). 

Glycerine is the most common emollient for controlling chapping of teats. Good teat 

end and teat skin conditions were also obtained using a ten per cent triple system of 

emollient, containing glycerine, lanolin and polyvinyl pyrolidine (GOLDBERG et al. 

1994b). By reducing the risk of skin chapping, the susceptibility to colonisation with 

S. aureus (PANKEY et al. 1984) is also reduced. In human cosmetics, glycerine, 

sorbitol and other emollients are known to attract water and increase pliability of the 

skin. The water is derived from the TEWL of the skin itself (WEHR and KROCHMAL 

1987). After application of moisturisers a significant increase in moisture levels of 

skin is noted, determined with a corneometer (FRÖDIN et al. 1988; BÜSCHER and 

LIPPOLD 1994).  

 

In this trial the applied iodine sanitiser solution contained 6.25 per cent emollient, a 

mixture of glycerine and sorbitol (3.1.4). After application, the teat skin moisture 

increased. Significantly increased moisture values were observed for treated teat 

skin 45 min after application of the teat sanitiser (Table 53 b) and the effect was still 

observable before the next milking, eight or 16 h later respectively (Tables 53 and 

54). The moisture values for treated skin were lower after the longer milking interval 

(16 h) compared to the shorter interval (8 h). It can be concluded that a moisturising 

effect of the emollient was observed, even after 16 h following application and that 

the corneometer was able to detect this effect. 

 

The results obtained directly after milking demonstrated that the teat skin was wet 

regardless of the treatment (Table 53 a). This is to be expected since the teat tip 

comes into contact with milk during each pulsation cycle (DVG 1994). 

 

A significant effect of treatment on teat skin pH was discovered. The low pH of the 

teat sanitiser caused the teat skin pH to decrease significantly. Eight to 16 h after the 

application of the treatment the effect was still noticeable (Table 55). 
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An am/pm effect on teat skin pH was observed for treated skin (Fig. 24), but this 

could not be caused by the milking interval, as shown in 4.3.1. The only other factor 

that could have produced the same pattern as the milking interval, was the treatment 

interval. The level of teat skin pH depended on the length of the treatment interval. 

 

Even the teat skin pH determined directly after cluster removal exhibited the 

treatment effect (Table 55 a). The pH of treated skin was always significantly lower 

than the pH of untreated skin. The corresponding moisture values demonstrated that 

the teat skin was wet after milking, yet the pH determined on the skin was not equal 

to the pH of milk (approximately 6.6). Therefore, it is suggested that the high 

moisture determined on the skin directly after milking was due to the milking process 

but did not necessarily derive from milk surrounding the teat in the teat cup. 

 

Another possible explanation is that the effect of the milk on the teat skin pH was not 

high enough to be detected by the pH-meter and that it was masked by the strong 

effect of the teat sanitiser.  

 

5.3.2.1 Influence of teat sanitiser formulation 

The test of reproducibility has shown cvs of approximately 20 per cent for the 

parameter moisture. Considering this, most of the significant results in this 

experiment were within the variation range for the parameter, so the results need to 

be interpreted with great care. Nevertheless, an attempt was made to discuss the 

findings of the trial. 

 

An effect of time of day (am or pm) on moisture has been observed before and was 

discussed in 5.2.2.1.  

 

For teat skin treated with the positive control, similar results were obtained in all three 

periods. The skin was well moisturised by the control treatment (Tables 59, 61) and 

significantly better moisturised than untreated skin.  
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Teat spray containing ten per cent glycerine has previously been shown to provide 

better teat skin conditioning than no teat spray (RASMUSSEN and LARSEN 1998) 

so the results of this current study confirm their findings.  

 

Teat skin treated with the iodophor product T 3, containing 6.25 per cent emollient, 

was less moist than teat skin treated with the positive control (18.75 per cent 

emollient) and not different from untreated teat skin. This demonstrated that the level 

of emollient was of importance for the moisture of the teat skin. Higher 

concentrations of emollient resulted in higher moisture readings. A similar effect of 

glycerine has been described for moisturisers in human cosmetics. A significant 

increase in moisture level of human skin (determined with a Corneometer CM 820) 

was observed, after the application of glycerine (BÜSCHER and LIPPOLD 1994).  

 

The DDBSA product (T 4) contained sorbitol and glycerine and moisturised teat skin 

better than no treatment, but not as well as the positive control. Teat skin treated with 

the chlorhexidine product (T 5), containing only sorbitol, was not different from 

untreated teat skin and was less moist than skin treated with the positive control. It 

appears that sorbitol alone is not as efficient for moisturising teat skin as a mixture of 

glycerine and sorbitol. 

 

The data also indicated that glycerine is a better moisturiser than sorbitol. Teat skin 

treated with the positive control, which contained the highest level of glycerine, but 

the same amount of sorbitol as the iodophor product T 3, was the most moist. These 

conclusions take no account of the different formulations of the active ingredient. 

 

The teat dip, containing sodium chlorite (T 6) and the linolenic acid spray (T 7) did 

not moisturise the teat skin to the same degree as formulations containing glycerine 

or sorbitol as an emollient. This result is supported by the results of other authors. 

The product here labelled as T 6 was associated with poorer teat end condition 

scores (BURMEISTER et al. 1998).  
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It was observed previously that the pH of the teat sanitiser influenced considerably 

the teat skin pH (5.3.2.1). This effect was observed here in more detail. The pH of the 

teat skin decreased with decreasing pH of the applied teat sanitiser (Figure 25). The 

spray with the highest pH (T 5, pH = 6.6) resulted in no significant differences in teat 

skin pH compared to the negative control. Teat sprays with a pH of 3.5 (T 1, T 2 and 

T 3) resulted in approximately the same pH developing on the teat skin. These 

results suggest that the pH values obtained were not random, but were caused by 

the influence of the treatments.  

 

The most acidic teat sanitiser (T 6, pH = 2.9) resulted in teat skin pH values as low as 

4.76. It is possible that the low pH of the sanitiser was a reason for the association of 

this product with poorer teat end condition scores in other experiments 

(BURMEISTER et al. 1998).  

 

The treatment interval also influenced the pH level on the skin. The decreasing pH 

effect of the product, containing sodium chlorite (T 6) was well detectable after 8 h 

and after 16 h, although the teat skin pH had risen slightly after 16 h (Table 60).  

 

As observed in other experiments the pH of untreated skin did not show great 

variations through time (compare Tables 48 and 60). This leads to the assumption 

that the Stratum corneum is covered with a very stable acid-lipid mantle, if it is left 

uninfluenced. However, washing with water and ordinary soap ten times within a 

short period increased the pH of human skin considerably (JOLLY et al. 1961). 

Therefore, it was not surprising that the pH found in this experiment was different to 

the teat skin pH found on dry cows. 

 

In this thesis, the consequences of a decrease in teat skin pH on teat skin condition 

could not be determined. Other experiments suggest that exposure to solutions with 

extreme pH levels destroys the integrity of the teat skin. Submersing teats in 1 N 

sodium hydroxide caused the skin to crack and chap severely (FOX 1992). It is well 

accepted that the low pH of teat sanitiser products has a negative effect on teat skin. 
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This is the primary reason for adding teat conditioning agents (FARNSWORTH et al. 

1978; NICKERSON 1998). 

 

The design of this experiment did not allow the determination of the effects of the 

active ingredients of the teat sanitisers on teat skin parameters as the products 

containing no emollient were not available for testing. 

 

5.3.2.1.1 Effects on teat skin flora 

No reduction in number of bacteria on the teat skin by the treatment sanitisers was 

found (Table 63) and no pattern was discernable in the results. The distribution of 

type and number of bacteria over the teats appeared to be random (Tables 63 to 63 

d) and the treatments did not influence the type or number of bacteria present on the 

skin. Even when comparing teats that received the same treatment, there was no 

similarity in the types and numbers of bacteria. This is opposed to statements that 

the reduction in staphylococci population lasted for at least 16 hours after the 

treatment with a post milking iodophor dip (ZARKOWER and SCHEUCHENZUBER 

1977).  

 

The rinsing method may have prevented detection of treatment effects. The results 

suggest that the amount of bacteria removed by the rinsing were not representative 

of the amount of microorganisms actually present on the teat. However, the rinsing 

method was sufficient for the determination of the microflora on untreated teat skin, 

as the results were similar to the findings of WOODWARD et al. (1988). They 

identified that normal teat skin flora of dry cows consisted of large Gram-positive 

rods, typical of bacilli and Streptomyces spp., smaller coryneform Gram-positive rods, 

Gram-positive cocci and a few Gram-negative rods.  

 

Another possible explanation for the results could be the timing. Samples were taken 

approximately 14 h after the application of the sanitisers. It seems possible that the 

bacteria found here reflect the recontamination acquired during the inter-milking 

period; this would explain the observed variability in results.  
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A second scenario could be that some bacteria were able to survive contact with the 

teat sanitiser. These microorganisms would dominate on the teat skin for a short 

period of time and gain an advantage over other microorganisms until 

recontamination occurred, possibly resulting in a predominant type or group of 

bacteria on the teat skin. The most dominant group of bacteria found in this 

experiment was Bacillus spp., however, bacilli also dominated on untreated skin. 

Therefore, this explanation may not be appropriate to explain the variability in results. 

 

During the determination of the contamination of teat skin, no isolates of S. aureus 

were found. This is interesting since previous reports frequently detected S. aureus 

on teat skin (section 2.2.3.1, CULLEN and HERBERT 1967). It is possible that the 

heavy growth of other bacteria prevented growth of S. aureus during incubation. 

Another possibility is that due to the very low incidence of S. aureus mastitis in this 

herd, affecting less than 0.25 per cent of quarters, (WILLIAMSON, J.H., unpublished 

observations), it is highly possible that S. aureus is rarely present on teats of cows in 

this herd.  

 

It would be of significance for future teat sanitation management to discover how the 

teat skin flora of cows is influenced by the pH of teat sanitiser formulations and what 

consequences this has for the udder health. The method and the approach used in 

this experiment was unable to answer these questions. 

 

5.3.3 Influence of pulsation  

In 4.3.3.3, the effect of different pulsation modes on teat tissue parameters was 

examined. It was found that the pulsation mode had a significant effect on change in 

teat thickness during milking (Table 77). This was expected, since teat thickness has 

been shown to increase with increasing [b] phase length (HAMANN and MEIN 1996). 

Although the [b] phase of the pulsation mode ‘fast’ was variable in length, it was 

always longer than the [b] phase of the ‘slow’ mode (Table 36). It is possible that this 

increased the degree of congestion or oedema that occurred in the teat tissue during 

milking, resulting in an increase in teat thickness at the teat tip.  
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In the subsequent analysis, a significant correlation was found between teat 

thickness change and milk yield (Table 78), but only for cows milked on the ‘fast’ 

mode. This finding was confounded by the milking rate and milk yield increases 

normally associated with the RMH ‘fast’ mode (WOOLFORD and SHERLOCK 1987). 

It was observed that higher milking rates were achieved using the ‘fast’ pulsation 

mode (Table 76) as would be expected by the findings of WOOLFORD and 

SHERLOCK (1987) who observed an increase in average milking rate of 23.8 per 

cent when using the RMH.  

 

For both treatment groups, a reduction in teat thickness change was observed during 

the lactation (Figure 26), which was consistent with a lactational decrease in milk 

yield and milking duration (Figure 27). This confirms the relationship between milking 

rate, teat thickness changes and pulsation mode.  

 

In 4.3.3.3.1, the influence of quarter health on teat thickness change was examined. 

No significant effect of quarter health on teat thickness change was observed (Table 

79). These results should be looked at critically due to the low sample numbers. If 

more cows had participated in the experiment, it is possible that an effect of teat 

thickness change on quarter health may have been observed. Previous reports found 

an association between teat thickness changes and udder health, but only for teat 

thickness greater than +/- five per cent (HAMANN 1997c). In the New Zealand 

studies reported here, teat thickness changes of more than five per cent were only 

observed for ‘fast’ pulsator mode and the risk of colonisation may have been reduced 

by the shorter milking time. 

 

Milking machine parameters, such as vacuum level and pulsation are associated with 

teat condition (HAMANN 1997b). Good teat condition is crucial for good health of the 

udder (BRATLIE 1958; O’SHEA 1981). Teat skin moisture and pH are parameters 

that provide some information about the status of the teat skin. It was demonstrated 

that the pulsation mode had a significant treatment effect on teat tissue. In 4.3.3.1, 

the effect of the same treatment on teat skin parameters was observed.  
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Yet, no significant effect of the pulsation treatment on teat skin moisture or pH was 

found (Tables 65 and 66). In the literature, no information about the influence of 

pulsation on teat skin moisture or pH was available. Therefore, only assumptions can 

be made here.  

 

It is possible that the pulsation treatments had no impact at all on the two teat skin 

parameters, although an influence on teat tissue has been found. The data obtained 

here do not hint any relationship between the treatment and the skin parameters.  

 

Yet, the treatments could have caused very small changes in skin moisture or pH 

that were not detectable with the devices used here, or did not last long enough to be 

picked up before the next milking. The sample size may have been too small, to 

obtain a significant effect of the pulsation treatment on the skin parameters, but 

identical twins were used to compensate for small sample numbers (CARTER 1954), 

with the pulsation treatment split within twin set. If the experiment were to be 

repeated, it is possible that more frequent testing of skin parameters, for instance at 

weekly intervals, would improve detection of possible relationship. 

 

Subsequently, other factors of influence on teat skin were investigated. In the 

analyses in 4.3.3.1 and 4.3.3.3, a significant influence of stage of lactation on teat 

thickness change and teat skin parameters was found (Table 67 and 77). This 

experiment was conducted over a long period of time, with a variable interval 

between determinations. It was expected that the teat skin and tissue parameters 

would be influenced by season of the year when determined over a period of 

approximately eight months. It has been observed in previous sections that the teat 

skin parameters were influenced by the environment. The time of the year and 

environmental changes could not be separated in this experiment because all cows 

calved and were dried off at a similar time of the year. Therefore, it cannot be 

determined whether the effect of stage of lactation was due primarily to season of the 

year or to a ‘days in milk’ effect.  
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No interaction of ‘stage of lactation’ and treatment was found in the analyses in 

4.3.3.1 and 4.3.3.3, so the effect of ‘stage of lactation’ was not strong enough to 

influence the product of ‘treatment’ and ‘stage of lactation’. 

 

Next to time issues and environmental conditions, other factors may influence the 

teat skin condition, which might have a stronger effect on teat skin than the 

treatment. The influence of the individual cow on teat skin parameters (Table 68) was 

examined. There was no discernable influence of the individual cow on the 

measurements of moisture or pH, whereas the stage of lactation and an interaction of 

stage of lactation and cow had significant impact on teat skin parameters. 

 

It is apparent that the same time effect as in the test above was discovered here, 

which was an expected result. Yet, the individual cow did not contribute to the 

variability of the teat skin parameter moisture. 

 

In the subsequent analysis, no significant effect of quarter health on teat skin 

parameters was determined (Tables 69 and 70). Table 71 and 72 demonstrate how 

variable the values of the two parameters were. The small differences in mean 

moisture discovered between health groups ‘1’ and ‘4’ were not relevant, in light of 

the wide variation in values observed for different teats and locations. For the 

parameter pH, hardly any differences between the different health groups could be 

observed. Additionally, similar to the investigation in 4.3.3.3.1, the sample size was 

small. 
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5.3.3.1 Effects on teat skin flora 

During the course of Trial 6, teat rinsing samples of 14 cows were analysed (3.2.3.3). 

It was already discussed in 5.3.2.1.1 that investigating the bacterial contamination of 

the teat skin with the teat rinsing method held some difficulties. The same difficulties 

were encountered here. Additionally, due to the sampling pattern sample numbers 

were distributed unevenly over the different stages of lactation and treatments. 

Nevertheless, an attempt was made to analyse the available data. 

 

On most teats bacilli, micrococci, CNS, Gram-neg. rods and streptococci were the 

predominant organisms (Table 73). This was similar to the microflora found on 

untreated teats in Trial 5 (Table 63) and by Woodward et al. (1988), which suggests 

that the rinsing technique had some merit. An analysis of the results was difficult due 

to the high variability in results. A chi-squared test was performed on the number of 

teats colonised with each isolate (Table 74), which resulted in significant differences 

for four of the five tested stages of lactation. However, because of the uneven 

distribution of data and sample numbers it was not possible to draw any conclusions 

from these results. It seems especially difficult in view of the results in 4.3.3.1. 

Although the pulsation had a significant effect on teat tissue, no influence on teat skin 

could be detected. Therefore, it seems unlikely that the teat skin flora would be 

influenced by the treatment in some stages of the lactation, but not in others.  

 

5.3.4 Correlation of udder health with teat skin parameters 

The interaction between udder health data and teat skin parameters was investigated 

in this experiment. The teat skin data and microbiological status of quarters was 

summarised extensively, because this trial was undertaken in Germany on unrelated 

cows and on different farms (4.3.4).  
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It was discovered that the teat skin moisture of German cows was in the same range 

as teat skin moisture of New Zealand cows (compare Tables 51 and 80). Although 

this parameter appeared very variable in itself, it still seemed to provide valuable 

information about the teat skin moisture.  

 

The pH of New Zealand dry cows was in the same range as the pH of German 

lactating cows (compare Table 48 with Table 45 and 81). Although German cows 

were treated with teat sanitisers of low pH, similar to the New Zealand cows, it was 

noted that the teat skin pH of German cows was generally higher than that of New 

Zealand cows. One of the reasons for this could be the different surroundings of the 

cow. German cows were kept in barns on straw or sand, whilst the New Zealand 

cows remained on pasture all year. Soiled bedding may have an alkalising influence 

on teats of German cows whilst soil may have decreased the pH of teats on New 

Zealand cows. The different breeds of the cows may also account for the differences 

in skin pH. However, the teat skin pH found on New Zealand cows was within the 

range given in the literature, although the authors had used cows of different breeds 

(McEWAN JENKINSON and MABON 1973; MEYER and NEURAND 1991). 

 

The effect of location of the measurements on the teat surface was examined first, 

using cows with four healthy quarters (free of mastitis pathogens and foremilk SCC of 

less than 100,000/ml), compared with cows with a SCC of more than 100,000/ml in 

all four quarters. Significant differences in moisture and pH were observed between 

teat barrel and tip for both groups of cows (Table 83 and 84).  

 

When compared with New Zealand data (Trial 1), no significant differences were 

observed between teat tip and barrel locations, in terms of teat skin moisture or pH 

(compare Tables 57 – 58 a). However, the values obtained in Germany were more 

variable than in New Zealand, which may be due to the different measurement 

conditions. Additionally the German determinations were done on unrelated cows, 

not identical twins. Subsequent studies in section 4.3.4. were conducted separately 

on teat tip and barrel locations.  
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Next, the influence of the different farms was tested. To minimise effects of the udder 

health only cows with four healthy quarters were included. Significant differences 

between farms were obtained for some comparisons (Tables 85 and 86). An 

influence of ‘farm’ could not be precluded; therefore, the following tests were done for 

each farm separately. The environmental conditions were different on each farm, 

consequently it was not surprising that it would influence the teat skin condition. 

Additionally samples and skin data of each farm were taken on different days. 

Therefore, the aspect of time was also included in the ‘farm’ factor. Although all 

determinations were done at approximately the same time of day and within a period 

of ten days, an influence of time could not be excluded. 

 

Because not all cows have the same teat skin conditions, even when they are treated 

the same, the influence of cow was examined next. A significant influence of ‘cow’ on 

teat skin moisture and pH was observed (Tables 87 and 88). As a consequence of 

this result the subsequent analyses would have to be done on cow level. Yet, this 

would not have resulted in sensible results. Therefore, the subsequent tests were 

carried out on an average of cows on each farm.  

 

It has to be noted that these results were contrary to the findings in 4.3.3.1 (Table 

68), where the cow had no influence on teat skin parameters. However, in the New 

Zealand trial, identical twins on the same farm were utilized and their teat skin 

parameters were observed over a long period of time. This would have reduced the 

influence of individual cow on the treatment effects. The cows in the German 

experiment were unrelated individuals and their teat skin parameters were 

determined only once or twice. 

 

After factors of ‘farm’, ‘cow’ and ‘location on teat’ were investigated, the influence of 

‘position of teat’ on teat skin parameters was examined. No influence of the teat 

position was found (Tables 89 - 92). These results indicated that each cow and its 

environment influenced teat skin parameters significantly, but within cow, teat skin 

condition was affected by the various factors to the same extent. 
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Taking the above results into account the correlation of teat skin parameters and 

quarter health diagnosis was performed. No significant correlation between quarter 

health and teat skin parameters was obtained (Table 93). Analysis of the data 

indicated that the environment (farm and time effect) and individual cow factors 

affected teat skin pH and moisture to a greater extent than udder health. No 

association was observed between udder health and teat skin parameters. 

Observations conducted over a longer period of time, under highly controlled 

environmental conditions, may be required to ascertain such a relationship. 
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5.4 Conclusion 

In conclusion, use of the devices for determination of teat skin moisture and teat skin 

pH was possible, but not without difficulties. Only basic teat skin moisture and pH 

values could be determined and it was found that the environment influenced, to a 

great extent, either the determination methods or the two parameters themselves. 

Extensive teat skin condition changes, such as extreme pH influences could be 

detected but more subtle effects could not be determined with any particular 

accuracy. 

 

The observation of the decreasing effects of teat sanitisers on teat skin pH raises an 

important question regarding the long-term consequences of teat sanitisers on teat 

skin health, and requires further investigation. It was disappointing that the effect 

caused by the pulsation treatment on teat tissue could not be connected to the teat 

skin parameters. If that were possible, some of the visual and subjective parameters 

used in mastitis research (FOX et al. 1991; GOLDBERG 1994a) could be 

superseded. 

 

The lactational changes in teat skin pH and moisture (Trial 6) were interesting 

findings but a more complicated trial design will be required to distinguish between 

the effects of stage of lactation and seasonal, or environmental, influences. 

Increased frequency of sampling would improve identification of lactational effects.  

 

No relationship could be detected between teat skin parameters and udder health. 

Identification of this relationship may require that the environmental conditions of all 

participating cows be highly controlled (all in one location, under the same 

temperature and humidity conditions during the entire experiment) and a much larger 

group of cows be monitored.  

 

The teat rinsing method used in this study had its limitations. Although used in two 

very different trials, it did not yield very useful results.  
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The rinsing technique was hard to standardise and sometimes the contamination of 

the sample during the rinsing action could not be prevented. Nervous cows could 

cause the loss of samples when kicking. The identification of isolates proved difficult. 

Frequently, heavy growth of samples prevented clear identification and isolation of 

other isolates, whilst environmental microorganisms, usually found on grass or 

pasture, further confused the analysis. 

 

The parameters of teat skin moisture and pH will prove useful to future research if the 

environmental influences can be minimised or standardised. The teat rinsing method, 

with some refinement, may prove useful for analysis of the teat skin microflora.  
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6.  SUMMARY 

Stefanie Hansen 

Influence of environmental and pulsation factors on teat skin condition and 

teat tissue with regard to mastitis 

 

Milking and non-milking influences on teat skin and tissue parameters were 

examined in a series of trials in New Zealand at the Dairying Research Corporation, 

Hamilton and on farms within a 100 km radius of Hanover, in Germany. In New 

Zealand, identical twins were available for six short-term trials and one long-term 

trial, involving 10 twin sets. In Germany, one main trial was carried out, with 253 

unrelated cows located on four participating dairy farms. 

 
A method to determine the pH and the moisture of bovine teat skin was developed. 

The long-term effects of machine milking on teat skin and tissue parameters were 

studied. Additionally different teat sanitiser formulations were compared with regard 

to their teat-conditioning characteristics.  

 

The determination of the teat skin parameters pH and moisture was possible, with 

the Corneometer CM 820 and Skin-pH-Meter PH 900 (Courage and Khazaka 

electronic GmbH, Cologne, Germany). The parameter moisture demonstrated 

substantial variability. The test of repeatability resulted in a coefficient of variation 

(cv) of 25.6 per cent for moisture and 6.07 per cent for pH. The reproducibility over 

time resulted in similar cvs for teat skin pH and moisture as in the test of 

repeatability. Teat skin moisture and pH were not significantly correlated. The teat 

skin moisture was determined in arbitrary units. 

 

The average teat skin pH of New Zealand cows varied from 6.44 to 6.88 for lactating 

cows and from 7.06 to 7.26 for dry cows. German lactating cows had a mean teat 

skin pH of 7.19 to 7.26. In New Zealand, the teat skin moisture of lactating cows 

fluctuated between 23.9 and 39.8, and between 23.0 to 57.5 for dry cows. The 

average teat skin moisture of German lactating cows ranged from 46.6 to 47.8.  
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The teat skin parameters and measurements were subject to environmental 

influences. The teat skin moisture was correlated with the environmental temperature 

on a low level. The teat skin pH correlated with the environmental temperature and 

the relative humidity.  

 

An am/pm effect of moisture was also observed. The environmental temperature and 

the teat skin moisture were significantly higher in the afternoons than in the 

mornings.  

 

The milking interval did not have any influence on teat skin moisture or pH. The 

application of a post milking teat sanitiser, containing iodine and a mixture of 

glycerine and sorbitol, increased the moisture of teat skin significantly. This increase 

was observable up to 16 h, but after 24 h, the effect had deteriorated. The low pH of 

the sanitiser solution (3.3) had a very strong, decreasing influence on the teat skin 

pH. PH values as low as 4.46 were determined and the effect was still detectable 

after 16 h. 

 

In a half udder design with crossover involving six identical twin sets, six different teat 

sanitiser formulations were tested regarding their teat conditioning properties. The 

positive control contained the highest level of emollient (glycerine and sorbitol) and 

resulted in higher moisture readings than most other teat sanitisers. Yet, this effect 

deteriorated over time and was not observable after 24 h. The level of glycerine in 

the sanitiser influenced the moisture level on the skin. The sanitiser containing 

sorbitol alone did not result in moisture values as high as mixtures including 

glycerine. Products without emollient did not moisturise the teat skin as well as 

products with emollient.  

 

The acidity of the sanitiser caused a decrease in teat skin pH. Products with a pH 

around neutral did not change the teat skin pH whilst treatments with the same pH 

(3.5) resulted in approximately the same pH occurring on the teat skin. In this 

experiment, it was not possible to test the products without emollients. 
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The influence of the treatments on the teat skin flora was tested, taking rinsing 

samples at the end of each five-day treatment period. The teat skin flora observed on 

untreated skin was similar to the microflora reported in the literature. However, no 

effect of the sanitiser treatment on the number of teats colonised with a particular 

group or genus of bacteria could be found. No pattern could be discerned for the 

distribution of type of bacteria over treatments or different teats. 

 

Ten twin sets were used to compare two different pulsation modes in a long-term 

trial, with split twin set design. The group, treated with the ‘fast’ milking mode, with a 

dynamic [b] phase exhibited significantly higher teat thickness changes than the 

group treated with ‘slow’ pulsation mode. The teat end thickness change decreased 

throughout the lactation for both treatment groups. The milk yield was significantly 

correlated with the teat end thickness change for the treatment group milked with the 

‘fast’ mode.  

 

The pulsation treatment had no significant effect on teat skin moisture or pH. Quarter 

foremilk samples were analysed for bacteriology but no significant influence of 

quarter health on teat skin moisture, pH or thickness change was observed. 

 

In the final trial, the udder health of 253 German cows was compared with teat skin 

moisture and pH. No significant correlation of these parameters was observed. 

Analysis of the data indicated that time, farm and individual cow factors influenced 

the teat skin parameters to a greater extent than the udder health on quarter basis. 

 

Using the corneometer and pH-meter to determine bovine teat skin moisture and pH 

proved to be a simple and non-invasive technique, appropriate for use with dairy 

cattle. Environmental factors influenced skin moisture and pH to a high degree and 

future studies will need to keep as many of these factors (temperature, humidity, 

bedding etc.) as stable and controlled as possible during the experimental phase. 
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7.  ZUSAMMENFASSUNG 

In einer Reihe von Versuchen in Neuseeland, an der Versuchsstation der Dairying 

Research Corporation in Hamilton und in einigen Praxisbetrieben in einem 100 km 

Radius um Hannover (Deutschland), wurden durch das maschinelle Melken bedingte 

und Melkmaschinen unabhängige Einflüsse auf die Zitzenhaut und das 

Zitzengewebe untersucht. In Neuseeland standen eineiige Zwillingspaare für sechs 

Kurzversuche und einen Langzeitversuch (mit 10 Zwillingspaaren) zur Verfügung. In 

Deutschland wurde neben Vorversuchen, ein Hauptversuch ausgeführt, an dem 253 

Einzelkühe in vier verschiedenen Milchkuhherden teilnahmen. 

 

Eine Methode zur Bestimmung der bovinen Zitzenhautfeuchte und des Zitzenhaut-

pH-Wertes wurde entwickelt. Einige Langzeiteffekte des maschinellen Melkens auf 

die Zitzenhaut und das Zitzengewebe wurden untersucht. Weiterhin wurden 

verschiedene Zitzendesinfektionsmittel im Hinblick auf ihre Zitzenhaut 

beeinflussenden Eigenschaften verglichen. 

 

Die Bestimmung der Zitzenhautparameter Feuchte und pH war mit dem 

Corneometer CM 820 und dem Skin-pH-Meter PH 900 (Courage and Khazaka 

electronic GmbH, Köln, Deutschland) möglich. Die Feuchte zeigte ausgesprochen 

hohe Schwankungen. Es wurde ein Variationskoeffizient von 25,6 Prozent für die 

Feuchte und 6,07 Prozent für den pH-Wert bestimmt. Die Reproduzierbarkeit 

resultierte in sehr ähnlichen Koeffizienten für die beiden Parameter. Die 

Zitzenhautfeuchte und der Zitzenhaut-pH-Wert waren nicht signifikant korreliert. Die 

Feuchte wird in relativen Einheiten angegeben. 

 

Der durchschnittliche Zitzenhaut-pH-Wert von neuseeländischen, laktierenden Kühen 

war im Bereich von 6,44 und 6,88, der von trockenstehenden Kühen zwischen 7,06 

und 7,26. Deutsche, laktierende Kühe hatten einen durchschnittlichen Zitzenhaut-pH-

Wert von 7,19 bis 7,26. 
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Die Zitzenhautfeuchte neuseeländischer, laktierender Kühe fluktuierte zwischen 23,9 

und 39,8. Die Feuchte neuseeländischer, trockenstehender Kühe bewegte sich im 

Bereich von 23,0 bis 57,5. Die durchschnittliche Zitzenhautfeuchte deutscher, 

laktierender Kühe betrug zwischen 46,6 und 47,8. 

 

Die Zitzenhautmessungen beziehungsweise die Zitzenhautparameter wurden von 

der Umwelt beeinflusst. Die Zitzenhautfeuchte und die Temperatur der Umgebung 

waren, auf geringem Niveau, signifikant korreliert. Der Zitzenhaut-pH korrelierte 

signifikant mit der Umgebungstemperatur und der relativen Luftfeuchte. 

 

Ein Tageszeiteffekt auf die Zitzenhautfeuchte wurde beobachtet. Die 

Umwelttemperatur und die Zitzenhautfeuchte waren signifikant höher während der 

Nachmittagsmessungen, als während der Morgenmessungen.  

 

Das Melkintervall hatte keinen Einfluss auf die Zitzenhautfeuchte und den 

Zitzenhaut-pH-Wert. Die Anwendung eines Zitzendesinfektionsmittels, das Jod und 

eine Mischung aus Glyzerin und Sorbitol enthielt, erhöhte die Zitzenhautfeuchte 

signifikant. Diese Erhöhung konnte bis zu 16 Stunden beobachtet werden, nach 24 

Stunden war der Effekt nicht mehr bestimmbar. Der niedrige pH-Wert der 

Desinfektionslösung (3,3) hatte einen stark erniedrigenden Einfluss auf den pH der 

Zitzenhaut. PH-Werte bis zu 4,46 wurden gemessen. Dieser Effekt war bis zu 16 

Stunden bestimmbar.  

 

In einem Halbeuter-Kreuz-Versuch, mit sechs Zwillingspaaren, wurden sechs 

verschiedene Zitzendesinfektionsmittel in bezug auf ihre Zitzenhaut beeinflussenden 

Eigenschaften verglichen. Die Positivkontrolle enthielt die größte Menge Pflegemittel 

(Glyzerin und Sorbitol) und resultierte in höheren Feuchtewerten als alle anderen 

Zitzendesinfektionsmittel. Dieser Einfluss verlor sich jedoch über die Zeit und war 

nach 24 Stunden nicht mehr messbar. Die Konzentration des Pflegemittels in der 

Desinfektionslösung beeinflusste die Feuchte auf der Haut.  

 



 

 

194 

 

Das Zitzendesinfektionsmittel, das nur Sorbitol als Pflegemittel enthielt, verursachte 

geringere Feuchtewerte, als die, die Glyzerin enthielten. Produkte die kein 

Pflegemittel aufwiesen, hielten die Zitzenhaut nicht so feucht, wie Produkte mit 

diesen. 

 

Der niedrige pH-Wert der Desinfektionsmittel verursachte ein Absinken des 

Zitzenhaut-pH-Wertes. Produkte mit einem neutralen pH-Wert veränderten den pH 

der Zitzenhaut nicht. Behandlungen mit Mitteln des gleichen pH-Wertes verursachten 

vergleichbare Änderungen des Zitzenhaut-pH-Wertes. Es war nicht möglich die 

identischen Produkte ohne den Pflegemittelanteil in die Untersuchungen 

einzubeziehen. 

 

Die Beeinflussung der Zitzenhautflora durch die Zitzenhautdesinfektion wurde im 

gleichen Versuch untersucht, durch die Entnahme von Zitzenhautspülproben. Die 

Flora, die auf unbehandelter Haut gefunden wurde, entsprach der in der Literatur 

genannten. Dennoch wurde kein Effekt der Behandlungen auf die Anzahl der mit 

einer Bakteriengruppe besiedelten Zitzen gefunden. Die Verteilung der 

Bakterienarten über die Behandlungen und Zitzen erschien zufällig zu sein, bzw. 

spiegelte die Rekontamination der Haut während der Zwischenmelkzeit wider. 

 

In einem Langzeitversuch wurden 10 Zwillingspaare mit zwei verschiedenen 

Pulsationsarten behandelt. Die Gruppe, die mit der Pulsationsart ‚fast’ (mit 

dynamischer [b] Phase) gemolken wurde, zeigte signifikant höhere 

Zitzengewebefestigkeitsänderungen, als die Gruppe, die mit der Pulsationsart ‚slow’ 

behandelt wurde. Die Zitzengewebefestigkeitsänderungen nahmen im Verlauf der 

Laktationsperiode in beiden Behandlungsgruppen ab. Die ermolkene Milchmenge 

war signifikant korrelierbar mit der Zitzengewebefestigkeitsänderung in der 

Behandlungsgruppe ‚fast’.  

 

Die Pulsationsbehandlung konnte die Zitzenhautparameter Feuchte oder pH-Wert 

nicht signifikant verändern.  
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Weiterhin wurde der bakteriologische Status von Viertelanfangsgemelken untersucht, 

aber kein Einfluss der Eutergesundheit auf die Zitzenhautfeuchte, den Zitzenhaut-pH 

oder die Zitzengewebefestigkeit festgestellt.  

 

In einer weiteren Untersuchung wurde der Gesundheitsstatus auf der Ebene der 

Euterviertel von 253 deutschen Kühen mit der Zitzenhautfeuchte und dem 

Zitzenhaut-pH-Wert korreliert. Es konnte keine signifikante Korrelation der Parameter 

festgestellt werden. Die statistische Auswertung der Daten deutete an, dass 

Faktoren, wie Zeit, Betrieb oder Kuh die Zitzenhautparameter stärker beeinflussten, 

als die Gesundheit der Euterviertel. 

 

Die Bestimmung der Zitzenhautparameter Feuchte und pH ist relativ einfach mit den 

genannten Geräten und für die Kühe völlig unbelastend zu ermitteln. Allerdings wird 

die Haut von der Umwelt und anderen Faktoren erheblich beeinflusst. Deshalb ist es 

unabdingbar, diese Faktoren (Temperatur, Luftfeuchtigkeit, Einstreu etc.) während 

der Versuchsphase so stabil und kontrolliert wie möglich zu halten, um 

aussagekräftige Ergebnisse für die Feuchte- und pH-Messungen zu gewährleisten. 
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9. APPENDIX 

The formula of the impedance of the skin, defined as the total electrical opposition to 

the flow of an alternating current (2.2.3.4.1) is: 

 

Z = [Rx² + (1/2 π fCx)²]1/2 

 

Z = Impedance 

Rx = Resistance 

Cx = Capacitance 

f = Frequency of applied alternating current 

 

 

Definition of effective length for liners (2.3.3.2.1.2): 

The distance in mm between the mouthpiece lip and the lowest point in the barrel, 

where the opposing walls touch when a pressure of 50 kPa exists across the liner 

wall (mouthpiece plugged) (MEIN et al. 1983). 
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The following tables provide information about tested teat sanitiser products and their efficacy (examples only). 

 

Tab. 94: Summary of peer-reviewed research on efficacy of post milking teat disinfectants published since 1980 
(NMC 1998) 

Active ingredient(s) and 
concentration Trade name Manufacturer/ Distributor Type of study Efficacy against, Significance Reference 

Chlorhexidine (0.35%) Not mentioned H.B. Fuller Co., Monarch 
Division, Minneapolis, MN Natural exposure 

Sc. uberis 
C. bovis 
S. spp. 

(P < 0.01)  
(P < 0.01)  
(P < 0.005) 

OLIVER et al. (1990) 

Chlorhexidine 
digluconate (0.5%), 

glycerine 

Virosan Teat 
Dip & 

Chapless Teat 
Dip 

Bio-Ceutic Labs, Inc. and 
Anchor Labs, Inc., St. 

Joseph, MO 

Experimental 
challenge S. aureus (P < 0.01) HICKS et al. (1981) 

0.25% Iodine Not mentioned BASF, Wyandotte Corp., 
Wyandotte, MI 

Experimental 
challenge S. aureus (P < 0.05) PANKEY et al. 

(1983a) 

1 % Iodine Bovadine West Agro Chemical Co., 
Bedford, NH Natural exposure 

S. aureus 
Streptococci 
S. spp. 
C. bovis 

(P = 0.03)  
(P = 0.01) 
(P < 0.001) 
(P < 0.001) 

 
EBERHART et al. 

(1983) 

1% Titratable iodine, 
glycerine (10%) FS-103 X IBA, Inc., Millbury, MA Experimental 

challenge 
S. aureus 
S. agalactiae 

(P < 0.001)  
(P < 0.1) 

BODDIE et al. 
(1997) 

Lauryl sulfate, solubilized 
milk protein, and 
glycerine (4.8%) 

ALL DAY Ag Products, Syracuse, 
NY 

Experimental 
challenge 

S. aureus 
S. agalactiae 

(P < 0.01) 
(P < 0.005) 

PANKEY et al. 
(1985) 

Quarternary ammonium 
(0.5%) Tegragon Babson Bros. Co., Oak 

Brook, IL 
Experimental 

challenge S. agalactiae (P 

� ��� �� � �

 PANKEY and 
WATTS (1983) 

Sodium chlorite (0.64%) 
and lactic acid (2.64%) UDDERgold Alcide Corp., Norwalk, CT Experimental 

challenge 
S. aureus 
S. agalactiae 

(P < 0.001)  
(P < 0.1) 

DRECHSLER et al. 
(1990) 

Sodium chlorite (0.64%) 
and lactic acid (2.64%) UDDERgold Alcide Corp., Norwalk, CT 

Natural exposure- 
positive control 
(compared to 

Bovadine – 1% 
iodine) 

Not significantly different from 
positive control for 
environmental pathogens 

DRECHSLER et al. 
(1990) 
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Active ingredient(s) and 
concentration Trade name Manufacturer/ Distributor Type of study Efficacy against, Significance Reference 

Sodium chlorite (0.64%) 
and lactic acid (2.64%) UDDERgold Alcide Corp., Norwalk, CT 

Natural exposure-
positive control 

(compared to 0.5% 
iodophor teat dip) 

Significantly (P = 0.06) more 
effective than positive control 

against all pathogens 

POUTREL et al. 
(1990) 

Sodium hypochlorite 
(0.9%) Not mentioned Kendall Co., Boston, MA Experimental 

challenge S. aureus  (P < 0.01) PANKEY et al. 
(1983b) 

 

 

Tab. 95: Summary of peer-reviewed research on efficacy of pre-milking teat disinfectants published since 1980 
(NMC 1998) 

Active ingredient(s) and 
concentration Trade name Manufacturer/ distributor Type of study Efficacy against, Significance Reference 

Chlorhexidine (0.35%) Not mentioned H.B. Fuller Co., Monarch 
Division, Minneapolis, MN Natural exposure 

Major 
pathogens  
S. spp.  
Major & minor 
pathogens 

(P < 0.1)  
 
(P < 0.05) 
(P 

�

 0.05) 

 
 

OLIVER et al. (1994) 

Iodophor (0.25%) Bovadine II West Agro Chemical Co., 
Kansas City, MO Natural exposure 

Environmental 
pathogens 
Major 
pathogens 

(P < 0.05) 
 
(P < 0.05) 

PANKEY et al. 
(1987) 

Iodophor (0.1%) Pre-Vail IBA, Inc., Millbury, MA Natural exposure 

Environmental 
pathogens  
Major 
pathogens 

(P < 0.1) 
 
(P < 0.05) 

PANKEY et al. 
(1987) 

Sodium chlorite (0.64%) 
and lactic acid (2.64%) 4XLA Alcide Corp., Norwalk, CT Natural exposure 

S. aureus  
Sc. uberis 
Major 
pathogens 

(P < 0.05)  
(P < 0.05) 
(P < 0.01)  
 

OLIVER et al. (1993) 
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Tab. 96: Differentiating features of Gram-negative organisms (developed based on FARMER 1995 and personal 
communication BUNKER, D.E. (1999) (Fort Richard Laboratories Ltd., New Zealand) 

TSI Reactions 

Organism 

O
N

P
G

 te
st

 

In
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pr
od
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C
itr

at
e 

S
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O
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G
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n 

M
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C
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ke
y’

s 

M
ot

ili
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Escherichia coli + + - A(K) A + - +/- F - + +/- 
Klebsiella spp. + +/- + A A + - - F - + - 

Enterobacter spp. + - + A(K) A + - + F - + + 
Serratia spp. + - + A(K) A + - + F - + + 

Citrobacter spp. + - + K(A) A - + +/- F - + + 
Citrobacter spp. + + + K(A) A + - + F - + + 
Aeromonas spp. + +/- +/- A(K) A + - - F + + + 
Aeromonas spp. + + - K A +/- - - F + + + 

Pseudomonas spp. - - + K N +/- - - O + + + 
Proteus spp. - - +/- K(A) A - + + F - + + 
Proteus spp. - + +/- K(A) A +/- + +/- F - + + 

Acinetobacter spp. - - +/- K N -+/- - - -/O - + - 
Alcaligenes spp. - - +/- K N - - - - + + + 
Moraxella spp. - - - K N - - - - + - - 
Yersinia spp. +/- +/- - A A - - + F - + - 
Yersinia spp. + - - K A - - - F - + - 

Salmonella spp. - - +/- K A +/- + + F - + + 
Pasteurella multocida - + - K(A) A(N) - - - F + - - 

ONPG =  �-nitrophenyl-

�

-D-galactopyranoside 
Indole =  breakdown of tryptophan by tryptophanase in the production of indole with the addition of Kovac’s reagent 
Citrate =  Utilisation of citrate as the sole carbon source produces alkalinisation of the media 
TSI =   triple sugar iron agar 
Ornithine =  Ornithine decarboxylase transforms ornithine into a basic primary amine and CO2 
O/F =   oxidate or fermentative reaction 
Oxidase =  Para-aminodimethylaniline to detect oxidase production 
K =   Alkaline reaction (no colour change), A = acid reaction (colour change to yellow) 
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The subsequent tables provide information on cows that participated in trials in New 

Zealand. Days in milk (DIM), milk yield and mean SCC are given for the experimental 

period only. 

 

Tab. 97: Distribution of cows in relation to lactation and milk yield of Trial 1 
Cow Breed Lactation 

number DIM Average daily 
milk yield (kg) 

x SCC 
(*1000) 

437 Friesian 2 205 6.4 15 
438 Friesian 2 192 6.9 15 
1133 Friesian 5 198 7.0 229 
1134 Friesian 5 159 7.4 42 
1213 Friesian - Jersey 4 203 6.2 30 
1214 Friesian - Jersey 4 197 7.0 490 

x   192 6.8 137 
 

 

Tab. 98: Distribution of cows in relation to lactation and milk yield of Trials 2 
and 4 

Cow Breed Lactation 
number DIM 

Average 
daily milk 
yield (kg) 

x SCC 
(*1000) 

Milking 
frequency 

115 Friesian - Jersey 7 211 3.8 21 OAD 
116 Friesian - Jersey 7 255 5.3 34 TAD 
153 Friesian - Jersey 7 244 5.4 74 OAD 
154 Friesian - Jersey 7 252 5.7 22 TAD 
437 Friesian 2 254 2.8 37 OAD 
438 Friesian 2 241 4.9 25 TAD 
845 Friesian 10 244 3.5 76 TAD 
846 Friesian 10 221 4.1 35 OAD 
1119 Jersey - Friesian 5 246 3.0 36 OAD 
1120 Jersey - Friesian 5 221 4.7 48 TAD 
1213 Friesian - Jersey 4 252 3.8 72 OAD 
1214 Friesian - Jersey 4 246 5.8 355 TAD 

x   240 4.4 70  
 

 
Tab. 99: Distribution of cows in relation to lactation and milk yield of Trial 3 

Cow Breed Lactation number DIM 
116 Friesian - Jersey 7 Dry cow 
1214 Friesian - Jersey 4 Dry cow 
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Tab. 100: Distribution of cows in relation to lactation and milk yield of Trial 5 
Cow Breed Lactation 

number (DIM) Average daily 
milk yield (kg) 

x SCC 
*(1000) 

379 Friesian 4 20 23.8 18 
380 Friesian 4 9 26.8 17 
531 Friesian - Jersey 2 21 17.7 50 
532 Friesian - Jersey 2 31 15.5 26 
533 Friesian - Jersey 2 16 18.3 9 
534 Friesian - Jersey 2 17 19.3 11 
537 Friesian - Jersey 2 24 19.0 13 
538 Friesian - Jersey 2 47 17.8 15 
607 Ayrshire 1 18 13.1 17 
608 Ayrshire 1 21 8.2 42 
1215 Friesian 5 12 21.3 16 
1216 Friesian 5 31 19.7 19 

x   22 18.4 21 
 

Tab. 101: Distribution of cows in relation to lactation and milk yield of Trial 6  
Cow Breed Lactation 

number (DIM) Average daily 
milk yield (kg) 

x SCC 
(*1000) 

115 Friesian - Jersey 8 235 7.8 22 
116 Friesian - Jersey 8 218 8.3 29 
153 Friesian - Jersey 8 239 9.4 27 
154 Friesian - Jersey 8 230 10.1 17 
435 Friesian 3 245 10.8 25 
436 Friesian 3 215 11.7 20 
535 Friesian 2 230 7.7 30 
536 Friesian 2 273 8.2 32 
541 Friesian - Jersey 2 235 7.5 25 
542 Friesian - Jersey 2 251 7.1 34 
545 Jersey - Friesian 2 235 7.4 76 
546 Jersey - Friesian 2 238 6.8 35 
547 Friesian 2 241 6.9 20 
548 Friesian 2 265 7.5 23 
563 Friesian 2 236 8.0 29 
564 Friesian 2 194 8.7 280 

569 Dutch Holstein - 
Friesian 2 218 9.2 22 

570 Dutch Holstein -
Friesian 2 258 9.3 21 

1261 Friesian 5 247 10.1 117 
1262 Friesian 5 232 8.2 33 

x   237 8 46 
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Fig. 28: Frequency distribution of moisture in relation to udder health data 
(diagnosis) (Trial 8) 
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