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ABSTRACT 

The study involved work carried out over a period of 1 2  

months from April 1975 t o  March 1976 with the Town Milk Supply herds 

of the Manawatu Co-operative Milk Producers, Palmerston North. It 

could be divided into two parts. 

1 .  Bulk milk samples from all 7 2  herds of the Town Milk 
Supply. 

2 .  1 9  of the above 72 herds were selected for individual 

farm visits in May 1 9 7 5 , August 19 7 5 , November 1 9 7 5  and 

February, 1 9 7 6 . 

Information on somatic cell counts was obtained from bulk 

milk samples of the 7 2  herds; also from the individual cows and 

farm bulk milk from the 1 9  herds. Mean cell numbers for the 7 2  

herds was 4 30 , 000 cells per ml and the percentages of herds below 

2 5 0 , 000; between 2 5 0 , 000 and 500 , 000 and over 500 , 000 cells per ml 

averaged 2 1 , 4 5 . 5  and 3 3 . 5  and showed wide variation during months. 

The survey showed that there were marked differences from month .to 

month and the lowest average cell counts were in July 1 9 7 5  and 

highest in November and December 1 9 7 5 . On a between herd basis a 

relationship was demonstrated between milk yield; milk fat yield 

and total milk protein yield and herd bulk milk cell count (P� 0 . 0 1 ) . 

The analysis indicating a loss of . 6  litres in milk yield; 0 . 0 3  kg 

in fat yield and 0 . 0 2  kg in protein yield per cow per day for each 

increase of 2 5 0 , 0 00 cells per ml. Information from the 1 9  herds 

showed that the percentage of cows with clinical mastitis were 

lowest in May ( 1 . 9% )  and highest in November ( 2 . 6% )  and this 

difference was not significant between and within herds. 

The relationship between the herd bulk milk cell counts 



and the percentage of cows in the herd with less than 250 , 000 

cells per ml, 250 , 000 to 5 00 , 000 cells per ml and above 500 , 000 

cells was described and discussed from the 19 herds and the 

correlations obtained were -0 . 9 1 ;  0 . 5 7 and 0 . 9 5  respectively. 

A relationship between the herd bulk milk cell count and the 

incidence of clinical mastitis was reported (P<O.Ol). 

Linear regression analysis between the production 

index and cell counts of individual cows revealed a significant 

relation (P<: 0 . 01 )  which indicated that a decrease of 0 . 14 

litres of milk per cow per day for each 100 , 000 cells per ml 

increase. 

Chi square analysis indicated that there was a 

relationship between age of cows and level of cell counts; an 

increase in age was associated with an increase in mean somatic 

cell count of cows. 

Daily measurement of bulk milk cell counts for 19 herds 

for a month in May 1 9 7 5  and February 1976 showed an average 

coefficient of variation of 2 1% and 20% respectively. 
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CHAPTER ONE 

INTRODUCTION: 

The use of somati c  cell count ing systems for 

monitoring mastit is status of herds and the udder health of indivi dual 

cows is bei ng \>li dely accepted in many countries throughout' 

the world . The i ntroduction of new and improved methods 

now permits greater ease and accuracy in the determination of 

somatic cell counts . Milk somatic cells are comprised of 

leucocytes from the blood and epithelial cells from the mammary 

epithelium . 

Quarters that are inflamed c an be detected by 

measurements of the concentration of somatic cells in the milk 

or by the assoc i ated changes in the composition of the milk 

(e . g .  lactose, sod ium,et.) but infected quarters can be detected 

only by bacteriological tests . Although bulk milk somatic 

cell counts may not necessarily be an accurate indicator of the 

inc i dence of infected quarters (Postle et. al . ,  1 9 7 1 ; & 

Westgarth 1 9 7 1) the numbers of cells however do indicate the 

number of damaged udders in the herds (Pearson & Greer, 1974 

Reichmuth 1 9 7 5 ; Reichrnuth et . al . ,  1 9 76 ) . Hence the somatic 

cell count of a milk sample is a useful i ndex of both udder 

heal th and milk quality and most control programmes for abnormal 

milk are based o n  the l imits of 500,000 c ells pe r ml i n  milk 

(International Dairy Federation 1975 Publ ication on Mastitis 

Contro l . No. 85). 



The purpose o f  thi s  s tudy was to moni tor the 

cell counts o f  the 72 suppl iers of the Palmerston Nor th Milk 

Supply with the view o f  obtaining i nformation with regards to 

milk production and the inc idence of mast i ti s  under commercial 

f arming cond itions .  

2 .  



CHAPTER 'IWO 3 .  

REVIEW OF LITERATURE: 

2 . 1  INTRODUCTION : 

Inflanunation of the mi lk secret ing t i ssue of the bovine 

udde r , commonly re ferre d  to as mastitis, c auses a cons ide rable los s  

to the dairy indus try . A large body o f  survey data and analytical 

re sul ts is ava i l ab l e  from many countries that substant iate th i s  loss 

assoc iated with mast i ti s . Annual losses o f  1 2 5 - 150 m i l l ion k rone s 

have been estimated i n  Denmark ( O l sen , 197 1) ,�15-50 mi l l ion in B r i tain 

(We i tz , 19 7 1) ,  $ 365 - 660 mi l l ion in the U . S . A .  (Dobbins , 1977) and 

over $ 16 mil l ion in New Zealand ( Re ichmuth e t . a l . ,  19 76) . 

The ma jor losses due to mas titis re sult from ( l )  loss in mi lk 

product ion , ( 2 )  incre ased repl acement cos ts, ( 3 ) discarded milk , ( 4) 

drug cos ts , ( 5 )  ve te r inary fee s , ( 6) extra l abour and ( 7) loss o f  

gene tic potential . 

As mas titis is a dise ase of the udder , the milk from the g l and 

can be used to diagnose the disease . The re sul ts of cyto log ica l ,  

enzmatic ,  .biochemi c a l  and bacte riological analysis of milk wi l l  show the 

re sponses of the udde r to mas titi s . The International Dai ry Federation 

( I DF )  ( To l le , 197 1) have put forward a de finition of mas titis on the bas i s  

of the pre sence o r  ab sence o f  one or more abnormali tie s detec ted b y  

routine procedure s. The ca tegories are : 

"1 . Normal Udders 

are thos e  which show no outward s igns of a pathological condition 

and the milk from whi ch i s  free from pathogenic organi sms and has a normal 

ce l l  c ount . 



4 .  
2 ,  Latent In�ections are pre sent when the milk shows 

the pre se nce of pathogenic organ i sms , but nevertheless has a normal 

cell count . 

3 .  Subcl i nical Mas titis shows no macroscopic evidence 

of inflammation but examination o f  the milk reveals udder infection , 

and increased ce l l  count and also alterations in the chemical 

propert ies of the milk . 

4 .  Clinical Mastiti s : 

4 . 1: Acute Mas titis i s  pre sent when there are obvious 

symptoms of inflammation of the udder such as pain and swe l l ing . The 

milk i s  macroscopically abnormal and the animals may have a high body 

temperature . 

4 . 2 :  Sub-acute Mas titis is pre sent when there are no obvious 

change s in the udder but when there are pers i s tent clots e specially i n  

the foremilk. 

5. Non Spe c i fic or Aseptic Mas t i t i s  is pre sent when there is 

no recognisable infec tion and the symptoms may be subclinical .or c l i nical . 

Chronic Mastitis occurs when a quarter fails to re spond 

to tre atment over a period of t ime . The quarter may atrophy or show 

abnormal cl inical change s for the re st o f  the animal ' s  l i fe . "  

The most important criterion used i n  the above de f i ni tions i s  

the c e l l  count o f  milk . A thre shold value o f  more than 500,000 c e l l s /ml 

in milk from s ingle udder quarters is sugge s te d  as indicating that the 

ce l l  count is abnormal and that a diagno s i s  o f  mastiti s has bee n  

e stabl ishe d . 

Tolle ( 19 7 1 )  further e l aborate s on the de f i ni tion that 

" Mastiti s i s  an inflammatory change o f  the mammary g land which along 

V with physica� chemical and microbiolog i cal changes i s  characterised by 

an i ncrease of somatic cel l s , e spe cially leucocytes in the milk and by 



5. 

patholog ical change s i n  the marranary gl and . "  

The I DF de f i n i tion can be summarised as shown i n  Tab le 2 . 1.  

TABLE NO . 2. 1: As se s sment of Cy tolog ical-Bacterio logical findings 

in Mastitis Di agnosis . 

CELL COUNT PATHOGENIC MI C RO-ORGAN ISMS 

PER ML MILK NOT I SOLATED I SOLATED 

< 500 , 00 0  normal secre tion latent infec tion 

., 500 , 00 0  non- specific mas ti tis mas t i tis 

This de f init ion applies to the examination of quar ter milk 

samples take n at the us ual milking t ime from the foremilk after 

dis carding the firs t few squirts o f  milk. 

The main drawback of this de finition is that udde r infec tion 

is not de fined and th i s  has led to a variety of sampl ing methods and 

cultural procedures re s ul ting in conside rable confus ion in the diagno s i s  

o f  the disease. In fact , due to the considerab le variation in milk 

s ampling technique s  one is le ft wondering i f  the conclusions on mas t i t i s  

de f inition are not concl usions a ris ing from d i f fering sampl ing me thods . 

I n  conc l us ion , the diagnosis o f  mas t itis in l ac tating cows 

is currently based on 

l )  the c l inical examination o f  the udder and i ts secretion . 

2) the bacteriological examination of mi l k . 

3) the somatic ce l l  count of mi lk . 



6 .  

2.2 .  THE CLINI CAL DIAGNOS I S  OF MASTITIS : 

The diagno s i s  o f  mastitis by c l i ni c a l  means i s  the o ldest 

method used to examine udders for mas t i tis . S chalm et. al. , (197 1) 

described a method of phy s ically examining the l actating udder 

immediately after mi lki ng. They reported tha t  thorough evacuation 

of the udder is neces s ar y  since presence of m i lk reduces the chances 

of detecting s car t i s s ues and fibros i s. Here compari sons are made 

mainly between the fron t quarters with each o ther and rear quarters 

w i th each o ther. They a lso s ugges ted that the detec tion of mas t i t i s  

by manual palpations i s  becoming a l o s t  art . 

Giesecke & Van Der Heever (197 4) c i te the work o f  a number 

of scien t i s ts who regarded c l inical examination of the udder to be 

very usef u l  as it detec ted not on l y  acute condi tions but a l so 

permanent udder changes due to chronic mas t i t i s. Narayan & Iya 

(l954) showed that t i s s ue abnormal i ties could be detected by deep 

palpations of the udder. In contrastJGiesecke & Van Der Heever 

(1974) have reported work o f  others who recommended cl inical diagnos i s  

ma inly for acute mas t i t i s  and l aboratory tes t s  a s  supplementary methods 

and the reverse for chronic mas ti tis. 

Doubts have been raised about the efficiency o f  phy s i ca l  

examinations. Giesecke & Van Der Heever (1974) report the work o f  

Heidrich & Renk (1963) which showed that with few exceptions, the 

phy sical examination of the udder is inadequate for diagnos i s  of mast itis 

because quarters with no induration may be bacterio logically pos i tive. 

G iesec� & Van Der Heever (1974) noted that discrepanc ies between 

c hronic tissue alterations and the presence or absence of inflammatory 

changes in the udder seem to result from the fact that in some indurated 

udders epithelial les ions persist whereas in others they have healed. 

An incorrect positive diagnosis of mastitis may be made in udders i n  

which i nflammation h a s  subs ided and the quarters may b e  indurated rather 



than mas t i ti c . 

King ( 1974) usi ng c l inical examination by external 

palpation showed that quar ter s  wi th dis tinct or marked fibros i s  

7 .  

gave lower yie lds . The author s tated that the e ffe c t  on y ield was 

due to udder damage . 

The str ip cup represents another form o f  clinical 

e xami nation in which the foremilk is examined us ing a wire me sh 

scre e n  or a black plate p laced within the cup and the presence o f  

smal l  f l akes and milk c lots sugge st the presence of mas t i ti s . Neave 

e t . a l . , ( l9 5 4 )  reported that 12 - 1 3 %  of quarter s  showing clots in milk 

were not infe c ted with the more common pathogen i c  organi sms and hence 

i t s  reliab ili ty as an indication of infec tion is que stionable . However 

Gie s ecke & Van Der Heever ( 1974) report Brown & Bryan ( 1950)  and Merchant 

& Packer ' s  ( 1952) work that negative te s ts do not i ndicate absence of 

i n fe c tion . Thi s  there fore indicate s  that there may be instances whe re 

c lots occur in milk without ac tual i nflammation . 

F rom thi s discussion , clinical examinat ion of the udder can 

be c onsidered to be a very sub j e c tive technique depending on the 

e xper ience and j udgemen t  of the examiner . However when cons ide r i ng 

i ndividual farm conditions and dai ly e xamination o f  milk from 

i nd ividual cows by the f arme r , it is probably the only practicable 

me thod for diagnos ing mas ti tis . 

I n  the diagnos i ng o f  mastitis i t  i s  important to alert 

the dairy farmer of impend i ng c l inical problems be fore they be come fully· 

acute c l inical case s and as such clinical case s deve l op from sub c l in ical 

o ne s , more i mportance should be paid i n  the diagno s i ng o f  mastitis at 

sub cl inical level . Bacte rial assessment and somatic c e l l  counting 

are the two main daigno s t i c  criteria that are used for the asse s smen t  o f  

1 
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sub c linical mastitis . 

2 . 3  BACTE RIOLOGICAL DIAGNOS I S : 

Milk freshly drawn from a quarter which is infected 

con tains micro-organisms which may have entered the milk eithe r 

during milk or during the intervals be tween milking ( H ammer & 

Babe l , 1957 and S chalm et . a l , 1 9 7 1) As intrammary microbial 

infection is one of the ma j o r  caus e s  of mas titis in dairy cattle it 

can be diagnosed by the recove ry o f  causative pathogens from milk 

sampl e s ,  which is done by using cul turing techniques to identify 

the different bac teria . The National Mas titis Council Publication 

(Brown e t . al . ,  1969) ; the I nternational Dairy Federation pub­

lic ation ( Tolle , 19 7 1) and Schalm et . al . ( 19 7 1) de scribe some 

o f  the bacteriological methods that are commonly use d . 

Bacteriological methods are advocated for diagnostic 

purpo ses because 90% o f  mas titi s o f  economic impor tance is due to the 

main pathogens , S taphylococcus aureus , Streptococcus agalactiae , 

Streptococcus dys galactiae and S treptococcus uberis , (Neave , 1975) ; 

and the mos t  common methods detect the se bacteria only . The se bac te ria 

have bee n called ' primary mas titis pathogens ' .  and the intramammary 

infec tions which the se organisms are re sponsible for as ' primary 

infe c tions ' .  The othe r bacte ria such as coagulase - negative 

staphylococcus ( e.g . Staphylococcus epidermis) ,  micrococci and 

corynebacterium have been re ferred to as ' secondary infections ' .  As 

the terms ' primary ' and ' se condary ' could imply sequence rather than 

severity of in fection of e conomic importance , thes e  are gradually being 

repl aced by the terms ' ma j or ' and 'minor' re spectively ( Griffin e t .  

al . , l977) . 

A Danish inves tigation of '2 year s ( Klastrup , 1 9 7 5) in contrast 

to. Ne ave ' s ( 19 7 5) report that 90% of the mastitis is caused·by the 

primary pathogens , s?owed that the primary pathogens were pre sent in 

about 5 7% of the affected quarte r s . Pearson & Gre e r  ( l9 74)observed in their 



study that 80% o f  the pathogens were primary and 15% were secondary . 

In o ther words , the principal c r i teria to be satis fied o f  bacter io­

logical e xamination seems not to be fulf illed in all environmental 

circumstances .  Also dif ferent s ampling technique s could be 

respons ible for d i f ferent results . I n  New Zealand , s taphylococc i 

9 .  

and the s treptococc i have been repor te d to be � commonly assoc iated 

with abnormal udde r s , Rapid Mas ti ti s  Te s t  po s i tivity and h�gh somatic 

cell count than other bacteria , (Elliot , e t .  al . , 1976) . 

The aim i n  bacter iologi cal asses sment i s  to obtain a milk 

sample free of contamination by e xtraneous organisms . Precautions 

must be taken when milk sample s are drawn so that bacte r ia do not enter 

the milk from e.xtraneous source and render it unsui table for diagnostic 

purposes . A reliable method for determing whether pathogens are der ived 

from an i ntramammary source is by s ampling through the teat wall by 

punc ture ( Neave , 1 9 75 ) . 

not very practical . 

However on commerc ial herds this method is 

The pre sence o f  micro-organi sms doe s  not nece ssar ily 

i ndicate an infection of the udder tissue . The teat or i f ice , the skin 

and the teat canal may all ye ild organ isms that are not ne cessar ily 

associate d  with any overt inflammatory proce ss and hence do not 

nece ssar ily i ndicate thei r  presence in the c i s te rn or udder tissue 

(Munch-Pe ter son , 1 9 7 1 ) . Earlier Newbould & Neave ( 1965) had 

demons trated that the pre sence of organ isms in milk might not indicate 

an infection o f  intramammary s ource unle s s  the milk sample also contained 

a s igni f i cantly h i gher number of cells than that found in a normal quar ter 

of a c ow .  From thi s  i t  should be recognised that the recove r y  o f  mastitis 

pathogens or any o ther micro-organisms from milk taken aseptically doe s  

not ne cessar i l y  indicate that they are o f  intramammary origin . Thi s  has 

led to c on fus ion about bacter i ological diagnosis and e f forts to develop a 

worki ng de f ini tion o f  infe c ti on. 
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At the International Dai ry Federation Seminar on Mastitis 

Control 1 9 7 5 , a system based o n  b acteriological te s ts was proposed by 

Neave , ( 1975).  He showed that when the teat duct i s  colonised many 

foremilk s amples w i l l  be heav i ly contaminated ,  however when the te at 

ends are scrubbed for 15 - 2 0  seconds with e thanol ( 70 - 80%) , 

76- 98% o f  the samp l es showed no evidence o f  contamination by bacteria 

from the teat canal i n  0 . 0 5  mls of plate d  milk . Neave further points 

out that if an e f f ic ient teat dip is used regularly i t  w i l l  halve the 

number o f  samples yielding pathogens from uni nfected quarters ; where 

a teat d ip is not regularly used it is advisable to i ntroduce one for 

at least a week before tak ing any foremilk samples . However the s e  

procedur e s  do not complete ly overcome the problem o f  teat canal 

infection s , since dipping solutions do not pene trate the whole length 

of the teat canal ( Davi s , 1 9 3 5 ) . G iesecke and Van der Heever , ( 19 7 4 )  

report the work o f  B i rkner , ( l964) and He ndr ich , et . a l . ,  ( 1964) in which 

the bacterial content of samp l e s  collected aseptical ly via the teat canal 

was compared wi th that of gland cistern s amples taken via canulae ; i t  

was found that lOO% of the te at sample s , but only 6.5 % o f  the ci stern 

samples showed bacterial growth . G iesecke , et . al . ,  ( 1 968) s imilarly 

showed s i gnif icant differences between bacteriological findings in 

sample drawn aseptically via the teat canal and those drawn directly from 

the glan d  cister n . From the se and recent f i ndings o f  Black , e t . al . , 

( 1 972 ) i t  can be seen that presence of bacter ia. from aseptica l ly 

col lected s amples via teat can a l  may more frequently be associated with 

infection of the teat canal rather than udder infection s . 

The diagnosis of teat canal infections i s  not ye t sati s ­

factori l y  achieved although research in South Afr ic a  by Giesecke , ( l975) 

sugges t s  a method of solving the problem us ing a monovalent radial 

immunodif fus ion tes t  based on the immunodi f fusion of bovi ne serum albumin 

in agaro se containing antibovine albumin serum . 
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Neave , ( 19 7 5 )  reported that his system of mas titis diagnosis 

confirmation of infe c tion require d isolation of the primary pathogens 

from 2 consec utive s ample s taken a week apar t .  More recently this 

criterion has been modified by Grif fin , et . al . ,l977)  who proposed 

that quarters should be considered infected if the maj or pathogens were 

found in 2 out of 3 s amples .  Quarters diagnosed as infe c ted by this 

method usually give rise to a marked increase ( � 10 fold) in somatic 

ce lls indicating inflammation (Neave , 1975) . However cell counts 

fluctuate quite widely at e ach sampling period and Neave doe s not t ake 

them into c on sideration in the diagnosis o f  mas titis . Giesecke & Vilj oen , 

( 19 7 4) r ep ort that infections o f  the te at duc t can re sult in a leu­

cocytosis in the milk and because of thi s  about half the udde r quar ters 

classed a s  infected by I . D . F . ( Tolle, 1971)  de finitions are in fact te at 

duc t infec tions . This implies that a quarte r with a te at canal 

infec tion which doe s not c ause a s ubsequent incre ase in c ell count , would 

be c l as s i fied as an abnormal quarter under the I . D . F .  de f inition . 

However Gie se cke (1 9 7 5 )  considers such condi tions as ' irrelevant ' teat 

canal inf e c tions . 

The suitability of the I . D . F . ' s  own de finition ( To lle , 1 9 7 1) 

for meas uring intrammary in fec ti ons and assessing levels of infec tion has 

been ques tioned by Neave , ( l9 7 5 ) , since infe c ted quarte r s  can pass through 

the de finitions ' sub clinical' , ' latent' , ' clinical ' ,  and even ' non­

specific' in the course of a few weeks . From this de finition , quarters 

that do not show outward signs of a pathological condition , whose milk i·s 

free f rom pathogens , or having a cell count 500 , 000 cells/ml are considered 

normal . .  

In the I . D . F .  Bulle tin document 85 , Griffin , ( 19 7 5 )  reported 

the results showing the repeatability of different methods measured over 
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1 2  weeks . When using bacteriological me thods alone the repeatabili ty 

for quarter s  asse s se d  as infec ted was 89% , for quarters a s se s sed as non-

infected 9 6 % , and for all quarters 95% . Us ing a cell count threshold 

of 800 , 00 0  c e l l s/ml the repeatabi l i ty of quarters above threshold was 

73% , for quarters below thresho l d  87% and for all quarte r s  85% . Whe n 

the cell count thre shold was reduced to 5 00 , 000 ce l ls/ml then the 

respe c tive repeatabi l ity values we re 77%, 8 3 %  and 81% . 'Repe atabi l i ty 

value s  using the I. D.F. de fini tion ( Tol le , 197 1 )  were as follows : -

Quarters showing normal reac tion 74 % ,  'non-spe c i fic mas t iti s' 4 l% , ' latent 

infection' 20% , ' mastitis ' 80% and for a l l  quarters 78% . The data 

mentioned s how that bacterial me thods alone gave results that are least 

likely to result i n  fal se conclus ions and cel l counts . Thre shold method 

is better than the I.D.F. method which combine s  bo th ce l l  count and 

bacteriological methods . 

A number o f  worker s ( Phi lpot , 1969; Kingv;e l l  e t . a l .  (1970) Ward 

and Schultz 1972 and Natzke , e t . al . �972) depend mainly on two consecutive 

samples to be bacteriologically positive as evidence o f  i n fe c tion , but 

desp ite the ir e l aborate methods of prepar ing teats prior to sampl ing they 

may inevi tably be recording streak canal infec tions as i n fe ctions of the 

udder . Pearson , et . al . ,  ( 1971 )  a nd ( 1974 ) suggest that as in the 

de finition of the I. D. F .  ( Tolle , 1 97 1 )  that i t  is perhaps preferable to 

discard the firs t 10 to 1 5  mls o f  foremilk and use as the testing sample 

the milk which fol lows . The reason for this according to them i s  to 

flush out the streak c anal bacter i a  and hence reduce the number o f  teat 

canal i n fe ctions that are recorded as udder infections . Pearson , et .  al . ,  

( 19 7 4 )  base d  the i r  de f inition o f  i n fec tion on Cali forni a  Mastitis Te st 

reactions of 2 or greater on s ingle sample s combined wi th bacterial 

iso l ations of at least 26 colonies pe r 0 . 05 mls of mi lk . The s ub-cl inical 

form of the mastitis accordi ng to Pearson , ( 1975 ) involve s critically 

the inclusion o f  strong cellular reactions using the C al i forni a  Mas t i tis 
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Test but bacterial isolation on its own is not considered to be 

adequate. 

Whilst the primary pathogens are commonly regarded as 

pathogenic, there is some suspicion that the secondary pathogens such 

as coagulase negative micrococci and coynebacterium bovis may be 

involved in some cases of mastitis (Blackburn, 1969 ; Holrtlb2 rg, 1973 ; 

Bramley, 1 9 7 5  and Eberhart 1975 ) . Tj de Vries (1976 ) al�o points out 

some communications, most of them originating from veterinarians that 

state special cases of mastitis could be caused by corynebacteria. 

Bramley ( 1975 ) reports that these organisms are capable of producing 

a mild degree of udder irritation, which is evidenced by slight 

leucocytosis and also probable reduction in milk yield. Overall 

little is known of the secondary pathogens yet their significance to 

mastitis should not be disregarded as Neave's (1975 ) report has done. 

In a recent publication (Reichmuth et. al. 1976) noted that the presence 

or absence of organisms in the milk sample conveys little information 

as the presence of pathogens which do not overcome the protective 

mechanisms of the udder will not necessarily indicate a disease. 

In conclusion, some of the differences that are associated 

with bacteriological assessmentareilieto the variability in the methods 

of sampling and many workers take more account of bacterial isolations 

than they do of the cytological changes. However, Neave ( 1975 ) 

criteria does offer an approach but no mention is given to teat canal 

infection which may play an important part where bacterial isolation 

may be streak canal infection and not associated with udder damage. 

Probably one of the biggest limitations of bacteriological diagnosis is 

that it has the ability only to discover the more specific mastitis 

pathogens like the primary pathogens, but other organisms have been shown 

to be responsible for mastitis and some are increasingly becoming impor-. 

tant. 



2 . 4  SOMATI C  CELL COUNT ING : 

2 . 4 . l  TYPE AND OCCURRENCE OF SOMATIC CELLS IN M I LK : 

The number o f  somatic ce l l s  in mi lk i s  wide ly use d  as 
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a bas is for de f ining milk abnorma l i ty both in individual cows s amp l e s  

and in bulk milk . The func tional state and health o f  the mammary 

g l and from whi c h  the milk i s  drained can be me asured by its cell 

conten t ( To l l e  e t . al . , l9 7 l ) . 

The two type s of ce l l s  pre sent in mi lk are the epi the l ia l  

c e l l s  from the udde r and l eucocy tes f rom the blood ( Zlotnick , 194 7 ) . 

Epi the lial c e l l s  are derived from the mammary duct and 

ascini as a result of normal bre akdown and repair during milk secre t ion 

or tissue i njury ( Schalm et . al . ,  1 9 71) and also probably due to 

( premature ) regre s s ion o f  the udde r ( Gie secke & Van de r Heever 19 74) 

Epi the l ia l  c e l l s  generally increase in l ate l ac tation due to regre s s ion 

of the gland or as a consequence of inj ury due to mastitis ( Wright , 

1 9 7 7  and Schultz , 1977) . Estimate s o f  the pe rcentage o f  ce l l s which 

are of epi the l i al or igin in a mi lk s amp le are highly variabl e ,  being 

in the range of 35 - 70% in mos t  reports ( S chultz , 1 9 7 7 ) . Normal 

milk has reported leve l s  of 65 - 70% , chronic mastitis milk approximately 

50% , and more severely mas t i tic milk lower leve l s  ( 10 - 4 5 % )  due to di lut ion 

with leucocy te s from the blood ( S chalm e t . al . ,  19 71 and S chultz , 1 9 7 7 ) . 

Leucocytes are o f  5 d i s t inct morphologic type s , ( i )  basoph i l s , 

( i i )  eosinoph i l s , ( i i i )  monocytes ( iv )  and neutrophil polymorphonuc lear 

( PMN) leucocytes all of which fun c t ion as phagocy te s and protect the hos t  

from infectio us diseases ( Merchniko f f , l905 ) and (v)  lymphocytes that are 

nonphagocyte s and comprise B & T ce l l s  that function in humoral and 

cell mediated immuni ty ( Paape & We rgin , 1 9 7 7 ) . Cullen ( 19 6 6 )  reports 

that lymphocytes and monocytes increase cons ide rably more wi th in­

f l ammation than do PMN - leucocyte s and are characte r is ti c  of more chron ic 
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les ions . However in the l actating g l and inflammation i s  unique 

i n  that produc t s  of inflammation enter the milk and are readily 

ava il able for s tudy . Of importance here to inflammation o f  the 

udder is generally a s igni fican t  incre ase in the leucocyte s o f  

which neutrophi l  polymorphonuc lear ( PMN) leucocyte i s  predominant 

( S chalm et. al . , l9 7 l ) . In thi s  regard Schalm et . al . , ( 19 7 1 )  

cons ider milk t o  be normal even with re latively high c e l l  counts 

provided the PMN - le ucocyte remain be low 1 2  per cent . Further 

S chalm e t . al. , ( 19 7 1 )  s ugge sts that the term leucocyte count should 

be conf ined to the number of PMN- le ucocyte only and for conve n ience 

all other cel l type s should be re ferred to as mononuc lear c e l l s . 

Wai te & Blackburn ( 19 5 7 )  have no ted a close re lationship 

between total cell count and the number of PMN-leucocyte s i . e .  po}y­

morph count = 0. 75 x total cell count - 74 , 00 0  and Re i chmuth ( 197 5 )  

cons iders thi s  corre l ation essential for the interpretation o f  the 

total ce l l  count as a s ignal of infl ammation . 

One of the basic host re sponses to injury or bacterial 

i nfection is the re lease of chemotatic fac tors that draw the PMN 

leucocyte from the blood i nto the are a of in j ury . Thi s  i s  accomp l i shed 

through the process o f  diapede s i s  and chemotaxi s  ( Schalm , 1 9 70 and 

Schalm e t .  a l . , 1 9 7 1 )  . Complement components s uch as C3a , CSa , and 

C 56 7 , serum factors and bacteria or the ir toxins , acting s i ngly or 

in complexe s  f unctions as chemotatic agents ( Schalm , 19 7 7 ) . Once 

the proces s  of PMN leucocyte emigration is set in motion in mas ti tis , 

i t  continue s long after the irri tant has been neutrali sed or removed . 

Jain et. al . , ( l 9 7 2 )  no ted that i t  i s  poss ible that leucocytes could 

themse lves participate in an autocatalytic fashion in perpetuating 

leucocyte emigration into the milk . I t  is postulated that inhibators 

o f  inflammation eventually come into p l ay , leading to re covery ( Schal m , 

1 9 7 7 )  . The e xtent o f  ti s sue injury i s  important as i t  de termine s the 
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time it would t ake for the animal to r e sume normal secretion o f  

m i lk . Thi s  inflammatory response of leucocytes is an attempt on 

the part of the gland to overcome the attack by mirco-organis ms and 

if succe s sful w i l l  cause a return to normal. I f  it fails there 

w i l l  be a reduction in the performance of the secreting tissue with 

a resulstant fall in milk yield, accompanied by changes. in com­

position. 

2 . 4 . 2  INTERPRETATION OF SOMATIC CELL COUNT: 

In the interpretation of somatic cell count, it is important 

to know the origin of milk samples and the factors which may effect 

nwnbers of somatic cell levels in a milk sample. 

l. ORIGIN OF SAMPLES For carrying out somatic cell 

counts in milk, samples may originate from the following 

sourc e s .  

(i) Quarter Samples:- Here foremilk samples are usually 

used though occasionally whole quarter milk samples are 

taken. Reitchmuth (1975  & 1 9 7 6 )  reports a correlation of 

0.86 between total and foremilk counts for quarter milk 

s ample s .  This ind icate s that the additional effort in 

collec ting samples representing the whole mi lk from the 

quarte r  only increases the reliability of the in formation by 

14%; The IDF de f i ni tion pre s ented earl ier makes use of 

foremilk samples to indicate inflammation (Table 2.1). 

( i i )  C ompos i te Udder o r  Cow S ample s : - The se are pooled 

or compos i te quarter samples that are col le c te d  in the course 

of mi l king . A convenient way to identify the s e  cows i s  to 

de te rmine the somatic cel l  count by the system o f  herd 

testing that i s  used for individual cows . 
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From this i t  i s  reali sed th�cow samples can be eas i l y  

obtained and that c e l l  counts can be used t o  detect the wors t  cows 

in the herds and depict the mas titis s ta tus of the herd. I f  the 

samples are taken o n  a number of occasions through a lactation , 

greater pre cis ion i s  obtained . 

( i i i )  Bulk Milk Sample s : - Cell Counts in bulk mi lk are be i ng used 

by regulatory agencies as an indicator o f  milk quality and to moni tor 

the masti ti s  status in herds . The bulk m i lk of the herd i s  the 

economic output that is s en t  to the dai ry plant and it can be used 

as a diagnostic cr i teria repre senting the whole herd . However i n  

small herds , one high cow c a n  have a di sproportionate e f fe c t  on the 

ce l l  count in bulk mi lk and in l arge herds the mi lk of several bad 

cows can be dil ute d  out to acceptable l e ve l s  in the bulk tank . 

Hoare , ( l976 ) showed in a 3 0  day trial where 3 cows with subc l i nical 

mas titis produced 5 1% of the total cel l s  i n  the bulk mi lk from a 20  cow 

herd. The use of geome tric means in s uch a condi tion is gener a l ly re-

commended. Howeve r  Re ichmuth , ( 1 975 ) in h i s  analy s i s  of 21 , 00 0  herds 

where le ss than 4% contained more than 15 cows showed that the 

Ari thme tic mean was only 4 . 3% higher than the Geome tr ic mean. Booth , 

( 1975 )  too , repor ts that maj ority o f  herds according to h i s  e xpe rience 

had a r i thme tic mean which was within 5% of geometr ic mean . So work i ng 

with arithme tic mean i s  not always wrong for bulk mi lk but much depends 

on the rate at whi c h  i ndividual cows wi th extreme cel l  counts contribute 

to the bulk milk c el l  count . 

2. FACTORS INFLUENCING SOMATIC CELL COUNTS: 

I t  i s  logical to expect var i ation in cel l  counts from day 

to day or milking to milking because the l actating mammary gland i s  

a ver y  active metabolic organ. Poss ibly the greate s t  influence on o 

0 
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cow compos ite and bulk mi lk cell count i s  the type , s tage and 

degree of infe ction . The re spons e  to infection is generally 

a s i gn i f icant increase in the leucocy te s and a smaller parallel 

increase in epithe l i al ce l l s  ( Schalm e t . al . ,  1 9 7 1 ) . 

Natzke e t . al . , ( 19 7 2 )  using the pre sence o f  bacteria 

in two cons ecut ive s amples to indicate infe c t i on showed that the 

average c e l l  count o f  cow compos i te mi lk s amples to be 2 14 , 000/ml 

for cows uninfected at the t ime of samp l ing and for each infe c te d  

quarter there was a n  approximate doubl ing o f  c e l l  counts o f  

compos i te milk . ( See Table 2 . 2 . ) 

TABLE 2 . 2 :  Average somatic ce l l  counts for compos i te milk samp l e s  
in re l a tion t o  the numbers o f  quarters infected . 

No . of quarters 
infe c te d  

0 

1 

2 

3 

( Natzke�t.al , 1 9 7 2 ) . 

Ce l l  Count ( lo3 cells/ml) 

2 14 

5 0 7  

7 0 1  

1470 

E arl ier the International Dairy Federation meeting o f  1966 

i n  Mun i ch ( Kastl i , l9 6 7 )  re sulted in 14 countries propos i ng that fore-

milk s amples collected at normal milking and in mid-lactation s hould be 

less than 300 , 000 c e l l s/ml and 5 countries propos ing 300 , 000 - 5 0 0 , 00 0  

cells/ml o f  milk as be ing normal . Finally a threshold value of more 

than 5 0 0 , 0 000 ce l l s /ml was accepted by the I DF indicating abnormal m i lk . 

Ward & Schul tz (197 2) in a s tudy i nvolving 8 74 quarters w i th 

a quarter milker and sampled for type o f  bacteria. reported the ce l l  

counts o f  milk (See Table 2 . 3 ) . 
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TABLE 2. 3 :  Somati c Ce l ls i n  milk from quarters with various 
type s of bacteria . ( Ward & S chultz 19 7 2 ) . 

Bacteria Ce l l  Count ( ce l ls/ml ) 

None 3 1 0 , 000 

S treptococcus agalactiae 

S trep tococcus uberis 

Staphyl ococcus aureus 

Coagulase negative s taphy lococcus 

Micrococ c i  

None . (previous c l inical 
mas ti tis ) 

900 , 000 

16 30 , 000 

1500 , 00 0  

1430 , 000 

360 , 00 0  

600 , 00 0  

They further reported that there was a marked ir,crease ·tn 

c e l l  re spons e  in quarters wi th a previous h i s tory o f  cl inical 

mast itis . In fact for those quarters with no organ isms , mean cel l  

count was 600 , 000 ce l l s /ml i f  there had be en a prior occurrence of 

c l inical mastitis . From this data it i s  concl uded that pathogens 

cause the greate s t  ce l l  response but the re is variation in the 

re sponse to the di f ferent pathogens and that previous mast i t i s  

infections although c le ared , c a n  cause ce l l  counts to b e  maintained 

at h igh l e ve l s . Though diffe rent bac teria can cause di fferences 

in cel l  counts these authors did report a decrease i n  milk yield 

with e l evated cel l counts thus indicating abnorma l i ty in the 

quarters . 

Heeshen , ( 19 7 5 )  and Rei chmuth ( 19 7 5 )  using dis criminatory 

analy s i s  s e lected s i x  p arame ters ; sodium , potass ium , chloride , l ac tos e , 

whey - N and quarter y i e ld which together w i th cel l  count they formed 

a seven dimens ional sys tem .  They showed that up to a c e l l  count o f  

100 , 000 c e l ls/ml al l par ameters move in para l l e l  but from 100 , 00 0  t o  

150 , 000 cel ls/ml the s l ope s o f  the se parameters change . The c urves 



20 . 

300 

� 
Cl) � .... 
C0 200 :3 

d -
0 .... 
Cl) -e 1 oo 
:3 
z 

0 

F I G . 2 . 1 :  · The ce l l  count i n  rel ation to di ffe rent milk 
components and quanti ty o f  mi lk de l i vered 
(n = 2 6 36 quarter milk s ample s ) . Heeschen ( 1975 ) . 

1 04 2 

200 

c 

z 
E 2 1 00 
Cl) 

(/) ' 
CO z 

PofasSi�m- - - - - - - � _ 

- · - · - .  - -
Serum - -
Chloride 

- -
·

- - · - - · - - · -

Sodi um 

- - - - - - - - - ---
... 

- ---
.
.
. 

....... 
·

·
• · ·· · · · ·  

:.>..- ·  
· · · · · -- .... 

. . ..... ·:..:..· -.: Lactose 
.,.,. . ... .,.. . ··- .. . -.. � � �  

�
� � � �  1 

kg m i l k  

" Cl)  
C3 

5500 tJ 
j 

o���---L--��-L-------�---�----�---��----� 4ooo 
1 ()4 5 5x 1 06 

Somatic ce l l  count/m! 



for sodium , whey-N and chloride r i se while quarter milk yield , 

potass ium and lactose fal l . 

2 1 . 

I f  the r is ing l ine of frequency di stribution o f  cel l counts 

( Fi g  2 . 1 ) is assumed to be an approximation o f  a gausian be l l -shaped 

c urve with i t s  mode at about 15 0 , 0 00 cel ls/ml the re is a two fold 

s tandard dev i at ion rang ing to about 5 0 0 , 000 c e l l s/ml of toremi lk . 

Based on this data , the d e f i ni tion o f  mas titis according to Re ichmuth 

( 19 7 6 )  should be the condi tion of the manunary g land such that " there 

has been an e vocation of the cytolog ical de fence mechanism wi th a 

conseque nt rise in somatic cell leve l  to above 150 , 000 cells/ml ." 

Linze l , ( l976)  r e ported that quarters that had high cel l counts ­

and repeatedly shed bacteria had lower lac tose and po tas s ium but higher 

sodium and chloride concentrations than the unaffected quar ters of 

the same cows . 

Re i chmuth ( 19 7 5 )  has also repor ted the probab i l i ty o f  

bacteriological detection by quanti tative cytological e xami nation 

( se e  Fig . 2 . 2 ) Above a c e l l  count o f  200 , 0 00 ce l ls/ml the probab i l i ty 

increase s .  

The corre lation between somatic c e l l  count and the 

inc i dence of mastiti� in herds have varied from figure s of 0 . 5 2 

( We stgarth 1 9 7 1 ) , 0 . 50 ( Postle e t . al . ,  1 9 7 1 )  to 0 . 88 and 0 . 96 

( Pe arson e t .  al . ,  1 9 7 1 ) . This wide d i f ference primarily due to 

d i f ferent de f initions of mas titi s .  Thus We s tgarh ( 19 7 1 )  and 

Postle et . a l . ,  ( 19 7 1 )  based their de finition of infection on bacterial 

isolation and with no re ference to cel lular components whereas Pear son 

e t . al . ,  ( 19 7 1 )  based the ir results on ly on cel l s  and cel lular 

reactions wi th no reference to bacte riological detection . Pears on 

& Greer ( 19 7 4 )  us ing d i f ferent combinations o f  cellular reactions and 

degrees of b ac terial isolation from milking quar ter s  reported that 
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correl a t ion o f  0 . 7 1 to 0 . 88 between herd s omatic cel l  counts an d  

the inc idence of mastitis . 

The re lationship be twee n  mi lk y i e ld and ce l l  count have been 

we l l  documented by a number of workers ( Forster , l964 ; Daniel & F i e lden 1 9 7 2 ; 

Pearson 1 97 l j Ward and S chul tz , l 9 7 2  and Sendelbach e t . al . ,  1 9 7 6 ) , 

s howing that increased s omatic cell count i s  associated wi th decreased 

milk y i e ld . 

It is apparen t from this discus s ion that there is a ge neral 

lack of understanding and agreement about conclusions to be drawn from 

cell c o un ts . Neverthe less there i s  subs tantial data to indicate 

that reg ardl e s s  o f  whe ther o r  not high c e l l  counts are caused by 

infe c t ive organ isms or not the y  are assoc iated with reduced milk yield . 

This together wi th change s i n  milk compos i t ion i ndicate s  that there is 

s ome di s turbance i n  the mil k  s e cretory t i s sue ; ce l l  number s  i n  milk 

should there fore be cons idered as a me asure o f  the i ntegr i ty o f  secretory 

t i s s ue . For secre tory ac tivity mas titi s  i s  probably the mos t  importan t 

facto r  c ausing dis turbances i n  the se cre tory tissue . .  

LACTATIONAL FACTORS : 

( i )  Stage o f  Lactation 

It is generally agreed that the somatic c e l l  count is high 

i n  colos trum but s oon decre a s e s  and remains low for the first few weeks 

after which i t  gradually increases unt i l  the end of lactation (Cullen , 

1966 ; S chalm et 7 al . ,  197 1 ) , MacLeod and Anderson ( 19 5 0 )  showed that 

in healthy cows the ce l l  counts dropped from 1 , 0 00 , 00 0  cells/ml to 

7 0 , 0 00 c e l ls/ml in the f irst three weeks of lactation . The average 

cell c ount according to Wai te & B lackburn ( 1975 ) was l owe s t  and least 

variable from day 7 0  to day 1 3 0  o f  lacta tion . The reported increase 

in c e l l  counts i n  the beginn ing of lactation i s  due to the presence of 

l arge amounts of epithelial cel l s  anQ P� ( Cullen 1 9 6 6 ) ; Table 2 . 4 .  

I 
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TABLE 2 . 4 :  Cel l  Counts in Normal Milk (mi l l ions/ml ) ( Cullen 1966)  

Stage of Epithe lial Polymorphs Lymphocyte s No . o f  
Lac tation Ce l l s  Samples 

Colo strum ( 0 .  5 day s )  1 . 19 2 . 2 8 0 . 7 2 44 
Early ( 5  days-8 wks )  0 . 14 0 . 14 0 . 09 40 
Mid 0 . 1 2 0 . 10 0 . 0 5 84 
Late last 4 wks 

. 8 5 
be fore drying 

. 28 . 5 9 36 

B lackburn ( 1966 ) reported that the increase i n  cell count at 

the end o f  lactation i s  probably due to the shedding of epithe l ial 

cells from the alveo li into the milk dur ing the course of involution 

of the udder .  Thi s  together with the de creasing volume o f  mi lk 

towards the end of l ac tation results in the e xaggeration in ce l l  numbers 

in the s ma l ler volume of milk ( Schalm et . al . ,  1971) . 

Natzke e t . al . , ( l9 7 2 )  us ing the presence of bac teria i n  two 

consecutive sample s  as indicato r  o f  in fec tion showed that i n  late lactation 

uninfected quarter s did no t nece s s arily show elevated ce l l  counts i n  

compos i te udder milk . Th i s  c on f irmed the sugge stion o f  Schalm & Lasmanis 

( 1968)  that the i ncrease ce l l  counts at dry i ng o ff was the result o f  new 

infec tions . 

I n  a herd situation , as colos trum is rarely included i n  the 

supply i t  should not affect the cell counts o f  e ither the bulk mi lk 

samples or individual cow samp l e s . The reported trend i n  incre ase ce l l  

counts wi th advancing lactation i s  probably due t o  an i nc rease i n  new 

infec tion rate through lactation . Hence a sudden ri s e  i n  ce ll numbers 

may be attributed to a new infection . 

( i i )  Age or Lactation Number 

It is wel l  documented in li terature that the average cell 

count increases as the lactation al age of the animal increases ( Van 

Resburg , 1 94 7; B l ackburn , 1966 , Cul len 1966 ; and Blackburn , 1968) . 



Thi s  i s  probably a re flection o f  the past infection his tory 

of the udder since Natzke e t . al . ( l 9 7 2 )  found that uninfec ted 
-- --

2 5 . 

animals s howed no upward trend ove r f ive lactations . Earlier 

Bl ackburn ( 1966) over a seve n year period found tha t  the increase 

i n  cells from one lac tation to the next was due mainly to an 

increase i n  PMN leucocy tes . Th i s  increase was as soci a te d  with 

bacterial i n fe ction re sulti ng i n  i n flammation of the duct s  and 

also an increase in the severi ty o f  lobular les ions . 

To lle in the IDF Bul le t in ( 1 9 7 1 )  reports tha t  there i s  

a de cre ase i n  ce l l  counts average s i n  cows older than s i x  ye ars . 

Thi s  may be interpreted to sele c t ion in terms o f  udder he a l th w i th 

advancing age . From thi s  discus s ion i t  appears that the increase 

i n  ce l l  count with age i s  mainly due to PMN leucocyte s and past 

infections play an important ro le. 

( i i i )  Diurnal Vari a t ion and Milking I n terval 

Cons iderable variations i n  c e l l  counts have bee n  

observed be twe en morning and eve n i ng mi lk samples parti cularly 

when irregular mi lking interval s  are in e f fe c t  ( Cul len , 1 9 6 7 ) . 

These diurnal variations were found at both h i gh and low somatic 

ce ll counts , the gre a te s t  variation occurri ng when the counts were 

greater than one mil l ion. White and Rattray ( 196 5 )  a l so observed 

that high cell coun t cows had the greate s t  variation . 

Schalm e t . al . , ( l9 7 l )  are o f  the opinion that the 

diurnal variation i n  cell count i s  the res ul t  of pre s s ure change s 

in the ascini . Toward s the e nd o f  mil k ing the pres s ure i s  reduced 

which resul ts in l arge numbers of ce l l s  pass i ng into the a sc ini , 

however thi s  migration gradually s lows down as pressure i s  bui l t  

up again towards the next milk ing . Gie s ecke and Van der Heever 

( 19 7 4 )  s uggest the cyc l ic variation may be rel ated to damage 
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bf the api c a l  epithe l ium ea 2d by fat secretion wh ich i s  i tsel f 

re lated to pre s s ure change s .  

I n  Milne ' s  ( 1 9 7 3 )  review i t  is reported that foremilk 

s amples from shorter milking interva l s  generally show h ighe r 

somatic c e l l  counts . This vari ation in ce l l  numbers can 

probably be e xplained in terms of the to tal mi lk vol ume secre ted 

l e ading to gre ater concentration of s omatic ce l l s  dur ing shorter 

milking inte r val s .  Longer milking i n tervals wi l l  show a greate r  

d ilution o f  somatic cel l counts and hence a lower somatic ce l l  

count . 

Bay ( 19 7 3 )  showed no d i f fe rence in ce ll counts o f  

morning and evening mil king . He obtained a correl at ion o f  

. 968 between the two mi lkings . Al though the correl ation i s  

high , there may have been an abs olute d i f ference here . 

Contrary to the above me ntioned repor ts ( Hoare , 1 9 7 7 )  

reported that there may not be a true diurnal var iation . He 

showed that the numbe r o f  ce l l s  shed per milk ing tends to be 

constant and the h igher milk production generally obta ined at 

the morning milking r e sults in a l ower cell concentration . 

( See Table 2 . 5 ) . 

TABLE 2 . 5 : Counts i n  G lenfield Dai ry Average (Hoare ( 19 7 7 )  

a .  m .  p .  m .  

Produc tion ( l i tre s 7 . 8  4 . 1  

Log Ce l l  Count (per ml x 103
) 1 2 3  2 4 6  

Total No . o f  cells/m i lking 9 . 84 X 1 0
8 

1 0 . 8  X 1 0
8 

From the foregoing i t  would appear that the c e l l  

c ount a t  evening milkings w i l l  be higher than a t  morn ing milking 
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particularly whe n  there i s  a long inte rval pre ceeding the morning 

milking . Bulk samples for te sting should be compo s i te s  o f  both 

morning and evening mi lkings . 

( iv )  Milk Frac t ion : 

The d i s tribution of ce l ls in milk fractions show 

individual var i ation S chalm et . al . , ( l9 7 1 )  reported that , ce l l  

coun ts of forem i lk are general ly higher than midstream samples 

and l ower than s trippi ngs . PMN leucocytes and mononuclear ce l l s  

are greater in s tr ipp i ngs than i n  foremi lk but the differences 

w i th regard to mononuc lear ce lls are not as great as with PMN 

leucocyte s .  Paape and Tucker ( 1966)  showed that the ce l l  counts 

in res idual m i l k  are highe r than in foremilk but lower than i n  

strippings . On the contrary Natzre and Schultz ( 19 6 7 )  reported 

higher cow1ts in res idual milk than i n  s trippings . Schul tz 

e t . al . ,  ( 19 7 3 )  showed that samples t aken be fore le tdown had 

higher ce l l  counts than s amples after le tdown . 

I t  i s  important to standardise the time o f  s amp l i ng i n  

the mi lking routine when tak i ng samples from i ndividual cows . 

STRESS RELATED FACTORS : 

There has been cons iderab l e  controve rsy on the e f fect 

of " stre s s "  on the cel l counts i n  cows ' milk . MacAdam ( 1 954 ) 

reported a 5 fold increase i n  ce l l  counts when milk was drawn from 

cows after the i r  transportation by truck to an abattoir . Whittle-

s tone et . al . , ( l970)  showed that stre s s ful s i tuation such as 

i s o l ations from the herd , chasing by a dog and s udden thunder -

s torms c a n  res u l t  i n  a n  increase i n  c e l l  counts . Wiersma ' 

and Stott ( 1969 ) showed that thermal stress resulted i n  i ncrease s 

i n  s omatic c e l l  leve ls i n  milk . Al l these s tudies however have 
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not ensured that c ows wer e  free of infe c tion . Stre s s  results 

in the release of ACTH from the anterior pituitary gland so 

activating the adrenal cortex to release corticoster iods ( Paape 

e t . a l . , 19 7 3 ) . H ence the administration o f  ACTH mimics some o f  

the phys iological responses t o  stre s s . 

S chalm e t .  al . ,  ( 1965 ) found i n j ecting of cor ticoids 

caused a rise i n  l e ucocyte s  in circulating blood but not i n  the 

mi lk . Paape e t .  al . ,  ( 19 7 3 ) ob served no i ncrease in cell counts 

i n  non infected quar ters when cows wer e  i n j ected wi th ACTH . 

They also failed to show a leucocy te r esponse in uninfecte d  

an ima l s  which h a d  been s ub j e c ted to the rmal stress . S imilarly 

Bandrar.yake and H o lme s ( 1976)  showed tha t  no change i n  somatic 

c e l l s  take s pl ace under thermal s tre s s . 

E ar l i e r  Whi ttlestone et . al . ,  ( 19 7 0 )  showed that quarters 

whi ch had a previous hi story o f  mastitis , i n j e ction of ACTH 

resulte d  in increases in milk somatic c e l l  counts . 

In conc l uding the e arlier work on s tress resul t i ng �n 

an i ncrease i n  cel l count seems to be lac k ing in suff icient de tai l 

to e n able valid conclusioffi to be drawn . I t  now seems that s tre s s  

may have an effect o n  ce l l  count if a previous o r  existing infection 

has occurred in an udder . Thi s  means tha t  under stres s  infections 

otherwise not de tected will show up as increase in somatic cell l eve l . 

So s tress i nduced cell count increase s have diagnostic value because 

they occur with a nimals harbouri ng infe c t ion . 

MISCELLANEOUS FACTORS : 

Breed 

Re ichmuth ( 19 7 5 )  reported that s l ight d i f ferences have 

been shown to occur between breeds in Ge rmany . The H ighl and breeds 
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are 5 0 , 00 0  to 100 , 00 0  cell s/ml lower in count than lowland breed s . 

Thi s  s eems to be a gene tic d i f ference whi c h  is also demons trated 

with i n  breeds ( Lush , l950 and Young , e t . al . ,  1960) However 

Re ichmuth et . al . ,( l9 7 6 )  reports that there are no bas ic 

d i f ferences betwee n  breeds in the nature o f  the response of the 

mammary g land to in fec tion . 

Seaso n : 

No de f i n i te seasonal e ffect has been noted and i s  

often complicate d  by calving pa tterns . 

In conc luding , fac tors othe r than infections may be 

re lated to elevate d  ce lls under some cir cumstances e spec ially 

if previous i nfec tion is pre sent . However there is lack o f  

convincing evidence that the relationship i s  s igni ficant 

enough to alter the mastitis interpretation unde r fie ld condi tions 

i n  other circums tances . The source s of e rror are further 

reduced if cell counts are c arried out at regular interval s over 

a period and running means calculated to minimise the anomolies . 

2. 4. 3 DETE RMINATION OF SOMATIC CELL COUNT : 

A number of methods have been de scribed for determin i ng 

the somatic cel l  content of milk . Depe ndi ng upon whe ther they 

are used for pre c i sed counting or as a s creening tes t , the methods 

are re ferred to as dire c t  methods er ind i re c t  methods . 

The direct methods involve e i ther the microscopic 

or e le c tronic counting o f  somatic cel l s . The indirec t  methods 

depend on te sts for the de tec tion o f  D . N . A .  from cel lular nuclear 

mater ial or the rea ction between cel l  D . N . A .  and certain chemical 
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reagen ts ( Al kyl aryl sulphonate or secondary akyl sulphate ) 

which brings about a marked change in visco s i ty . There are 

also o ther indirect me thods that test for a l te red compos i t ion 

of mi lk . Included in thi s  group are conductivity measureme nts , 

pH measurements and enzymatic procedures .  

1 .  DIRECT METHODS FOR CELL DETERMINATION : 

{ i )  Microscopic Counting : -

The direct mi cros copic counting o f  s omatic ce l l s  was 

originally de scribe d by Prescott and Breed ( 1 9 1 0) . I t  involves 

the spreading of 0 . 0 1 ml of mi lk over 1 cm2 on a glass s l i de 

and staining the dried smear with me thy lene b lue . The cel l s  

are then counted i n  a number o f  f ie lds with a n  o i l  imme r s ion 

lens and e xpr e s s e d  as the numbers o f  ce l l s  per ml . Schalm 

et . al . ,  ( 19 7 1 )  has rev iewed thi s  technique fully . Pre scott 

and Breed ( 1910)  e xpre s sed e ach ce l l  counted to repre sent 5 000 

ce ll s/ml . The re sul ts for 3 1  dupl icate samp l e s  of lOO 

microscopic fields e ach gave a total var iation o f  14 . 5% and a 

within s ample variation o f  15% though 2 o f  the samples had 

errors of 4 2 . 9% and 6 3 . 3% .  

An improved vers ion o f  Pre scott and Bree d ' s  technique 

was deve l oped by the s ub-c ommittee on Scree n i ng Te st , National 

Mastitis Counc il ( 19 6 8 )  and referred to as the Dire c t  Micro-

scopic Somatic Ce l l  Count ( D . M . S . C . C.) Th i s  method involves 

counting the s taine d  c e l l s  present in s trips across the milk film 

rather than selecte d  microscopic f ields and uses a system of 

counting dependent on an estimation o f  the number o f  cel l s  

pre sent i n  the milk s ample (Brazis e t . al .  19 6 7 ; Smith , l969 ; Ward & Pos tl e , 
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1970 and S chul t z  e t . al . , 1971) . 

The primary obj e c t  o f  microscop ic counting i s  to screen 

other coun ting methods and at present the dire c t  visual identi­

f ication and counting o f  s omati c  ce l l s  appears to be the bes t  

reference method . There i s  however ,  an inherently large variance 

wi thin one s ample association wi th micros cop ic counting which wi l l  

ul timately determine the accuracy o f  the proce dure in practical 

appl ication . It i s  fur ther hampered because somatic cell 

de termination by D . M . S . C . C . involves human variation by the 

technician . Moreover the optical and manual ope rations are 

ted ious and time const�ing and hence virtual ly preclude the ir 

use in large scale screening programme s .  

( i i )  Electron ic Counti ng of Somatic Ce l l s  

Electronic counters have been used s uccess ful ly 

by several workers to e stimate mi lk somatic ce l l s . Inc luded 

i s  the particle counter us ing curren t  interrup t ion ( Coul ter 

System) or light beam interruption ( Autoanalyser)  and also 

the micros copic de tec tion of stained ce l l s  ( Fo s smatic)  . 

The principle of the Coul ter system i s  based on the 

counti ng o f  number o f  particles ( somatic cel l s )  singly over a 

certa in s ize in a suspe n s ion . I n  case o f  milk , it must be 

f ixed to s tabil i se the c e l ls and to prevent bac terial growth . 

S ince fat g l obule s are o f  the same s i ze range as 

s omatic c e l l s , it is nec e ssary tha t  they be removed before the 

l atter can be counted . Thi s  i s  accomplished by e i ther centri­

fuging ( Cullen , 1965 ; Phipps & Newbould , 1965 and Read e t . al . ,  

196 7) or dispers i ng the milk fat using a non - i onic wet ti ng age nt 
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( Cullen , 1967 ) . Chemic a l  dispers ion o f  fat i s  preferred 

to centrifuging because i t  is more rapid , economical , rel i able 

and adaptable to automation ( Di jkman e t . al . ,  1 969 and Pearson 

e t .  al . ,  1 9 7 0 ) . A good ac count on how to measure somatic 

c e l l counts in milk us ing a Coulter Counter has been reported 

by Tol le , ( 19 7 1 ) . 

A number of workers have reported the corre lation 

coe f f ic ient be tween elec tronic cel l  counts and direct micro-

s c opic coun ts ;  Phipps ( 196 9 )  reported a corre lation of 0 . 9 7 ;  

Pearson et . a l . ,  ( 19 7 0 )  0 . 978 ; Phi lpot and Pankey ( 19 7 3 )  

0 . 85 4  to 0 . 9 7 7 and Newbould ( 19 7 4 )  0 . 85 3  to 0 . 9 2 4 . 

Hee s chen ( 1 975 ) and Hoare ( 19 76 )  have reported methods 

whereby procedures using E lectronic counting can be s tandardised . 

The se worke rs have also de scribed the conti nuous flow analysis 

( Autoanalyse Sy stem) whi c h  is es sentially an Automated Coul ter 

Counter and the Opt ical Fos smatic ins trument . The Fos smatic 

is an automated microscop i c  cel l count , using a DNA-Spe c i f i c  

f l uore scent dye . 

S chmidt Madsen ( 19 7 5 )  have compared the Fossmatic wi th 

the Coulter Counter and d i rect microscopic count . The Fos smatic 

appeared s l i ghtly s uperior to the Coulter in pre cis ion and in ease 

of operatio n . 

Wh ile the e le c tronic counting of somatic c e l l s  by the 

d i f ferent i n s truments are accurate , and large numbers of samples 

c an be proce s sed in a work day , s tandardization continues to be 

a problem i n  addition to the high initial cost o f  equipme n t . 



2 .  INDIRECT METHODS OF CELL DETEMRINATION : 

( i )  White s ide Te st : -

3 3 .  

The reaction be tween milk from mas t i tic cows and sodium 

hydroxide re sul ting in the formation of a viscid mas s  was described 

by White s ide ( 19 39) . A t  room temperature the reaction take s place 

rapidly but when normal, mas t i tic boiled mi lk or when milk contains 

pre servative s s uch as formalin , mercur i c  chloride and potass i um 

dichromate , the reaction does not occur (Schalm e t . al , 197 1 ) . 

Murphy and H anso n ( 19 4 1 )  modified the test to the form in which 

i t  i s  used today which i nvol ve s  the addi tion of 1 drop of normal 

sodium hydroxide to 5 drops of cold mi lk on a glass plate fo llowed 

by vigorous s tirring for approximate l y  20 seconds . 

reaction was graded from 0 - 4 .  

The degree of 

Correlation o f  0 . 48 - 0 . 8  have been reported between 

Wh i te s ide Te st and Direc t Microscopic of somatic ce l l s  in mi lk 

s amples (Mil ne , 197 3 ) . 

Nage swaro and Derbyshire ( 19 69)  reported that the 

re action was dependant on precipitation and the mi lk components 

i n  the reaction ranked i n  the order of importance are : leucocyte 

nuc l e i , cal c i um ions , l e uc ocyte prote in ,  fat globul e s  and 

f ib rinoge n . 

Mi l ne ( 19 7 3 )  mentions the Negretti Field te st which is 

s im ilar in action to the Whiteside Tes t  and i s  regarded as a 

more rel iable one·; the reagent i s  a mixture o f  sodium 

c arbonate , c alcium chlor ide and sodium hydroxide . 

( ii )  Cal i fornia Mastitis Test (C . M . T . ) 

The tes t  was first described by S chalm & Noorlander 
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( 19 5 7 ) . They showed tha t  when an anionic surface active agent 

was added to milk and s tirred i t  re sulted in a vis cous mixture . 

The degree o f  v i scosity depe nding on the number o f  somatic ce l l s  

pre sent in the milk i . e .  a s  the somatic c e l l  conten t  incre ased , 

v i s co s i ty i ncreased . The reagent proposed was alky l -aryl 

sulphonate , with the addition of bromcre sol purple to i ndicate 

the pH o f  the mi xture . Th i s  te st was de signed for use as a cow ' s  
• 

s i de test where milk from the 4 quarters was squirted into 4 

di f ferent depre ssions on a p lastic paddle . To the mi lk i s  

added an equal amount o f . C . M . T .  reage nt and the paddle is swirled 

approximate ly 10 time s and the degree of viscosity o f  the contents 

a s s e s sed . 

The C . M . T .  i s  an approximate method for the e s t ima tion 

o f  the ce l l  content o f  the milk s ample s and the re ac tions are scored 

as : - ( From Schalm et . al . ( 19 7 1 )  

C . M . T .  

- ve 
Trace 

1 

2 

3 

Cell range ( ce l ls/ml ) 

0 - 200 , 00 0  

1 5 0 , 000-500 , 00 0  

4 00 , 000- 1 , 5 0 0 - 000 

800 , 000- 5000 , 00 0  

5000 , 000 

Appearance 

No evidence of ppt 

sl i ght ppt . may disappear 

distinct ppt . no ge l 
format ion 

mixture thi ckens immed iately 
wi th some gel formation . 

a th ick gel forms . 

Mos t  of the attent i on with regard to the mechanism o f  

the C . M . T .  reaction h a s  been focused o n  the somatic cel l s  (mainly 

Leucocytes )  thems elve s  and the ir contribution to the reaction . 

Jaartsve ld ( 196 2 )  reported that Deoxyribonuclic ac id ( D . N . A . )  

in the cell nucleus was resp ons ible for the viscous reaction . 

Carrol & Schalm ( 1962)  found that when nucleated ce l l s  were added 
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to normal mi lk i t  produced the C . M . T .  reac tion whereas non­

nucleated ce l l s  did not ; and the addi tion of deoxyribonuc lease 

prevente d thi s  viscous reaction . Mi lne ( l9 77a) showed that the 

vis co s ity developed in the C . M . T . reaction i s  correlate d  

( r  = 0 . 94 )  t o  the D .N . A .  content o f  milk s ample s whi ch i s  

apparently i nvolved in the formation o f  a gel matrix ; si·milar 

resul ts have been reported by Nageswaro & Derbyshire ( 19 6 9 ) . 

Hence in thi s  te s t  reagents s uch as alky l aryl s ulphonate s  have 

the abi l i ty to break down the c e l l  nuc leus creating a f ibri l l ar 

network con taining D . N . A .  

( ii i )  Brabant Mas t i t i s  Te s t : -

Thi s  test ut ilises the C . M . T .  reactions but viscos i ty 

i s  me asured by recording the f l ow rate o f  the milk and de terge nt 

mixture through capil lary tube of diameter 1 . 3  mm ,  and length 2 cm 

( Jaarts ve ld , 196 2 )  An automated system al lows 100 te s ts to be 

conduc ted .  0 . 06 m l  o f  mi lk i s  mixed with 0 . 4  m l  reagent 

( 20 gm s odium lauryl sulphate and 15 ml o f  10% sodium hydroxide ) 

in the f unne l s  o f  e ach c ap i l l ary tube and rotated longtitudally 

at 15 rotations/min . After 6 rotations the mixing ceases for 

30 s ec . , and is then repeated for another 6 rotations . The tubes 

are the n ope ned and the re sults are recorded photographically at 

5 ,  1 0 , 20 and 60 s e conds . 

( iv )  The Michigan Mast itis Te s t : -

This test described by Paape et. al . ( 196 2 )  combines 

the rea ctions of both the C. M . T. and the Whiteside Te s t . They 

reported the use of 190 gms sodium alkyl aryl sulphonate , 1 3 . 5  gms 

of sodi um  hydroxide , 1 . 5 gm methylene blue chloride and 3 . 7 8 l itres 

of soft water . The corre l ations obtained with somatic cell count 
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by the s e  workers was 0 . 9 5 .  

( v )  The Wisconsin Mastitis Te st : -

Thompson & Pes tle (1964) reporte d  thi s  tes t  whi ch 

i nvolve s the gel formation o f  the C . M . T .  reaction and determine s 

the v i scosity by measuring i ndirectly the rate o f  f l ow o f  the 

mixture through a small ori fi ce . 

in Appendix l .  

The test is ful ly de scribed 

The Wisconsin Mas t i t i s  Te st ( W . M . T . } is a modi f ication 

o f  the Brabant Mas titis Te s t  and employs the C . M . T .  reagent 

d i l uted 1 : 1  with dis ti lled wate r . In the U . S . thi s  test i s  

e xtens i vely used and i s  officially recogni sed as a s creening 

tes t  for abnormal milk ( Amer ican Public Health Association , 

1 9 7 2 )  . 

Danie l e t . al . ( 1 9 7 1 )  asse ssed the re l iab i l i ty o f  

the W . M . T .  using the rap id mas titis tes t  reage nt and a corre lation 

coe f f i c ient of 0 . 9 1 was shown with direc t  microscopic counts . The 

repe a tabil ity value s  for score s be tween 1 and 10 mm was approximate l y  

0 . 9 ,  f o r  scores between 1 1  and 20 mm .  0 . 76 and above 2 1  mm 

was 0 . 9 .  Thi s  investigation showed that weakly pos i tive milk 

samples have a lower repeatab i l i ty . 

The problem wi th the W . M . T .  te st i s  that sma l l  c lots 

can blo ck the ori fice and give falsely h igh reading s . 

(v i )  Rolling Ball Viscome te r : -

Ruakura scienti s ts deve loped the rolling ball viscometer . 

The instrument con s i s ts o f  a calibrated glass tube mounted i n  s uch 

a way that it can b e  tipped by a c lock motor for a f i xed period 

of time to 2 5° and then returned to horizontal pos i t ion ( approx 

3 .  5 sec . ) .  The bal l position is then read on the s cale below the 
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tube , the i ns trum�nt having a range from 200 , 000 to 2 m i l l ion 

cell s/ml . The reagent used i s  2 %  teepol ( 10 mls )  which 

is added to 5 ml . mi lk sample .  

Thi s  instrument is a sensi tive vis come ter des igned to 

measure the viscosity deve loped i n  the Rapid Mas titis Te s t  ( RMT) 

reaction . 

M ilne & Smyth ( 1976 ) h ave reported a correlation of 

0 . 9 2 betwee n  the reciprocal o f  the viscome ter reading and direct 

microscop i c  cel l  counts . 

( vi i )  Enzymati c Proce dure : -

The enzyme catalyase l iberate s  oxygen , gas and water 

from hydrogen peroxide and the percentage gas has bee n  corre l ated 

with somatic cell number (Paape e t .  al . 1965 and Schalm e t . al . 1 9 7 1 ) . 

Schultz e L  a l . ( 19 7 3 )  showe d that that catalase te s t  was le s s  

satis f ac tory than th e Wiscon s i n  Mastitis Te st , Wh ite s i de Te s t . and the 

Cal i fornia Mastiti s Te s t .  

More recently Ki tchen ( 19 76 )  used the enzyme 

N - catyl - f!J - D - g l ucosaminidase to me asure ce l l  counts i n  

milk . However more i nformation i s  needed before it can be 

considered to be sui table as a d iagnostic te st . 

2 . 4 . 4 .  SOMATIC CELLS IN RELATION TO MILK COMPOS ITION : 

The four i ndepe ndent quarters o f  the udder secrete 

milk of s imilar compo s i tion when no dis turbances are pre sent . 

The secretory epi thelial cells o f  the mammary gland have very 

spe c i f i c  activitie s .  They synthes ise lactose , case i n , milk fat , 

-lactalbumin and - lactogl obulin on one hand ann are i nvolved 

in the selective uptake of vitamins , trace e lements mineral s , 

serum a lbumin and immunoglobul ins from the b lood stream o n  the 
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other ( S chalm e t .  al . l 9 7 1 )  

M ilk compos i tion change s associated with mas t i t i s  have 

been reviewed by Whee lock & Dodd , ( 1969) Newstead ( l9 7 3 )  Newbould 

( 1974 and more rece n tly by Sch ul tz ( 1 977) . 

I ncreases i n  somatic ce l ls are general ly accompanied 

by e ither no signi ficant change (Haenlein e t: . al . 1 9 7 3 ) ' or sma l l  

increase s ( Ashworth e t .  al . 1967 and Weave r & Kruger 1 9 7 7 )  in 

total prote in conte n t . The c oncentrations of some prote i n  

componen ts such a s  - case i n , /3 - Case i n , f - lactoglobul i n  and 

o(- lactal abumin whi c h  are s ynthe s i sed i n  the gland de crease 

whi le that of immunoglobuli ns and serum albumin which are derive d  

from blood i ncrease w i t h  higher ce l l  counts ( Haenlein e t . al . 1 9 7 3  

and Randolph et . al . 1974) . 

A n  inverse relationship between number of soma ti c  ce l l s  

and the f a t  content o f  milk from i ndividual quarters i s  we l l  

documented ( Ashworth e t .  al . 1 9 6 7 ;  Philpott 1967 and Randolph 
- -

& I rwin 1 9 7 4 ) .Me in e t . al . ( l9 77 � n  a survey in Victoria ( Austral i a )  

found tha t  milk fat y ie ld from b u l k  mi lk decreased with an i ncreased 

cell coun t .  

The lactose concentration decreases with i ncrea s ing 

cel l  count ( Ashworth e t . al . 1 9 6 7 ; Tolle 1969 and Muldoon 
- -

& Li zka, 1 9 7 1 )  and this is usua l ly ac companied by a change in mine ral 

compos i tions . Thus Tolle ( 19 6 9 )  and Tall amy & Randolph ( 19 7 0 )  

report decreases in potassium and increases i n  sodium wi th 

i ncreasing cel l  count while Ashworth et . al . ( 1967 ) repo r te d  

an i ncreas e  in chloride content . Calcium and phospha te may 

decrease b ut not in al l case s . ( Tolle , 1969 ; and Tal lamy & 

Randolph 1970) • 
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The pH o f  normal milk i s  usually 6 . 6  compared wi th 

value s  of up to 6 . 9  for mi lk with h igher ce l l  counts ( Ashwor th 

et . al . ,  1 9 6 7) . 

The changes i n  composi tion o f  milk with increased ce l l  

counts are the result o f  increased vascular permeab i l i ty for 

blood components and decreased synthe s i s  of casein , lactose 

and fat ( Schalm et . al , 1 9 7 1) , ( Schalm 1 9 7 7  and Schul t'z 

1977) .Tab l e  2 . 6  summarises some o f  the gene ral change s i n  milk 

composi tion . 

TABLE 2 .  6 :  General change s i n  milk compos i tion assoc i a ted 

wi th e l evated somatic cells . 

Decrea se 

Lac to s e  
Fat 
Case i n  ( tota l )  

Minor Change 

Total prote in 

Incre ase 

Whey prote ins ( to tal ) 
Chlor ide 
Sod i um 
pH 

Reason for Change 

Dilution due to i ncreased 
( Na )  + and ( C l )  - leading 
to Reduced synthe s i s . 

Opposite change s i n  
components 

Leakage from blood 
Leakage from blood 
Le akage from blood 
Alkaline mate r ia l s  from 

blood . 

In concluding , mos t  of the information here i s  based 

on compari sons of re s ul ts from mastitis s creening te s ts o n  milks 

from individual quarters and hence may not apply to bulk milk 

ce l l  coun t . 
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2 . 4 . 5 : THE NATIONAL MI LK QUALITY ADVISORY SERVICE : 

The New Ze aland Mi lk Qual ity Advisory Service 

(N . M . Q .A . S . )  was initiate d  by the Min i s try of Agriculture and 

F i sher ie s . The spe c i fic obj e c tive o f  th is scheme was to ensure 

v coninued marke t ab i l i ty and market acce s s  for New Zeal and dairy 

produce and has three spe cific goal s .  

1 )  To reduce the leve l s  o f  somatic ce l l s  in bulk mi lk , 

2 )  To reduce the national leve l  o f  antibiotics i n  milk , 

3 )  To control mas titis i n  the national dai ry herd . 

P il o t  scheme s were starte d  invo lving 8 Dairy Companies 

and these re spe c tive dairy companie s carry out regular bulk 

milk cel l  counts on all s upp l iers to mon i tor herd leve l s  of 

sub cl inical mas titis and the suppl iers , are noti fied every 

month of the i r  ce l l  counts . 

The schemes are co-operative ventur e s  involving the 

Waikato Dairy Laboratory ( Dairy Divi s ion ) , the Dairy Advi sory 

Officer ( Farms ) , a Minis try employed spe cial ist in milking 

management , the Farm Dai ry Ins truc tor who carrie s out checks on 

the e fficie ncy o f  its milking machi ne s  and the l ocal veterinary 

s urgeon who c on s iders �1e animal health aspects . 

Three monthly rol l ing means are calculated to 

minimise fluc tuations i n  bulk mi lk ce l l  counts and on the bas i s  

o f  these re sults the following actions i s  take n : -

Group 1 :  Ce l l  counts be l ow 250 , 000 ce lls pe r  m l  - no 

action take n 

Group 2 :  Ce l l  counts between 250 , 00 0  - 5 00,000 ce l l s  

per ml - thes e  s uppliers are notified that 

they have a mas titis problem and awarene s s  
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FIG . 2 .  3 .  A s chematic represen tation of the operation of the National 

Milk Qua l i ty Advi s ory Service .  
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i nformation sen t  o ut . 

Ce l l  counts ove r 5 0 0 , 0000 cel l s  per ml 

- these suppl iers a re placed i nto a problem 

herd cate gory and to assist the farmers 

in th i s  category a co-ordinated plan i s  

initiate d . The Farm Dairy I ns tr�c tor 

( Dairy Divis ion)  is noti fied and asked 

to v i s i t  the farmer to carry out a milking 

machi ne te s t . He i s  fol lowed by the 

Dai ry Advisory Of ficer ( Farms ) who d i s cus s e s  

a l l  aspects of mi lking management and hygi e ne 

pertaining to mas titis with the farme r . The 

farme r ' s  ve te rinarian is then advised and 

advi s e s  on the ve te r i nary aspec ts o f  deal i ng 

wi th the problem . 

Farms e xpe rienc i ng a high inc idence of c l i nical mas titis 

with a low ce l l  count and those wi th con s i s tent ant ibiotic re s id ue 

problems are also classi fied as problem herds . The criteria for 

a problem i n  c l i nical mastitis be ing a 5% infec tion pe r 100 cows 

per week (Mi l ne , 1 9 7 7 8 ) . 

A schematic repre sentation i s  shown in Fig . 2 . 3 . 
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MATERIAL AND METHOD S : 

The study i nvolved work carr ied out over a per iod o f  1 2  

months f rom Apr i l  1 9 7 5  to March 1976 wi th the Town Mi lk Supply herds o f  

the Manawatu Co-operative Mi lk Producers , Palmerston North . 

be divided into two parts . 

I t  could 

1 .  Bulk m i lk samples from all 7 2  herds o f  the Town Milk 

Supply . 

2 .  19 o f  above 7 2  herds se lected for individual farm vi s i ts . 

1 .  BULK MILK SAMPLES FROM ALL 7 2  HERDS OF THE TOWN MILK S UPPLY 

This invol ved 72 herds ranging in s i ze f rom 24 to 240 cows 

with a mean of lOO cows . Bulk mi lk samples were collected by tanker 

drivers from farm bulk milk tanks monthly from Apr i l  1975  to March 1 9 7 6  

and de l i vered to the milk proce s s i ng pl ant . The milk samples we re 

col lected from here and transported to the l aboratory at Mas sey Unive rs i ty .  

The y were taken from tanks containing the milk from 2 - 4 mi lkings a t  the 

time of pickup and were kept at approximate l y  4
°

C dur i ng the interval 

be tween collection and te sting . 

arrival at the laboratory for : 

They were analysed immedi ate ly afte r  

( i ) S omatic Ce l l  Count : de termine d  by the Wi scons i n  Mas ti tis 

Te s t  ( WMT) . as de scr ibe d  by Thompson & Postle ( 1964) with the excep tion 

that the original WMT reage nt was replaced by undi luted RMT re agent ( Rapid 

Mastitis Test Reagen t , I . C . I .  (NZ) Ltd . , We l l ington ) . The te s t  i s  

de scribed i n  Appendix �- The somatic ce l l  counts re sults were sent 

each month to the individual mi lk producer .  

( ii )  Milk Fat Percentage :  de termined by a photome tric 

method after the milk sample had been d i l uted by a chel ating age n t  and 

homogen ised . The instrumen t used was Mi lk-0-Te s te r  Mk 1 1 1  1 2800 ( A/S 
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N .  Foss E le c tr i c , H i ll e rod , Denmark ) . I t s  accuracy was s tated to be 

0 . 06% fat between 0-6% fat and i ts reproduc ib i l i ty was s tated to be 

0 . 02% fat . 

( i i i )  Total M i lk Prote i n  Percentage : de te rmined by amido 

bl ack dye b inding ut i l i s ing the PRO-MILK MK 1 1  1 2500 ( A/S N .  Foss Electric , 

H i l lerod , Denmark ) . I t s  accuracy was stated to be 0 . 045% prote i n  and 

i ts reproduc ibi lity 0 . 0 1 5 %  prote i n . 

I nformation regarding the daily m i lk yield o f  cows was obtaine d  

f rom these herds . P r i n ted cards were sent monthly to the f armers who 

completed the information required and returned i t  via the milk tanker 

driver . A s ample card i s  shown i n  Table 3 . 1  and from thi s  i nformation 

the average daily milk y i e ld per cow was calculated for e ach month . 

5 6  of the 7 2  farmers regularly returned the se printed cards . 

TABLE 3 .  1 :  PRINTED CARDS THAT WE RE SENT TO FARMERS 

MASSEY UNIVE RS I TY 

RESEARCH PROLTECT 

MAS TITIS CELL COUN T 

I N F OR MAT I ON CAR D 

S u p p l i e r ' s  N o . 

D a t e  _/_ L 
N o . o f  C o w s  m i l k i n g  t o d a y  

N o . o f  m i l k i n g s  i n  v a t  a t  

c o l l e c t i o n  t i m e  

M i l k  i n  v a t  t o d a y  l i t r e s 
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2 .  NINETEEN OF THE 7 2  HERDS INVOLVED IN VIS I TS FOR DETAILED E XAMINATION 

Of the 72 herds in the Town Supply , 19 were selected and each was 

vis i ted on four occasions dur ing the e xperimental period ( Apri l  1975 to 

March 1976)  . These vis i ts were made in May 19 75 , Augus t  1975 , November 

1 9 7 5  and February 1 9 7 6 )  . The herds were selecte d  on the pre vious year ' s  

( January 1974 to January 1 9 7 5 ) bulk mi lk c e l l  count (Holme s , 1 9 75 

unpublished data) and represented herds wi th a var iety of cel l  counts ( low , 

medium and high ) . Of the 4 vis i ts to each individual farm , 2 were in the 

evening and 2 i n  the morn i ng . The herds ranged i n  size from 7 1  to 2 0 3  

cows with a mean of 1 1 0  cows ; the ma jority o f  the cows were Frie s i an or 

Fr ies ian cros s . On e ach vis i t  to the 19 farms individual compos i te milk 

samples were collec ted from each l actating cow that had calve d  more than 

5 - 7 days . The individual compos i te milk samp l e s  were collected from 

milk meter s  (Tru-Te s t  Dis tr ibutors Ltd . Auck land N . Z . ) , placed betwee n  the 

teatcup assemb ly and the milkl ine and were , repre se ntative samples from 

the whole milk yield at that milk ing ; the mi lk y i eld o f  each cow at that 

m i lk ing was recorded . A sample of milk was also colle c ted from the farm 

bulk tank on e ach vis i t : the se samples wi l l  be referred to as . FARM BULK 

MI LK SAMPLES . 

The number o f  cows showing c l inical mas titis were recorded dur ing 

e ach of the se vis its . A case o f  c l i nical mas t i ti s  was j udged e i ther by the 

pre sence o f  c lots in the milk along wi th swe l l i ng of the quarter on the 

day of vis i t  ( such quarters were treated w i th i ntramammary antibiotic 

treatment)  or quarters that we re already on intr amammary antibiotic tre a t-

ment on the day o f  vis i t ;  the se having already been diagnosed by the 

f armer as c l inical case s . 

The milking machine s  wer e  te sted be fore mi lking ; the vacuum 

p ump capaci ty and reserve air flow c apaci ty were measured us i ng Ruakura 

Air Flow Me te r . The volume o f  air admi tted via the pulsators and a i r  
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admi s sion holes in the c l aws were a l so measured . The pulsators 

were tes te d  us ing a fas t speed clockwork recorder .  A vacuum 

drive n  s l ow speed recorder was pl aced in the e nd of the mi lkl ine 

to record vacuum f luctuations dur ing milking . 

The mi lking r outine including methods of hygiene at 

milking time was also recorded . �o attempt was made to change the 

milk ing procedure s  used by the farm ope rators .  

Al l milk samp l e s  were transported immediate l y  fol lowing 

collection to the l aboratory and stored at approximate l y  4
°

C unti l 

te s ted w i thin 16-18 hour s of col lection f rom the farm.  Somatic Ce l l  

counts were determined by the Wiscons in Mas t i t i s  Te s t  by one ope rator 

at a rate of 40-60 samples per hour . 

15 of the 1 9  herds were as soc iated w i th the Dairy Herd 

Improvemen t  As sociation and the age , calving date and produc tion index 

(P . I . )  of e ach individual cow i n  the se herds was ob tained from the 

We l l ington-Hawke ' s  Bay Live s tock Improvement Association . The P . I . 

was calculated as shown in the LIVESTOCK IMP ROVEMENT ASSOC IATION , HE RD
_ 

TESTING MANUAL , July 1 9 7 7  compiled by the Da iry Production Divis ion 

of the New Zealand Dairy Board . 

Daily Vari ation in Bulk Milk Somatic Ce l l  Counts : 

During the months May 1975 , Augus t 1975 , Novembe r 1 9 7 5  and 

February 1976 , bulk mi l k  samples were also obtained from the milk 

proces s i ng station for these 19 herds . The s e  milk samples were tes ted 

daily for the Somatic Cel l  Count by the Wis consin Mastitis Te st . 
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TABLE 4 . 1 :  

I 
i HERD 

NO. 

1 * 

2 * 

3 * 

4 * 

5 * 
6 * 
7 * 

8 * 

9 * 

10 * 
l l  * 
12 * 
1 3  * 

14 * 

1 5  * 

16 * 

1 7  * 

18 
19 * 

20 
2 1  
2 2  
2 3  
24 

-----

THE ARITHMETIC MEAN AND STANDARD ERRORS OF BULK MILK SOMATIC CELL COUNT FOR 7 2  HERDS 
MEASURE D  MONTHLY FROM APRIL 1 9 7 5  TO MARCH 1976 

MEAN BULK STD. ERROR HERD ME�N BULK STD . ERROR HERD MEAN BULK 
CELL COUNT OF MEAN NO. CELL COUNT OF MEAN NO. CELL COUNT 

- - 3 

STD.ERROR 

J OF MEAN 
I ' 103 cells/m! 3 - 10 cells/m! - - 10 cel ls/ml - ' I 

196 24 
1 6 3  1 3  

9 5  4 
1 3 7  2 0  
759 6 5  
3 2 6  4 5  
162 20 
1 7 7  2 4  

. 302  2 5  
8 4 1  7 9  

82 4 
2 7 6  3 0  

llOS 7 5  
349 34 
182 2 9  
896 1 2 1  
6 7 3  68 
687 88 
8 2 5  66 
64 3 5 7  
5 4 7  6 8  
2 7 8  2 3  
3 5 8  3 6  
3 5 5  7 0  

---------

2 5  298 37 
26 394 39 
2 7  5 5 3  7 9  
28 250 40 
29 2 2 3  3 0  
30 345 30 
31 5 33 6 7  
3 2  328 28 
3 3  366 5 4  
34 342 5 2  
35 583 7 1  
36 785 ll6 
3 7  5 3 7  4 1  
3 8  278 66 
3 9  4 1 8  3 8  
4 0  3 2 8  5 8  
4 1  29 3 30 
4 2  548 6 3  
4 3  3 9 1  7 7  
4 4  6 1 3  106 
4 5  7 5 5  9 9  
4 6  4 3 7  3 2  
4 7  5 5 8  5 8  
4 8  4 l l  4 2  

* 19 Herds selected for indivi dual vis its . 

I 
49 308 56 I 
50 2 8 7  4 1  
5 1  2 5 3  2 7  
5 2  193 40 
53 466 88 
5 4  34 3 58 
5 5  765 llO 
5 6  300 36 
5 7  4 2 3  24 
5 8  204 4 1  I 

59 2 3 8  20 I 
60 138 30 
6 1  4 5 3  96 
62 316 78 
6 3  9 5 1  135  
64 * 5 79 8 1  
6 5  4 9 5  80 
66 284 49 
67 2 24 44 
68 613  82  
69 396 54 
70 642 109 
7 1  662 103 
72 1 3 3  34 
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CHAPTER FOUR 

RESULTS 

4 . l . B ULK MILK SOMATIC CELL COUNTS FOR 7 2  HERDS : 

4 . 1: l Mean Values 

The average bulk milk cel l  count s for each o f  the 72 

herds invo l ve d  in the s tudy from Apri l  1975 to March 1976 are shown 

in Table 4 . 1 .  The Arithme tic me an of the somatic ce l l  counts for 

all herds was 4 30 , 0 00 ce l l s  pe r ml . ,  and the counts for i ndividual 

herds ranged from 8 2 , 000 cel l s  pe r ml to 1 , 10 5 , 000 ce l l s  per ml . 

Table 4 . 2  shows the d i s t r ibution o f  the 7 2  he rds accordi ng to the i r  

average bulk milk ce l l  c ounts . 

TABLE 4 . 2 :  

Group l 

Group 2 

Group 3 

Group 4 

Distribution of 7 2  herds according to ave rage bulk mi lk 

somatic ce l l  count for 12 months ( Apr i l  19 75 -March 19 76 ) . 

Bulk Milk C e ll Counts Number of Herds Perce ntage 

( ce l l s  pe r ml . )  in e ach group of herds i n  

each roup 

Under 2 5 0 , 000 15 2 1  

250 , 000 - 500 , 000 3 3  4 5 . 5  

5 00 , 00 0  - 7 5 0 , 00 0  1 5  2 1  

Above 7 5 0 , 000 9 1 2 . 5  

The monthly mean val ue s  ( +  Standard E rror) , for the 7 2  

herds i s  shown i n  F igure 4 . 1 .  The ce l l  coun ts were h ighe s t  in 

November and December w i th a mean o f  5 8 2 , 000 � 49 , 000 ce l l s  pe r ml a�d 

5 86 , 000 � 49 , 000 cel ls per ml re spe c tive l y . The lowe s t  ce l l  counts 

were recorded in July and the mean was 2 9 7 , 00 0  + 24 , 00 0  ce l l s  per ml . 
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FIG . 4 . 1 :  Monthly Mean Herd Bulk Milk Ce l l  Counts 
� Standard E rror for 72 herds from April 
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F igure 4 . 2 shows the dis tribution o f  the herds according 

to the i r  bulk milk ce l l  counts within each month . The se are 

e xpre ssed as the percentage of he rds in e ach o f  the four groups . 

The percen tage of herds above 750 , 000 ce l l s  per ml i ncreased from 

four percent in July 1 9 7 5  to twenty five - thirty four percent 

i n  Novembe r and De cembe r 1975 whereas for counts under 250 , 000 

cells per ml there was a decrease from fi fty one percent to 

twenty seven percent of herds dur i ng thi s per iod . 

F rom the data in Table 4 . 1  the f ive herds having 

the highe s t  me an soma tic ce ll counts ( He rd No . 10 , 1 3 , 16 , 19 

and 63) and the five he rds with the lowe s t  mean ce l l  counts ( He rds 

No . 2 ,  3 ,  4 ,  7 and 1 1 )  were sele cted and the i r  month ly di s tribution 

s omatic ce l l  counts for the twe lve months i s  presented i n  F ig .  

4 . 3 .  The higher ce l l  c ount herds had 564 , 000 ce lls pe r ml in 

July 1975 and this incre ased to 1 , 25 2 , 000 and 1 , 2 34 , 000 ce l l s  per 

ml in November 1975 and December 1975 respe c ti vely . The lower 

c e l l  count herds had val ue s  of 84 , 000 c e l l s  per ml in July and i n  

Novembe r 126 , 000 and De cembe r 108 , 000 c e l l s  per ml . 
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TABLE : 4 .  3 

Me;�n v a l ue s f o r  ea�h o f 56 he rd s c a l c u l a t ed f ro� t w e l v e  mon t h l t 
m<'.• B U , .,m,· n t s  on h u l k  �I l k fur  e"ch hl' rd  ana l y sed f o r  Homa t i c  c e l l  
ruun t , m i l k  y i e ld f � t  p e r c e n t age . f a t  y i e l d , p rv t e i n  
a n d  p ro t e i n  y i e l d .  

H"rd Numb e r  a 
Numb l' r  o f  cowa 

* 
* 
• 
* 
* 
• 
* 
• 
• 
• 
• 
• 
• 
• 
• 
• 
* 

* 

1 1 4 5  
2 8 9  
) 1 1 4 
4 2 0 3  
� 7 7  
6 9 8  
7 1 39 
8 1 2 9  
9 1 1 7 

1 0  1 02 
1 1  8 2  
1 2  1 0 4  
1 3  9 1  
1 4  1 60 
1 5  7 1  
1 6  7 0  
1 7  9 1  
1 8  8 2  
1 9  1 30 
2 0  8 2  
2 1  2 4  
2 2  1 4 4  
2 3  1 2 0  
2 4  8 7  
2 5  1 30 
2 6  1 0 1  
2 7  1 4 0 
2 8  1 0 7  
2 9  2 4 0  
3 0  6 1  
3 I 9 3  
3 2  1 2 1  
3 3  9 5  
3 4  9 6  
3 5  1 2 5 
36 2 7  
3 7  1 00 
38 88 
) 9  1 00 
4 0  8 0  
4 1  5 5  

. 4 2  5 5  
4 3  5 2  
4 4  8 7  
4 5  1 4 6  
4 6  9 6  
4 7  1 2 7  
48 44 
49 5 0  
50 8 0  
5 1  9 8  
5 2  5 2  
5 1  9 5  
\4 l i S 
55 7 7  
')I, 78 

,. _  -- - - --

· :  

* 

Bu l k  mean .'lean milk  Average 
c e l l  count y i e l d  f a t  

( 1 0 1 c e l l a /  •• l )  ( l i t re s )  p e r centage 

1 9 6 1 3 . 4  4 . 4 2  
1 6 3  1 1 . 1  4 .  1 7  

9 5  1 2 . 2  4 . 3 7 
1 3 7 1 4 . 0  4 . 20 
7 5 9  1 0 . 1  4 . 4 3  
3 2 6  1 1 . 0 4 . 2 3  
l b2 1 4 . 2  4 . 2 ) 
1 7 7 1 8 . 6  3 . 84 
302 1 4 . 6  4 . 06 
84 1 1 2 . 7  4 .  1 3  

8 2  1 1 . 1  4 . 4 1  
2 i' 6  1 2 . 7  4 . 3 1 

1 , 1 0 5  1 1 . 3  4 . 08 
349 1 ) . 4  4 . 1 7  
1 8 2  1 2 . 9  4 . 5 6 
8 9 6  1 0 . 4  3 . 84 
6 7 3  1 0 . 5  4 .  1 7  
6 8 7  1 2 . 8  4 . 1 3 
8 2 5  1 1 .  1 4 . 35 
6 4 3  1 2 . 7  4 . 1 1  
54 7 1 1 .  1 4 .  1 6  
2 78 1 1 . 3  4 . 2 1  
3 5 8  1 1 . 9 4 . 50 
3 5 5  1 0 . 9  4 . 1 9 
2 9 8  1 1 . 8  4 . 4 1  
394 1 0 . 5  4 . 1 8 
5 5 3  1 1 . 2 3 . 9 5 
2 5 0  1 2 . 0  4 . 46 
2 2 3  1 3 . 7  4 .  1 3  
3 4 5  1 2 . 0  4 .  1 2  
5 3 3  1 2 .  I 4 . 4 2 
3 2 8  1 1 . 1  4 . 06 
366 1 2 .  I 4 . 1 6 
34 2 1 2 . 4  3 . 94 
58 3 1 0 . 4  4 .  1 2  
7 8 5  1 0 . 8  4 . 03 
5 3 7  1 0 . 9  4 . 30 
2 7 8 1 0 . 6  4 . 43 
4 1 8  1 0 . 4  4 . 3 9 
3 2 8  1 3 . 9  3 . 9 3 
2 9 3  1 2 . 0  4 .  1 7  
5 4 8  1 2 . 7  4 .  28 
3 9 1 1 2 . 2  4 .  3 1  
6 1 3  1 1 . 2  4 . 06 
7 5 5  i 2 .  I 4 . 28 
4 3 7  1 2 . 6  4 . 2 2  
5 5 8 1 0 . 9  4 .  1 8  
4 1 1  1 0 . 5  4 . 30 
308 1 0 . 9  4 . 5 7 
2 8 7  1 1 . 8 4 . 09 
2 5 3  1 2 . 6  3 . 92 
1 9 3  1 3 . 0  4 . I S 
4 6 6  1 3 . 8  4 .  39 
34 ) 1 3 . 6  4 .  26 
765 1 0 . 9  3 . 96 
300 1 0 . 3  4 . 3 5 

farms i nvo l ved In i nd i v i d u a l  v i s i t s .  

P E R  C0\.1 
Mean fat  

y i e l d  
( k g )  

o .  5 9 2  
0 . 4 6 3  
0 . 5 3 3  
0 .  588 
0 . 4 4 7  
0 . 4 6 5  
0 . 60 1  
0 . 7 1 4  
o .  5 9 3  
0 . 5 2 5  
0 . 4 9 0  
0 .  5 4 7  
0 . 4 6 1  
0 . 5 5 9  
0 .  5 8 8  
0 . 3 9 9  
0 . 4 38 
0 . 5 2 9  
0 . 4 8 3  
0 .  5 2 2  
0 . 1. 6 2  
0 . 4 7 6  
0 . 5 3 6  
0 . 4 5 7  
0 .  5 2 0  
0 . 4 39 
0 . 4 4 2  
0 . 5 3 5  
0 . 566 
0 . 4 94 
o. 5 3 5  
0 . 4 5 1  
0 . 50 3  
0 . 48 9  
0 . 4 2 8  
0 . 4 3 5  
0 . 4 6q 
0 . 4 7 0 
0 . 4 5 7 
0 .  5 4 6  
0 . 500 
0 . 5 4 4  
0 . 52 6  
0 . 4 5 5  
0 . 5 1 8  
0 . 5 3 2  
0 . 4 5 6  
0 . 4 5 2  
0 . 4 9 8  
0 . 4 8 3  
0 . 1. 94 
o .  5 4 0  
0 . 606 
0 . 5 7 9  
0 .  4 3 2  
0 . 4 4 8  

percent age 

PER DAY 
Ave r age 
p ro t e in 

p e r c e n t a g e  

3 . 4 7  
3 . 48 
3 . 38 
3 . 4 1  
3 .  5 1  
3 . 4 2  
3 . 2 6  
3 . 48 
3 . 35 
3 . 38 
3 . 4 9  
3 . 4 2  
3 .  37 
3 . 2 6 
3 . 56 
3 . 2 7  
3 . 50 
3 . 2 9 
3 . 4 7 
3 . 4 5  
3 . 4 1  
3 . 48 
3 . 54 
3 . 3 2 
3 . 4 2  
3 . 39 
3 . 4 4 
3 . 4 3 
3 . 2 9 
3 . 38 
3 . 54 
3 . 4 2 
3 . 4 6 
3 . 35 
3 . 3 5 
3 . 2 9 
3 . 38 
3 . 5 3 
3 . 42 
3.  32 
3 . 5 4 
3 .  5 1  
3 . 48 
3 . 4 9  
3 . 49 
3 . 4 2 
3 . 4 7 
3 . 38 
3 . 48 
3 . 2 9 
3 . 3 6 
3 . 2 6 
) . ) 7 
3 . 38 
3 . 34 
3 . 4 2  

Mean prot e in 
y i e l d  
(kg) 

0 . 4 6 5  
0 . 386 
0 . 4 1 2  
0 . 4 7 7  
0 . 3 5 5  
0 . 3 7 6  
0 . 4 & 3  
0 . 6 1 6 
0 . 4 8 9  
0 . 4 2 9  
0 . 38 7  
0 . 4 )4 
0 . 38 1  
0 . 4 2 4  
0 . 4 5 9  
o .  3 4 0  
0 . 368 
0 . 4 2 1  
0 . 38 5  
0 . 4 38 
0 . 3 7 9  
0 . 39 3  
0 . 4 2 1  
0 . 362 
0 . 404 
0 . 3 5 6  
0 . 38 5  
0 . 4 1 2  
0 . 4 5 1  
0 . 406 
0 . 4 2 8  
0 . 380 
0 . 4 1 9  
0 . 4 1 5  
0 . 348 
0 . 3 5 5  
0 . 368 
0 . 3 7 4  
0 . 3 5 6  
0 . 4 6 1  
0 . 4 2 5 
0 . 4 46 
0 . 4 2 5  
0 . 39 1  
0 . 4 2 2  
0 . 4 3 1  
0 . 3 7 8  
0 . 3 5 5  
0 . 3 7 9  
0 . 388 
0 . 4 2 3  
0 . 4 24 
0 . 4 65 
0 . 460 
o. 364 
0 . 3 5 2  
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, 4 . 1 . 2  Data from herds which provided information about milk 

production : 

The annual mean re s ul ts for some o f  the parame ters tha t  were 

measured monthly for each of the 56 herds are pre sented in Table 4 . 3  

and Tab l e  4 . 4  shows the general overall information for the se herds . 

TABLE 4 . 4  Mean value s  a nd range for bulk milk o f  5 6  herds 

( Apri l 1975 to March 1976) . 

I tem Mean Range 

Herd s i ze ( no .  cows ) lOO 2 4  to 240 

3 
Me an Bulk milk c e l l  counts ( 10 cel ls 

per ml ) 4 30 8 2  to 1 , 105 

% counts under 250 , 000 c e l l s  per ml . 32 21 to 5 1  

% c ounts 250 , 00 0  - 500 , 000 c e l l s  per ml 36 2 2  to 4 8  

% coun ts 500 , 0 00 - 750 , 000 c e l ls per ml 18 9 to 30 

% c oun ts above 7 5 0 , 000 ce l l s  per ml 14 4 to 34 

Daily milk y i e l d  ( l itre s pe r cow) 12 10 . 1  to 18 . 6  

M i l k  fat percentage 4 . 20 3 . 84 to 4 . 5 7 

Mil k  prote in percentage 3 . 4 1 3 . 26 to 3 . 56 

Dai l y  milk fat yield (kg . per cow) 0 . 506 0 . 399 to 0 .  7 14 

Dai ly milk prote in yield ( k g . per cow) 0 . 409 0 . 34 0  to 0 . 6 16 
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The data i n  Table 4 . 3  were sub j e c t  to linear regre s s ion 

analy se s .  The resul ts of thi s  regression analysis be twe e n  annual 

mean bulk milk cell c ount (BMCC ) for each he rd ( Independent Var iable ) 

and the several dependent var i ab l e s  are shown in Table 4 . 5 .  

TABLE 4 . 5 : Re sults o f  regre s s io n  analy ses be tween annual mean bulk 

milk cell counts ( BMCC) for each herd ( I ndependent 

Variab l e )  and seve ral dependent vari able s .  

Linear Regre s si on Equation 
Corre lation Sign i f i c ance 
coefficien t o f  

correlation 

l . Milk Yield = 1 3 . 05 - 24 . 1  X l0
-7 

x BMCC -0 . 3 7 P< 0 . 0 1 
( l itre s/cow/day ) . 

2 . Milk Fat y i e ld - 7  
( kg . /cow/day ) 0 . 5 6 - 1 . 2  X 1 0  x BMCC -0 . 4 6  p < 0 . 0 1  

3 .  Total Prote in - 7  
x BMCC -0 . 39 p < 0 . 0 1  

y ield 0 . 44 - 0 . 8  X 1 0  

( kgjcow/day ) 

- 7  
-0 . 25 4 . %  Milk Fat 4 . 3  - 1 . 9  X 1 0  x BMCC p <  0 . 1  

(per cow) 

5 . %  Prote in = 3 . 4  - 0 . 09 
- 7  

X 1 0  x BMCC -0 . 0 3  N . S . 
( per cow )  

F igures 4 . 4 ,  4 . 5 ,  4 . 6  and 4 . 7  show the relation be tween bulk 

mi lk cell coun ts and the daily milk y i e ld , daily fat yiel d ,  daily total 

milk prote in y i e ld and percentage o f  milk fat for the 56 herds . The 

mean value for e ach herd was calculated from 1 2  monthly measurements from 

Apr i l  1975 and March 1976 . 
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Relation between Mean Milk Yield ( Y )  and Mean Herd Bulk Milk Ce l l  Count ( X) 
calculated for 5 6  herds from 12 monthly value s from Apr il 1975 to March 1 9 76 . 
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4 .  2 . DATA FROM NINETEEN OF THE 7 2  HERDS SELEC'!'BD FOR FARM VIS I TS : 

4 . 2 . 1  Me an Values 

Table 4 . 6 l is ts a summary of the gene ral information about 

the 19 herds that were vi s i ted four t imes during the experimental 

per i od . The results are generally simi lar to those o f  5 6  he rds that 

were involve d  in the bulk milk analys i s  ( Table 4 . 4 ) . 

TABLE 4 . 6 :  Mean values and range for the 19 herds ; calculated 
from twelve mon tli y  value s ( Apri l  1975 to March 1 9 76 )  . 

I tem Mean Range 

Herd S i ze ( no . cows ) llO 7 1  to 203 

Mean bulk milk cell coun ts ( 10
3 

ce l l s  

pe r ml ) 470 105 to 1240 

* % counts under 2 5 0 , 00 c e l ls per ml .  39 . 5  3 7  to 4 7  

* % counts 2 5 0 , 000 to 5 0 0 , 000 ce l l s  pe r ml 9 . 1  () to 32 

* % counts 5 0 0 , 000 to 7 5 0 , 000 cells per ml 2 5 . 0  5 to 37 

* % counts above 750 , 000 ce l ls per ml 28 . 0  16 to 37 

Daily mi lk yield ( l i tres per cow) 12 . 5  10 . 1  to 18 . 6  

Milk fat percentage 4 . 2 2 3 . 84 to 4 . 56 

Milk prote in percentage 3 . 4 2  3 . 26 to 3 . 56 

Daily mi lk fat y ield (kg per cow) 0 . 5 27 0 . 399 to 0 . 7 1 4  

Dai ly mi lk protein yield (kg per cow) 0 . 4 14 0 . 34 0  to 0 . 6 16 

* Bulk Milk Cel l  Count o f  herds . 

' 
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From the n ine teen he rds ana lyses of the relation 

be tween the c e l l  counts in the bul k  milk tank sample s col le c ted 

from the milk proce ss ing centre (milk factory ) and the ce l l  

counts i n  the bulk milk tank samples collected f rom the far m  

itse l f  (on the day it was vis i te d ) , s howed that the relationship 

was highly significant , (Fig . 4 . 8 ) . The means o f  the factory 

bulk milk and farm bulk mi lk ce l l  n umbers were 4 3 0 , 000 c e l l s  

per ml and 4 7 0 , 00 0  ce l l s  per ml re spec tively . The corre lation 

coe fficient be tween the s e  sets of data was 0 . 96 .  

The monthly mean va lue s  ( + Standard Errors ) for 

the nineteen herds is shown in Fig . 4 . 9  toge the r with ' the 

cases of c l in i cal mastitis per l O O  cows for one day in e ach month 

(Hay 1975 , August 1975 , November 1 9 7 5  and February 1976) . The 

somatic ce l l  c ounts were lowe st in July with a mean of 3 2 0 , 00 0  

ce lls p e r  ml , and the highe st counts were Novembe r and December 

wi th a mean o f  5 1 5 , 000 and 480 , 00 0  ce l ls per ml re spective ly . 

The percen tage o f  cows with cl inical mas titis were lowe st i n  May 

( 1 . 9% )  and h i ghe s t  in Novembe r , ( 2 . 6% ) . There was no s ign i f i-

cant difference between the 4 month s ( May , August ,  Novembe r 1 9 75 , 

and February 1 9 7 6 )  and c l inical mas t i ti s . 
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4 .  2 . .  2 The · re lation between Farm Bulk ' Milk Cel l  Count and 
the ce l l  counts in mi lk of individual cows in the 
herds ; and the incidence o f  c l inical mastitis i n  the 
same herd . 

I n  Table 4 . 7  are shown the average values for the 

19 he rds which were c a lculated from the data recorded on the 4 vis i ts 

during the period Apr i l  19 75 to 1976 for farm bulk milk ce ll coun t ,  

cl inical mastitis and the distribution o f  indiv idual cows according 

to the i r  mean ce l l  coun t  in each o f  3 groups i . e .  unde r 250 , 000 ce l l s  

per ml , 2 5 0 , 000 to 5 00 , 000 ce l l s  pe r ml and above 500 , 00 0  ce l l s  per ml . 

TABLE 4 .  7 :  Mean values for 19 herds ( calcul a ted from data recorded on 
4 v is i ts dur ing period Apri l  1 9 7 5  to March 1 9 7 6 )  for 
farm bulk mi lk ce l l  count , c l inical mastitis and distri� 
bution o f  individual cows according to the ir mean cell 
count i n  e ach of three groups . 

Herd No . of Mean Farm Bulk Percentage of Cows C l inical 
No . Cows Milk Ce l l  Count Unde r 250 2 5 0 - 500 Above Mast i ti s  

( l0 3ce l l s/ml) . 
50 0 

( cows per 
lOO cows 

_ 1Q 3 
c e l l s  per ml . per day 

1 1 4 5  2 0 0  7 2  1 2  16 1 . 8  

2 8 4  2 0 0  7 7  6 17 1 . 3  

3 1 1 4  1 3 8  86 7 7 0 

4 2 0 3  1 0 5  8 1  9 10 0 . 4  

5 7 7  1 3 10 4 2  1 3  4 5  5 . 4  

6 9 8  2 8 8  6 8  1 4  18 1 . 7  

7 1 3 9  2 2 0  6 0  1 5  2 5  1 . 6  

8 129 2 0 0  78 9 1 3  0 . 7  

9 1 1 7  4 0 5  5 5  1 7  24 1 . 0  

10 102 9 8 3  44 . 5  16 . 5  39 3 . 4  

11 8 2  1 25 84 10 6 0 . 6 

12 104 3 3 3  6 3  14 23 3 . 1  

1 3  9 1  1 24 0  3 1  14 5 5  5 . 0  

14 1 6 0  3 9 3  6 5  1 2  2 3  2 . 2  

15 7 1  2 1 3  74 l l  15 2 . 2  

16 7 0  1 0 0 3  3 3  16 5 1  4 . 3  

17 9 1  8 5 5  38 1 4  48 3 . 4  

18 8 6  6 0 2  5 5  1 3  3 2  2 . 0  

19 1 3 0  9 0 7  4 3  1 5  4 2  3 . 8  
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The rel ation b e tween the percen tage of cows within each he rd 

which fel l  into each of the three groups and the farm bulk milk ce l l  

count was sub j ec ted to l inear regre s s ion analyse s .  The re sults were ; 

( 1 ) Under 2 5 0 , 000 ce l l s  per ml 

Percen tage of cows i n  herd 
-4 

8 1 . 6  - 0 . 4  x 10 x Bulk Milk Cel l  Count 

(r - 0 . 9 1 ;  P < 0 . 01 )  

( 2 ) 2 5 0 , 000 to 500 , 000 ce l l s  pe r ml 

Percentage of cows in he rd 10 . 2  + 0 . 04 X 10-4 x Bulk, Milk Ce ll Count 

( r = 0 . 5 7 ; p < O . O l ) . 

( 3 ) Above 500 , 000 ce l l s  pe r ml 

Percentage of cows i n  he rd 
-4 

8 . 2  + 0 . 36 x 10 X Bulk Mi lk Ce l l  Count 

(r = 0 . 9 5 ; p <  0 . 0 1 ) . 

The se results are i l l ustra ted in F i g . 4 . 10 and show that with 

an increase in Farm B ulk Milk cel l counts the pe rcentage of cows having 

c e l l  counts above 500 , 000 ce l l s  pe r ml increase , wh ile the percentage 

of cel l  counts of unde r 2 5 0 , 000 c e l l s  pe r ml de crease . The cows having 

counts of 2 5 0 , 000 - 500 , 00 0  ce l l s  per ml however do not show such good 

relation as the other two groups . 

F igure 4 . 1 1 s hows the relation between inc idence of c linical 

mastitis and farm bulk m i lk ce l l  count . The regre s s ion equation 

de scr ib ing th is re lation was : -

Cases o f  C l inical Mas t i t i s  
(pe r  l O O  cows) 

0 . 4 8 + 0 . 0 36 x 1 0-4 x Bulk Mi lk Cel l  Count 

( r  = 0 . 9 2 p < 0 . 0 1 ) . 

Table 4 . 12 shows the relation be tween the case s o f  subcl i nical 

mastitis ( ce l l  count greater than 500 , 000 c e l l s  per ml ) , and the 

incidence of c l inical mastitis pe r 100 cows . 
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Regre s s ion l ine s o f  percentage of cows wi th l ow , 

medium and h igh somatic ce l l  counts , ( Y )  on Farm 

B ulk Milk Ce l l  Coun ts .  

• = Under 2 5 0 , 000 ce l l s  per ml ( Low) 

Y = 2 - 0 . 04 X + 8 1 . 6 .  

r = 0 . 9 1 ( P  < 0 . 01 )  

a 2 5 0 , 000 - 500 , 00 0  ce l l s  per ml ( medium) 

Y = 0 . 004 X + 10 . 2  

r = 0 . 5 7  ( P  < 0 . 0 1)  

• = Above 5 00 , 000 ce l l s  per ml ( h igh ) 

Y = 0 . 0 36 X + 8 . 2  

r = 0 . 95 ( P  (. 0 . 01 )  
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FIG . 4 . 12 :  Re lation o f  cases o f  s ub-cl inical mas titis 
pe r lOO cows ( above 500 , 000 ce l l s per rnl)  and 
case s of C l inical Mast i ti s  per lOO cows . 
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TABLE 4 . 8 :  

No . of  
Herd No . c ows 

1 1 4 5  

2 89  

3 1 1 4 

4 2 0 3  

5 7 7  

6 98  

7 1 39 

8 1 29 

9 1 1 7 

1 0  1 0 2  

1 1  8 2  

1 2  1 04 

1 3  9 1  

14  1 60 

1 5  7 1  

To tal  o f  
a l l  herds 1 7 2 1 

S ummary o f  l inear regr e s sion analyses showing the relat ion between mean c e l l  
coun t s  (X) (arithme t i c  and geome t r i c ) and produc t ion index (Y) o f  individual 
c ows . 

Correlation 
c o e f f ic ient 

-0 . 0 1  

-0 . 1 4 

-0 . 1 6 

-0 . 03 

-0 . 3 7 

-0 . 1 7  

-0 . 2 6 

-0 . 0 5  

-0 . 1 8 

-0 . 1 5 

-0 . 1 8 

-0 . 1 6 

-0 . 4  

-0 . 20 

-0 . 2 6 

-0 . 1 8 

ARITHMETIC MEAN 

Regres s ion Y- ' F '  Tes t for 
coef!�c ient Intercept s ignificance 

( 1 0 ) o f  regress ion 
c o e f f ic ient 

-0 . 004 1 0 1  N . S .  

-0 . 0 9 2  1 05 N . S .  

-0 . 09 3  1 02 < 0 . 1 

-0 . 02 9  1 0 2  N . S .  

-0 . 1 5 3  1 1 3 < 0 . 0 1 

-0 . 1 1 0 1 06 < 0 . 1 

-0 . 1 3 9  1 09 < 0 . 0 1  

-0 . 0 2 8  1 03 N . S .  

-0 . 062  1 0 1  < 0 . 05 

-0 . 040  1 0 3  < 0 . 2 5 

-0 . 2 2 7  1 0 7  < 0 . 1 

-0 . 088 1 04 < 0 . 1 

-0 . 1 7 8  1 1 6 < 0 . 0 1 

-0 . 0 9 3  1 0 3  < 0 . 0 1 

-0 . 1 7 4  1 03 < 0 . 05 

- 0 . 0 9 0  1 05 < 0 . 0 1  

Correlat ion 
coef f ic i ent 

-0 . 004 

-0 . 1 3  

-0 . 1 4 

-0 . 05 

-0 . 34 

-0 . 20 

-0 . 2 5 

-0 . 1 5 

-0 . 2 0 

-0 . 1 4 

-0 . 1 1 

-0 . 1 9 

-0 . 1 4 

-0 . 2 2 

-0 . 32 

-0 . 1 6 

GEOMETRI C MEAN 

Regr e s s ion Y- ' F '  Test for 
c oe f f i��ent Intercept s ignificance 

( 1 0  ) o f  regres s ion 
coeffic ient 

-0 . 004 1 0 1  N . S .  

-0 . 0 9 5  1 05 < 0 . 2 5 

-0 . 089  1 0 1  < 0 . 25 

-0 . 0 4 6  1 02 N . S .  

-0 . 1 4 4  1 1 2 < 0 . 0 1 

-0 . 1 4  7 1 0 7  < 0 . 05 

-0 . 1 4 9  1 09 < 0 . 0 1 

-0 . 099 1 05 < 0 . 1 

-0 . 0 7 4  1 0 1  < 0 . 05 

-0 . 04 3  1 0 3  < 0 . 2 5 

-0 . 2 1 6  1 0 6  N . S .  

-0 . 1 1 9  1 04 < 0 . 05 

-0 . 0 6 3  1 06 < 0 . 2 5 

-0 . 1 1 1  1 0 3  < 0 . 0 1 

-0 . 2 5 0  1 05 < 0 . 0 1 

-0 . 0 9 2  1 05 < 0 . 0 1  

-...] 
0 
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4 . 2  . 3  Produc tion Inde x and Ce ll Count for I ndividual Cows : 

The re lationship between production i ndex and mean cell 

count for each cow within e ach o f  the 15 herds was calculated by 

regress ion ana lyses ; the results are shown in Table 4 . 8  for each 

herd calcul ated from both the arithmetic and ge ome tric mean cel l  

coun t .  I n  all o f  the herds the corre lation coe f f i c ients and 

regre s s ion coe f ficients between individual cow ce l l  counts and 

production index are negative . The total corre l a tion and regress ion 

coe f fi cient for cell count on produc tion inde x in the 15 herds using 

Ari thmetic mean was - 0 . 18 and - 0 . 0 9 x l0-4 re spe ctive ly and highly 

s ignificant P < 0 .  01 ; the c orre sponding values for analyses using 

- 4  the geome tr i c  mean cel l count were - 0 . 16 and - 0 . 0 5 2  x 10 ( P< 0 . 0 1 ) . 

4 . 2. _4 Age and Ce ll Count : 

A s eries of chi -square analyses was carried out to e xamine 

the relation be tween age of cows and leve l  of cel l count ( Table 4 . 9 ) . 

The value s  for ce l l  counts were divided into two groups , low (�00 , 000) 

and high( >300 , 000 find the relation was s igni f icant i n  14 o f  the 15 herds . 

The mean cell count from cows o f  each age were calculated from the 

actua l  data recorded in e ach herd and the resul ts are shown in Table 

4 . 10 ;  thi s  shows that an i ncrease i n  age was assoc i ated with an i ncrease 

in the mean somatic cel l  count o f  cows . 



TABLE 4 . 9 :  

72 . 

Relation between age and cel l  count o f  cows and somatic 
cel l  counts usi ng i ndividual cows ( Chi-square distr ibut ion 
analyse s . ) 

Number o f  Cows in Herd 
Herd Somatic Ce l l  2 

No . Count Total 2 - 3yrs 4 - 6yrs 7yrs X value S igni ficance 

1 Low 1 0 3  3 2  4 9  2 2  14 . 7  0 . 005 
High 4 2  3 19 20 

2 Low 65 3 2  3 3  7 . 7  0 . 05 
H igh 24 4 20 

3 Low 105 4 3  3 7  25 8 . 2 1 7  0 . 05 
H igh 9 1 2 6 

4 Low 169 80 5 7  3 2  1 8 . 5 1  0 . 005 
H igh 34 5 1 2  17 

5 Low 25 17 7 1 7 . 19 0 . 05 
H i gh 5 2  19 2 4  9 

6 Low 70 28 3 3  9 11 . 56 0 . 00 5  
H i gh 28 5 1 1  12 

7 Low 9 2  4 0  4 3  9 31 . 1 2 0 . 605 
H igh 4 7  1 1  1 1  2 5  

8 Low 106 50 4 1  15 30 . 7  0 . 005 
H i gh 2 3  1 7 15 

9 Low 6 5  19 3 8  8 30 . 38 0 . 005 
H igh 5 2  4 1 7  3 1  

1 0  Low 38 26 1 0  2 
1 7 . 0 3 0 . 005 

H igh 64 18 2 9  17 

1 1  Low 69 1 7  34 18 1 . 04 6  N . S . 
H igh 1 3  1 6 5 

1 2  Low 5 8  29 19 10 10 . 75 0 . 00 5  
H igh 46 9 2 1  16 

1 3  Low 18 12 6 0 2 4 . 0 7  0 . 005 
H i gh 7 3  10 34 29 

14 Low 1 0 3  4 6  39 18 2 9 . 04 0 . 005 
H i gh 5 7  9 15 3 3  

1 5  Low 5 4  3 6  1 7  1 19 . 5  0 . 005 
H igh 1 7  2 1 1  4 

Low C0::: 300 1 000 cel l s/ml 

H igh � 300 , 000 cell s/ml 
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TABLE 4 . 10 :  Average Somatic Ce l l  Count of cows at d i fferen t  age s . 

Average Somatic Ce l l  Count ( l0 3c e 1 1 s/ml ) 

Herd No . of 
No . cows 2 y r s . 3 yrs . 4 yrs . 5-6 yrs . 7 yrs 

as above 

1 1 4 5  1 0 1  1 3 9  2 9 4  2 38 354 

2 8 9  1 3 1  154 324 

3 1 1 4  9 8  9 7  114 1 5 1  2 5 4  

4 2 0 3  104 1 3 7  1 5 7  204 308 

5 7 7  3 1 5  4 84 5 9 5  9 2 6  6 70 

6 9 8  166 2 14 217  329 4 3 5  

7 1 3 9  1 8 1  204 183 240 5 18 

8 1 2 9  1 0 7  104 1 30 190 412 

9 1 1 7  14 2 150 356 5 56 

10 102 3 2 3  3 6 3  5 90 606 949 

1 1  8 2  1 18 160 244 2 2 2  

1 2  104 2 7 1  208 282 491 4 5 3  

1 3  9 1  380 460 884 781 989 

14 160 182 1 9 7  2 0 6  3 3 7  5 34 

15 7 1  1 0 2  1 5 3  289 293  7 5 6  

Mean 1 7 2 1 189 2 1 2  304 385 5 16 
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4 . 2. 5  Daily va lue s  for cell counts in May ' 75 and Feb ' 76 : -

B ulk milk ce l l  count s we re measured daily for the 19 herds 

i n  May 1 9 7 5  and February 1976 ; the se results are give n  i n  ,Table 

4 . 1 1 .  I n  May 1975 , Bulk Mi lk C � l l  CJunts means of the herds ranged 

from 1 1 0 , 00 0  ce l l s  per ml to 7 4 5 , 0 00 cells per ml ; in February 1 9 76 

the range was 9 0 , 000 to 980 , 000 c e l l s  pe r ml .  The coe f fi c ient of 

variation value s  for the mean value s of e ach of the herds are also 

shown i n  Table 4 . 11 .  The mean coe fficient of variation for all 1 9  

herds i n  May 1 9 7 5  was 21% and i n  February 1 9 7 6  was 20% . 

The me ans o f  the dai l y  value s  for bulk milk c e l l  counts 

measure d in May 1 9 7 5  were calculated for e ach he rd ; the relations 

be tween the se value s and the bulk milk cell count rece ive d  on one day 

in May ( from sample s collected at the mi lk proce ssing s ta tion) refe rred 

to as FACTORY B ULK MI LK SAMPLES and those col lected dur ing i ndividual 

farm v i s i ts , re fe rred to as FARM B ULK MI LK SAMPLES were sub j e c ted to 

l ine ar regre ssion analyse s . 

collecte d  in February 1976 . 

Thi s  procedure was repeated for the data 

Table No . 4 . 12 shows the me an of daily 

bulk milk cell coun ts (BMCC) and the one day value s  of facto ry and farm 

bulk milk cell counts for May 1 9 7 5  and February 1 9 76 . 



Herd No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

TABLE 4 . 1 1 :  Soma t ic c e l l  coun t s  o f  bulk milk col l ec t ed d a i l y  dur ing May 1 9 7 5  
and February 1 9 7 6  f rom M i l k  Process ing S t a t ion . 

1 0 3 c e l l s /m l  
Coe f f i c i ent o f  

1 0 3 c e l l s /ml 

Mean S t d . error S t d . d eviat ion variat ion ( % )  Mean S t d . error S t d . d eviat ion 

2 5 0  1 4  5 5  2 2  1 1 0 5 1 5  

1 95 1 0  40  2 1  2 1 5 8 3 0  

1 0 0  9 2 0  2 0  9 0  5 2 0  

1 30 9 40 3 1  1 2 5  1 2  4 0  

4 7 0  1 4  7 0  1 5  8 4 5  5 4  200 

1 4 0  1 1  40  2 9  2 5 5  1 6  60 

1 8 0  1 1  50  28  1 70 1 2  50  

1 2 0  1 1  40  3 3  1 8 0  1 7  60 

285 1 1  5 0  1 8  2 9 0  1 3  so 
745 1 1  30 4 7 5 5  2 4  8 5  

80  9 20 2 5  90 6 20 

1 8 0  1 1  30 1 7  400 3 5  1 1 5 

7 3 0  4 3  1 4 0  1 9  980  53  1 95 

3 2 0  1 1  50  1 6  365  1 8  65 

1 1 0 1 3  50  46  2 4 5  1 4  5 0  

400 1 5  60 1 5  880 6 0  2 1 5  

445 1 3  so 1 1  5 9 0  1 4  5 0  

500  1 3  5 5  1 1  4 5 0  2 5  95 -

745  1 0  4 0  5 840 25  85  

Coe f f ic ient of  
var ia t ion (%)  

1 4  

1 4  

2 2  

3 2  

2 4  

2 4  

3 0  

3 3  

1 7  

1 1  

2 2  

29 

20 

1 8  

20 

24  

9 

2 1  

1 0  
-...! 
(.11 



Herd 
No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
l l  
1 2  
1 3  
1 4  
15 
16 
1 7  
1 8  
19 

TABLE 4 . 12 :  

Bulk Milk 
cel l  count 
( Daily)  

Mean o f  Daily Bulk Mi lk Cell Counts ( BMCC ) collected in May 1975  and February 1 9 76 
and the corresponding values for Factory and Farm Bulk Milk Cel l  Counts collected 
on one day . 

M A Y  F E B R U A R Y  

Bulk Milk ce 1 1  Bulk Mi lk ce l l  Bulk Milk Bulk Milk ce l l  Bulk Mi lk cell 
count for milk count from farm ce l l  count count for milk count from farm 
factory ( 1  day ) when vi sited ( Daily)  factory ( 1  day) whe n  visi ted 

( 1  day) ( 1  day) 

10 3 cel l s  per rnl 10 3 ce lls per rnl 

2 5 0  2 10 1 2 0  l lO 100 140 
195 210 2 70 2 15 210 2 10 
100 120 210 90 100 120 
1 3 0  100 120 1 2 5  1 2 0  100 
4 7 0  380 380 845 1000 1280 
14 0 2 10 2 1 0  2 5 5  2 30 300 
180 2 3 0  2 3 0  1 7 0  2 1 0  2 10 
1 2 0  180 180 180 200 2 10 
2 8 5  380 580 290 300 3 2 0  
745 7 10 5 30 7 5 5  7 10 9 2 0  

80 80 120 90 80 120 
180 2 10 140 400 380 380 
7 30 1000 1000 980 llOO 1100 
3 2 0  640 640 365 400 380 
110 2 10 lOO 2 4 5  300 3 7 0  
4 0 0  420 5 3 0  880 1480 1000 
4 4 5  5 80 5 30 5 90 580 580 
500 380 640 450 640 4 7 0  
7 4 5  780 780 840 830 9 2 0  

-...1 
0\ 



The regre s s ion analyse s re sul ts were : -

( l ) MAY 

( i )  Mean o f  daily B . M . C . C . =  2 7 . 3  + 0 . 8  x Fac tory m1cc 

( r  0 . 9 1 ;  P < 0 . 0 1) 

( ii )  Me an o f  daily B . M . C . C . =  109 + 0 . 4 9  x Farm BMCC 

( r  = 0 .  75 ; P < 0 . 0 1 )  

( 2 )  FEBRUARY 

( i )  Mean o f  daily B . M . C . C .  7 1 . 3  + 0 . 7 3 x Factory BMCC 

( r  = 0 . 9 5 ; P < 0 . 0 1 )  

( ii )  Mean o f  daily B . M . C . C .  = 4 1 . 4  + 0 . 7 9 Farm BMCC 

( r  = 0 . 94 ;  P < 0 . 0 1 )  

7 7  

The s e  re sults show that the Daily Bulk Milk ce l l  c ounts 

are s igni f icantly re lated to the Factory Bulk Mi lk ce ll and Farm 

Bulk Milk ce l l  counts i n  May 1 9 7 5  and February 19 76 . 
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CHAPTER FIVE 

DISCUS SION S AN D C ON C LUSION S :  

The present s tudy was carried out ove r 12 month s  w i th 

7 2  Town Milk Supply herds in the Palmerston North area whi ch 

supply mi lk for l i quid consumpti o n ; i t  was based on examination 

of he rd bulk milk samples by the Wiscons i n  Mastitis Te s t  and 

showed tha t  me an somatic cell counts for herds varied from 

8 2 , 000 to 1 , 105 , 000 c e l l s  per ml . The re sults indicated a 

large range in ce l l  counts be twee n  the suppliers of the M i lk 

Treatment S tation ( Town Milk Supply ) . The average ce l l  count 

for all herds for 12 months was 4 30 , 000 ce l l s  per ml and 3 2 . 5 % 

of the herds had ce l l  counts o f  grea ter than 500 , 000 ce l l s  pe r 

ml and would the re fore be cons ide red as mastitis problem herds . 

Holme s (per comm . 1 9 7 7 )  reporte d  that the cell counts obtained 

from Apr i l  1 9 76 to March 1977 showed simi lar overal l re sults to 

those reported from Apr i l  1975 to March 1 9 76 for the i nd ividual 

herds , howeve r the total mean of all the herds was 480 , 000 cel l s  

per m l  whi ch was s l igh tly higher . Earlier Holmes ( unpubl i shed 

1975 ) mon i tored the ce ll coun ts of 80 seasonal s upply herds of the 

Manawatu Co-operative from September 1974 to February 1 9 7 5  and 

showed that the average cell count for the se herds was 4 60 , 000 

ce lls per ml and 35% of the he rds had ce l l  counts exceeding 

5 00 , 0 00 cel l s  per ml . 

The monthly counti ng of bulk milk cel l  counts i s  

important i n  educating the dairyman about mastitis and creating 

awarene ss amongst them so that they w i l l  adopt some sort o f  

mastitis control programme . Pearson e t .  al . ( l9 7 2 )  repor te d  a 
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s ucces s ful te s ting and awarenes s  campaign i n  whi ch suppl iers ' mi lk 

were subj e c te d  to an e le c tronic cel l count and s ent the re sults with 

an explanatory no te . Hoare ( 19 7 6 )  s ugge s ts tha t  awarene s s , 

intere s t  and knowledge o f  mastitis precede , rather than fol low the 

adoption o f  c ontrol procedures .  Me i n  e t . al . , ( 1977)  i n  a s tudy 

i n  Victoria ( Australia) reported that when dai rymen were associated 

wi th greater knowledge and awareness o f  mastitis it resul ted i n  

s igni ficantly higher leve l s  o f  adoption of contro l measures i n  the i r  

herds . Hence i t  i s  reasonable to conclude that greater awarene s s  

and knowledge about mas titis w i l l  result i n  faste r  and greater 

adoption of control procedures and thi s  awarene s s  is be st 

accompl i shed b y  reporting the bulk m i l k  ce ll counts to the dairy-

man regularly . 

There was cons iderable var i ation in the average ce l l  count 

for all the s uppl iers between months during the experimental pe riod 

from April 1 9 7 5  to March 1976 . The h i ghe s t  ave rage ce ll numbers 

were in Novembe r  and December and the lowe st in July . The 

percentage o f  s uppliers ave raging c e l l  counts greater than 5 00 , 000 

c e l l s  per ml i ncreased from 13% in July to 5 1% and 46% in November 

and De cember re spectively - ( Fig . 4 . 2 ) . S imilar monthly var ia tions 

i n  cell counts have bee n  reported i n  W i s consi n  by Bodoh�t .  a l . ,  

( 19 7 6 )  who used the F i l te r  - DNA method and showed that c e l l  counts 

were highe s t  in July and August and lowe s t  i n  March ; July and August 

are the summer months in the Northern Hemi sphere and hence correspond 

to November and December in the Souther n  Hemisphere . Several s tudi e s  

have reported that thi s  s e asonal trend i s  due to a positive relation-

ship between ambie nt temperature and milk somatic cell conce ntration 

( Ne l son et . al . ,  1967 and Rousse l , 1 9 7 2 )  while o thers ( Rouss e l  e t . al .  
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1969 ) have reported no such relations h ip . I n  many instance s a 

total lack o f  bacteriolog ical data has made the i nterpre tation o f  

re sults difficul t , however Paape e t . a l . ( 19 7 3 )  showed that 

unaffected cows under thermal s tr e s s  had s ignificantly less 

mi lk yield and d id not have incre ase s i n  milk soma tic ce l l s  

dur ing the per iod o f  high ambient tempe rature . 

The re sults of the monthly trend in cel l  counts of the 

19 herds of the pre sent s tudy ( F i g .  4 . 9 ) ,  showed that in May whe n 

the ce l l  count was 370 , 000 ce lls pe r ml the number of case s o f  

c l inical mast i t i s  was 1 . 9% and in November when the ce l l  counts 

were 5 20 , 000 ce l ls per ml the percentage of c l inical mas ti t i s  for 

the month was 2 . 6% .  I n  thi s  connection Paape e t .  al . ( 19 7 3 )  

reported that there was a n  incre ase i n  the numbe r o f  cases o f  

c l i nical mas titis dur ing the warmer mon ths . Fur thermore 

Bodoh e t . al . ( 19 7 6 )  concluded that the monthly variation i n  

somatic cell c ounts in the ir Wiscons i n  study was s imilar to the season 

-al trend in the inc idence of c l inical ma stiti s  as shown by · 

Paape e t .  al . ( 1 9 7 3 ) . Thus the monthly trend i n  cel l counts data 

from the pre sent study and that of Paape e t . al . ( 19 7 3 )  and Bodoh 

e t . al . ( 19 7 6 )  indicate an as sociation between monthly ce l l  counts 

and c linical mas titis . 

Fig . 4 . 3  ) showed that h igher ce l l  count herds reported 

gre ater var iation in the ir ce l l  counts betwee n  mon ths than herds 

w i th lower ce l l  counts . I t  would seem reasonable that the d i f ference 

in cel l  count between the two groups are a reflection of the d i f ferences 

i n  mastitis status and probably the h i gher ce l l  count herds hav i ng 

gre ater number o f  cows with previous ly i nfected quarters or exist i ng 

chronic , latent and subcl i nical infections , hence s tresses i n  the form 

of weather dietary change e tc . , wil l  re s ul t  i n  greater varia tion i n  
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cel l  counts compared with the lower c e l l  count herds . Whi ttle stone 

et . al . ( 19 7 0 )  reported that cows showing a cell re sponse to s tr e s s  

were found t o  be infected . 

The r e s ults from Fig . 4 . 1  & Fig . 4 . 3  indicate the 

importance of regular monthly monitori n g  of herd ce l l  counts a nd 

show that only one month ' s  value could g ive false re sults . · I n  

order to minimise the variations i n  bulk milk ce l l  counts i t  i s  

important to e xami ne trends i n  the results over a period o f  time . 

Use of the rol l i ng mean ove r a period o f  1 2  months as i n  the pre s e nt 

s tudy compe nsates for seasonal variations . However this w i l l  

require wa iting f o r  12 months to ge t the first mean and Re ichmuth 

( 19 7 5 )  cons ide r s  a 6 ' month rol l ing mean as a satis factory com­

promis e  as he showed that a longer per iod doe s not increase the 

rel i abili ty of the information . Hence the month ' s  te st re sult 

with a n  ar i thme t i c  or geometric mean o f  the last 6 mo n th ' s  cel l 

counts will be a r easonab le way to al low for a more accurate and 

me aning ful interpre tation o f  milk somatic ce l l  count data . Pearson 

et . al . ( 19 7 1 )  have confirmed that monthly ce ll counts and rol l i ng 

me a n  value s  g ive a re alistic re flection o f  the mast itis s i tuation 

in a herd . 

The re lation be tween milk y ie l d  and bulk milk c e l l  

count for i nd ividual suppliers was shown i n  Fig . 4 . 4 . The 

regr e s s ion of aver age daily milk yield o n  bulk milk ce l l  counts 

was highly signif i cant . This demonstrate d  that the mi lk y i e ld 

decreased as the c e l l  counts i ncreased i n  the milk . The 

regress ion analy si s  i ndicated that o f  the total variation among 

herd means for mil k  yield per cow only 1 2 . 5% was associated w i th 

the d i f ference s in the 1 2  months mean herd bulk milk ce l l  count s . 
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Thi s  results not only from the poor re l a t ionship betwee n  bulk 

mi l k  cell count and mastitis infe ction for an individual farm 

{ Pestle et . al . ,  1 9 7 1  and We s tgarth , 19 7 1 )  but also because a 

number of other factors other than mas titis which influence mi lk 

yie l d , e . g .  feed ing , gene tic characte r i s tics e tc . However a h i gh 

bulk milk ce l l  count doe s  seem to ensur e  that a high milk yield 

cannot be obtained . 

From F i g . 4 . 4 .  the average mi l k  yield was calculated 

and thi s  is shown in Table 5 . 1 . 

TABLE 5 . 1 : Re l ationship between annual mean values for milk 
y i e ld ; mi lk fat yield and total milk prote i n  
y i e ld and bulk milk ce l l  count from 5 6  herds . 
Re sults cal culated from Fig ; 4 . 4 ;  4 . 5  and 4 . 6 .  

Bulk Milk Ce ll Counts x 10 3 cells pe r  ml . 

Dai ly milk yield { l i tre s pe r cow) 

Dai ly mi lk fat { kg . per cow) 

Dai ly total mi lk prote in yield 
{ kg . pe r cow) 

250 

1 2 . 4  

0 . 5 3 

0 . 4 2 

500 

11 . 8  

0 . 5 0 

0 . 40 

7 5 0  

1 1 . 2  

0 . 4 7 

0 . 3 8 

1000 

10 . 5  

0 . 44 

0 .  36 

The results show that at bulk milk ce l l  counts of 

5 00 , 00 0  ce l l s  per ml the percentage l o s s  i n  production is 5 %  corn-

pared to that at 2 5 0 , 000 c e l l s  per ml ; at 750 , 000 ce l l s  per ml 

the loss is 10% and at 1 , 000 , 000 ce l l s  per ml i t  is 16% . The s e  

results are simi lar t o  those reported b y  Booth ( l9 70)  and Pearson 

{ 19 7 0 )  who reported losses o f  mi lk y i e l d  of 18% and 24% 

respe ctively at bulk mi lk cel l counts greate r  than 1 , 000 , 000 c el l s  

per ml . 
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At an aver age bulk mi lk ce l l  count o f  4 30 , 000 ce l l s  per 

ml for the 7 2  herds for the Manawatu Mi lk Proces s ing S tation 

{ Town Milk Supply)  ; this cel l  count can be cal culated to be 

cos ting the se supp l i er s  an estimated loss i n  mi lk production o f  

$ 1 3 1 , 000 a year compared wi th herds wi th a bulk milk ce l l  count 

of 2 5 0 , 000 ce l l s  pe r ml . 

For the 1 9 75/76 season , the total milk production for 

New Zealand was 6 3 5 9  mil l ion l i tres and us i ng 4 30 , 000 ce l l s  per 

ml as an average for the country , the total cost through loss 

i n  mil k  production can be calcul ated as $ 35 , 000 , 000 compared with 

bulk mi lk cell count of 250 , 000 ce l ls per ml . This doe s not 

inc lude the loss from cli nical cases and losses for the cost of 

therapy and cows cul led . 

The l inear regression analysis a lso showe d a drop in 

milk fat yie ld wi th an increase in bulk milk ce l l  counts . Th i s  

regre s s ion analys i s  i ndi cated that 20% of the total variation i n  

mean fat yield per cow could be accounted f o r  b y  the 1 2  months 

ari thmetic mean c el l  count of the bulk mi lk from each herd . However 

in the s tudy of Me i n  et . al . ( l9 7 7 )  the corre sponding figure was 8 % . 

A pos s ible explanation for the poorer corre lation found by Mei n  

et . al . ( 19 7 7 )  could be that i n  the ir study me asurements were 

made over a 6 month period whereas the pre sent s tudy was for 1 2  

months . 

The present results indicate a loss of 0 . 0 3 kg o f  

mil k  f a t  per cow per day o r  8 . 1  k g  a year for e ach 250 , 000 c e l l s  

pe r  m l  i ncrease i n  bulk milk c e l l  count . Me i n  e t .  al . { 19 7 7 )  
- -

report a loss of 6 kg of milkfat per cow pe r year for e ach 2 50 , 000 
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c e l l s  per ml incr e a se in bulk milk cell count . Table 5 . 1  s hows 

the average milk fat y ie ld at di fferent ce l l  counts calculated 

from Fig .  4 . 5 .  

The l inear regre s s ion analy s i s  for fat percentage and 

bulk milk c e l l  count though s ignificant only at 0 . 1  leve l 

did show that an i ncrease in bulk milk c e l l  count re sul ted i n  

decre ase s in m i l k f a t  percentage ; indicating a los s of 0 . 0 2 %  

of mi lk fat per cent for e ach 2 5 0 , 000 ce l l s  per m l  increase i n  

bulk milk ce l l  coun t . 

The re l ationship be tween the bulk milk cell count 

and total prote i n  y i e ld of the milk me asured by amido black dye 

bind i ng was shown in Fi g .  4 . 6 .  From thi s  f igure the 

average pro te i n  yie ld was calculated and is shown in Table 5 . 1 : 

Thi s  data shows that with an i ncrease in bulk mi lk 

cell count there was a decrease in thE: total prote in yie l d . 

From the above discus s ion i t  c an be seen that the da i ry 

herds which mainta i n  low bulk milk ce l l  counts wi l l  in general 

have h igher milk production value s . 

The data from the pre sent s tudy showed that the herd 

bulk milk cel l  count and the somatic ce l l  count of individual 

cows in the herd were close ly related . ( F ig . 4 . 10 ) . Us ing thi s  

relati onship the percentage of cows having c e l l  counts l e s s  than 

250 , 00 0  cells pe r ml and those with greate r  than 500 , 000 cel l s  per 

ml can be predicte d  from the value for the herds whose bulk mi lk 

ce l l  count is known ( Table 5 . 2 ) . 



TABLE 5 . 2 :  

% o f  COWS 

8 5 . 

Bulk M i l k  Cel l  Counts compared to percentage of cows 
wi th l e s s  than 250 , 000 cell s ; greater than 500 , 000 
cel l s  per ml and inc idence o f  c l inical mastitis . 
Data c ompiled from 19 herds which had 1 7 2 1  cows . 

Farm Bulk Mi lk Ce l l  Count 

lOO 250 500 7 5 0  1000 
3 

10 cells per ml 

less than 2 5 0 , 000 
cells per ml 86 7 1  6 1  50 . 5  40 

% o f  cows greater than 
12 

500 , 000 cells per ml 
1 7 . 5  2 6 . 5  35 . 5  45 . 0  

% of cows with incide nce of 1 . 35 2 . 2 5 3 . 1 5 4 . 10 
clinical mastitis 

The re sults show that as the herd bulk mi l k  cell count 

increase the pe rcentage of cows having c e l l  counts greate r than 

5 00 , 000 cells per ml increase in each herd and if 500 , 0 00 ce l l s  

per m l  and above ce l l  count is used a s  a n  index for cows having 

sub-cl inical mas t i t i s  it is seen that the cows in herd with sub -

c l inical mastitis i ncrease wi th an increase in ce ll count . In 

order that the rela tions discussed above are valid i t  i s  essential 

that ce l l  counts be me asured on s everal occas ions over a per iod 

of some months . Using only one bulk m i lk cell count wi l l  

not be able t o  i ndicate the number o f  cows affected by mastit i s . 

S imi lar re sults were shown by Pearson e t .  a l . ( 19 7 1 )  

i n  a s tudy using C . M . T .  and involving 3 1  herds , they reported 

that i f  bulk mi lk c e l l counts are con s i s tently over 1 , 000 , 000 

ce l l s  per ml then 6 0  to 80% of the cows are affected with mas t i tis . 
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At 750 , 000 ce lls per ml 40% may be affe c te d  a nd at 5 00 , 000 cel l s  

per m l  2 0 %  may have mastitis . 

They reported corre lations be twe e n  bulk milk cel l  

count and C . M . T .  2 & 3 o f  0 . 88 i n  3 1  herds and 0 . 96 i n  2 8  

herd s . Earlier Kleinschroth et . al . ( 19 6 9 ) showed that the 

corresponding corre l at ion relating mi lk c e l l  counts with 

mastitic cows was 0 . 88 and with mastitic quarter samples i t  was 

0 . 7 2 .  Gray and Scha lm ( 19f 2 ) using C . M . T .  on the bulk milk 

from 1 2 6  commercial herds and the reactions related to the bucket 

milk of individual c ows showed that at 300 , 00 0  cells per ml bulk 

milk ce l l  count , 3 0 . 7  percent of cows were posi tive to the C . M . T .  

At 900 , 000 cel l s  pe r m l  and 2 , 700 , 000 ce l l s  per ml the corre spondi ng 

percentage were 3 9 . 6  and 5 8 . 5  respective ly . 

The l ine ar regress ion analyses ( F ig 4 . 11 ) showed a 

strong corre lation re l ation of 0 . 9 2 betwe e n  Farm Bulk Milk Ce l l  

count and the pe rcentage o f  cows showing c l inical mastitis and 

Table 5 . 2  shows the percentage of cl inical cases at different bulk 

milk ce l l  counts . I f  bulk mi lk ce l l  coun ts are 1 , 000 , 000 cel l s  

p e r  m l  then cl inical mastitis i nc idence o f  the herd i s  4 . 1  c a s e s  I 

100 cows . The percentage of cows having ce l l  counts greater than 

5 00 , 00 0  ce lls per ml were s imilar ly related to the cases of cl inical 

mastitis and ind icated that for 1 case o f  c l inical mastitis there 

were 1 2  cases of s ubc l inical mas titis ( us i ng above 500 , 000 ce l ls 

per ml as subclinical mast itis ) .  The relationship between the 

i nc idence of c linical mas titis and herd bulk mi lk ce l l  count was 

also shown by Pearson e t .  al . ( 19 7 1 )  and the correlation 

co-ef f i cient obtained was 0 . 65 when the individual quarte r  was use d  
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and with cows i t  was 0 . 7 .  The ratio o f  c l i n i cal cases to 

subcl inical case s repo r ted by Pear son e t . al . ( 19 7 1 )  was 1 : 14 

in cows and 1 : 3 2 i n  quarters . 

When con s ide r i ng data in which c l inical ass e ssment 

is the criter ion use d , care mus t be taken in i nterpre ting the 

re sults because the re w i l l  be i ns tances wher e  i nflammato�y change s  i n  

the udde r or ac tual bac ter ial infections wi l l  not always be pre s en t .  

However the corre lation coe fficie nt o f  the pre sent study were 

highly s igni ficant to indicate its impor tance . Neave ( 1975 ) 

showed that 96% o f  all quarters showing cl i n i c al mastitis had ce l l  

counts greater than 5 00 , 000 cells per ml . 

Though the present study has shown a strong re lation 

between B ulk Milk Ce l l  Count and individua l  cow cell counts and 

clini cal mastiti s , thi s  re lation is not a lways close when 

bacterial infection o f  individual cows or quarters is cons ide re d . 

Kle inschroth e t . al ( 1969 ) when re l ating bulk milk ce l l  

counts t o  infection i n  both cows and qua r te r s  obtained corre l ations 

of 0 . 5 8 to 0 . 6 3 .  Pos tl e  et . al . ( 1 9 7 1 )  and l�estgarth ( 19 7 1 )  

bas ing the i r  de f ini tions o f  infec tion o n  bacte r ial isolation with 

no re fere nce to ce l l ular compone nts reported correlation eo-

e f ficients of 0 . 50 and 0 . 5 2 respective ly . De spite this Pearson 

e t .  al . ( 19 7 4 )  basing the de finition o f  infection on CMT reac tion 

and bacterial isol ations reported corre l ations of 0 . 7 1  to 0 . 88 

between Herd Bulk milk c e l l  count and the incidence o f  mas titis 

infection i� individual quarters . 

It i s  impor tant to note that re lating herd bulk 

milk cell count with bacte rial i nfections may not hold true i n  

a l l  case s . Pearson e t . a l . ( 19 7 4 )  state s that mastitis can and 
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o ften doe s  occur be fore bacteria enter the udder and i n  some 

cases the mechanical fac tors e . g .  machine , hous i ng ,  husbandry 

and mi lking rout ine may be among the first i tems which require 

a ttention .  I n  addition the problem of teat canal infec tions 

in the pathogene s i s  of mastitis sugge st that a number of false 

po s i ti ve quarters could fun fact be teat canal i n fec tions rather 

than udder infections and hence the se infections would be of 

s ome impor tance whe n re lating herd bulk milk cel l counts to 

bacterial infe ctions . G iesec� e t . al . ( 19 6 8 )  and Black e t .  

a l . ( 19 7 2 )  have shown that the pre sence o f  bacte ria in 

aseptically collected s ample s via te at c anal may frequently 

be associated wi th infections of the teat canal rather than 

udder infe c tions which suggest that bacterial i solation from the 

teat canal may not be as sociated with infection of udder . Thi s  

would probably have some bearing on the resul ts o f  Postle e t . al 

( 19 7 1 )  and We stgarth ( 19 7 1 ) in obtaining poor correlations 

be twee n  herd bulk mi lk c e l l  counts and bac ter ial infections i n  

individual cows . 

Increased somatic cell counts from i ndividual cows 

have bee n  shown to be r e l ated to reduced milk y ield and changes 

i n  milk compos ition ( Hee s chen , 1 9 7 5 , Re ichmuth 1975 ; Re ichmuth 

e t .  al . ,  1 9 7 6 , Linzel & Peaker ( l 9 7 5 )  with no re ference to whe ther 

or not high cell counts were caused by i nfe ctive organisms or not .  

Thi s  indica te s  that there is some di s turbance s i n  the mi lk 

secre tory t i s sue and c e l l  numbers in milk should there fore be 

cons idered as a me asur e  o f  udder damage . The pre sent s tudy did 

s how a relation between Herd Bulk Mi lk ce l l  count and milk yield , 

milk fat and milk prote i n  together wi th the ce l l  counts of 

i ndividual cows . Thi s  would indicate that herd bulk milk ce l l  
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counts should be conside red as an indicator o f  individual 

cow cel l  counts and probably mastitis wi l l  be the mos t  importan t 

factor to influence c e l l  counts provided that ce l l  counts are 

t aken regularly . Howeve r i n  very small herds 1 or 2 cows 

wi th high c e l l  counts can have a marked influe nce on the . bulk 

mi l k  ce l l  coun t .  On the othe r hand , milk from several cows with 

h i gh ce l l  coun ts in a large herd could be diluted out to acceptable 

leve l s  in the bulk tank . S imi larly herds i n  which cows e xhibiting 

c l inical symptoms of mast i ti s  are milke d  into the bulk tank are 

l ikely to show different rel ation between Bulk Milk c e l l  counts 

and the i nc idence of mas t itis in individual cows whe n  compared 

wi th herds i n  which cl inical case s are isolated from the he rd mi lk . 

A l l  the 15 herd s  i nvo lved in the study showed a negative 

re l ation be tween somatic ce l l  count and Production I nde x ( P I ) 

o f  individual cows within herds . The Produc tion I ndex ( P I )  

provides a n  e s timate of the productive mer i t  o f  the cow i n  

re l ation t o  other cows i n  th e  indus try after t ak ing i nto account 

the breed , age and stage of l actation of the cow and the genetic 

abi l i ty of the herd , and is calculated from the amount of milk 

that is obta ined from the cow up to the 240th day following 

c al ving date ( Live stock Improveme nt Association Herd Te sting 

Manual , 1 9 7 7 ) . When us ing the Ari thmetic Mean Cel l  Count , 1 1  

o f  the 1 5  herds s howed a s i gni f icant rel ation betwee n  P I  and cel l  

count o f  i ndividual cows ( P  C 0 . 0 1 )  and when the Geome tr i c  Mean 
i 

cel l  counts were used , 9 of the 1 5  showed the s i gnificant re lation 

( P  < 0 . 0 1 ) . When a l l  the cows i n  the 15 herds were cons idere d 

together the relationship was highly s igni f icant ( P c  0 . 0 1 )  for 

both the Ar i thme ti c  and Geome tric Mean Cel l  Counts . 
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This relationship can be used to e stimate the loss of milk 

p roduction resulting from an i ncrease in ce l l  counts . Assuming 

1 uni t  of Production I nd e x  to be approximate l y  equivalent to 

1 . 5  kg of mi lk fat ; the average fat conte nt o f  the milk to 

be 4 . 0% and the length o f  lactation to be 2 7 0  days ; it can 

b e  calculated that the mi lk yield de crease s by 0 . 14 l i tre s 

pe r cow per day in assoc i ation wi th an incre ase of 100 , 00 0  

c e l l s  per m l  in somatic c e l l  count . S imilar re sul ts were 

r eported by Daniel & F i e l den { 19 72 ) with 2 2  s easonal supply 

herds in the Manawatu u s i ng Wisconsin Mastitis Tes t ;  they 

r eported for every 100 , 00 0  ce l l s  pe r ml increase in ce l l  

count there was a decrease of 0 . 2  l i tre s  o f  mi lk per cow per 

day . Gray & Schalm { 19 62 ) and Daniel e t . al . ( 1966 ) have 

a l so reported similar decreases in mi lk yield us ing the 

California Mas titis Te s t  as an indicator of c e l l  counts . 

Recently Bodoh e t .  al . { 19 7 6 )  in U . S . A .  us i ng the F i l ter DNA 

method to determine c e l l  numbers reported a correlation of - 0 . 16 5  

i n  16 herds between ce l l  numbers and test day m i l k  yield , 

adj usted for e ffects o f  herd , year , season , age and stage o f  

l actation i n  16 herds w i th 7 5 2  cows . Hence mos t  of the ava i l -

able re sul ts indicate tha t  there i s  a decrease in mi lk y i e ld of 

cows wi th an increase i n  ce l l  counts with i n  herds . However 

the decrease of 0 . 14 l i tres pe r cow per day for 100 , 000 c e l l s  per 

rnl within herds i s  d i f fe rent from that reported ear l ie r  i n  the 

study between herds s howi ng a decre ase of 0 . 24 litr e s  per cow per 

day for 100 , 0 00 ce l l s  pe r ml . The reason for th is discrepancy 

i s  not clear . 

The results al s o  showed that the total regre ss ion eo-
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e ff ic ient for all the 1 9  herds o f  Ari thmetic mean with production 

i ndex was 2 . 2% higher than that of Geometric mean , thus showing 

that when c e l l  counts are taken regularly over the year there 

is l ittle d i fference be tween the 2 type s of means . S imi lar 

r e sul ts were shown by Re ichmuth ( 19 7 5 )  in his analy s i s  of 2 1 , 000 

herds where the regres s i on coe ffic ient for the Ari thme tic mean 

was only 4 . 3% higher than that for the Geometric mean . As the 

r e s ults show that the Ar i thmetic mean is more conven ient to use 

and more readily unde r stood by the farme r the re sul ts above 

i ndicate that worki ng w i th it is not always wrong provided ce l l  

coun ts are taken regularly and one i s  not deal ing wi th very 

smal l  herds . 

The study showed that the re was a h i ghly s igni ficant 

relation ( demonstrated by the Chi - square te s t) betwee n  the age 

o f  the cow and somatic c e l l  counts in 14 of the 15 herds . As 

the age o f  the cow increased , the c e l l  count i ncreased . This 

is wel l  documented in l i terature and has been shown by a numbe r 

o f  workers (Van Resburg 1947 , Bl ackburn 1 966 , Cullen 1966 , 

B lackburn 1968 , Bodoh e t . al . , 1 9 7 6 ) . Th i s  i ncrease in ce l l  count 

i s  probably a re f l ection of the past i nfection history of the 

udder s ince Natzke et . a l . ( 19 � )  reported tha t  uninfected cows 

showed no upward trend over 5 years lactations . However i t  i s  

noticed from Table 4 . 10 that the e f fe c t  o f  age on ce l l  counts d i f fe r  

between herd s .  The data from Herd 3 i ndicated that the 5 and 

6 year olds had a soma t i c  cell count of 15 1 , 00 0  cel l s  per ml 

( low incidence of mas t i t i s )  whereas the 5 and 6 year o lds i n  

H e r d  1 3  had somatic c e l l
. 

counts o f  7 8 1 , 000 cel l s  per ml (hence 

h i gh inc idence cows ) and the 2 year o lds i n  thi s  herd had a ce l l  
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count of 380 , 000 cells per ml . Thi s  i ndicate s  that there 

are di fferences be tween h erds and that a high percentage o f  

older cows in a herd is not ne ces sarily associated with high 

ce l l  counts i n  either bulk milk or in the individual cows . 

The retaining o f  older animals can be economic as the ir milk 

y i e lds are usually greater than those of h e i fers and maintaining 

older anima l s  with a lower i nc idence of mast i t i s  can be financially 

rewardi ng . 

The normal daily variation in bulk milk ce ll count 

in the 19 herds for May 1 9 75 and February 1976 was shown i n  

Table 4 . 1 1 .  The coe f f i c ient o f  var ia tion range d  from 4 %  to 

4 6 %  in May and from 9 . 4 % to 3 3% in February . The mean eo-

e f f icient o f  var iation for all 19 herds in May was 21% and in 

February i t  was 20% , which are lower than that reported by We stgarth 

( 19 7 5 ) of 2 4 %  in 10 herds . 

The Mean and S tandard dev iation for the dai ly ce ll counts 

for both months for each herd were graphed and from this it was 

seen that the standard deviation i ncreased as the mean ce l l  count 

i nc reased for each . The range of standard deviation was 20 , 000 

to 140 ! 000 c e l l s  per m l  i n  May and f£"'r FP hrn � r\1 i +- t.J;:l c -f= Y",....,,., 1 � ('\()fl - - - - - - - -- - ..1. - - . .  .....,. _ .._ ....._ _ ..._ . .  .._ _. , � v v  

to 2 1 5 , 000 cells per ml . Up to 500 , 000 ce l l s  per ml mean cell 

count the range o f  standard deviation did not change much but at 

700 , 000 - 800 , 000 cel l  count in May the s tandard deviation 

ranged from 30 to 140 , 000 ce lls per ml and i n  February it ranged 

from 7 5 , 000 to 2 15 , 000 ce l l s  per ml . However a s  there were only 

3 herds too much cannot be made of the re sul ts . The rel ationship 

o f  s tandard deviation and me an was l inear and i t  passed near the 
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o rigin and hence the use o f  coe fficient o f  var iation was 

j ustifie d . 

De sp i te the h igh coefficient o f  var iation there was 

a c lose rel ation betwee n the mean o f  daily ce l l  count for the two 

months and the cell count on one s ample day from the milk 

factory and from the bulk mi lk tank when the farms were 

v i s ited . Thi s means tha t  the one day mi lk s amp le in the 

bulk tank is a good indicator of the average bulk milk ce l l  

count for the month , but there i s  vari ation and by doing more 

freque nt sampl ing and averaging the re sul ts within herds the 

var iation wi l l  be reduced . 

As pointed out ear l ier monthly cell count re sul ts are a 

valuable tool in stimulating the farmer to mastitis control 

routine . The mai n  obj e c tive o f  mas t i tis control i s  economic , 

to reduce the losses of mi lk to the producer and proces sor 

which i s  caused by thi s udder disease . 

Ce l l  counts s hould provide f armers wi th an i ncentive 

when in formed o f  its s igni ficance in terms o f  e conomic loss . 

Once the farmer real ises that cell counts can be an economic 

prob lem as we l l  as a d i sease problem i n  his herd with e conomic 

e f fects the planning and exe cut ion o f  a contro l programme 

becomes much easier . 

A number o f  organised programmes from d i f ferent 

countr ies where bulk m i lk cell counts are carried out regular ly 

cons ider herds whose aver age somatic cell count exceeds 

5 0 0 , 000 cel l s  per ml as ' mastitis ' affected herds . Some of 

the countr i e s are Austral i a  {Hoare e t . al . , l9 7 5 ) , England 

{Booth 1 9 7 5 ) , Ire land { Pe arson e t .  al . , l9 7 2 )  and Italy 

( Narde l l i  e t . a l . , l9 7 5 ) . The National Milk Qual i ty Advisory 
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Service o f  Mini stry o f  Agri cul ture and F isheries of 

New Zealand regards herds w i th 500 , 000 cells and above as 

problem herds . 

Olsen ( 1975 ) showed that in Denmark where a 

national control programme i s  e s tab l i shed the number o f  herds 

wi th more than 500 , 000 c e l l s  per ml dropped from 3 8 . 8  in 1968 

to 1 9 . 6% in 1 97 3 .  During the per iod the number o f  herds with 

3 consecut ive counts above 5 00 , 000 ce l l s  per ml fe l l  from 20% to 

6 % . 

Brander e t . al . ( 19 7 5 )  repo r te d  the re sul ts o f  a 

mas t i tis control programme i n  south wes t  England for 3 years i n  

which monthly bulk mi lk c e l l  counts were a n  impor tant factor i n  

motivating the farmers to partic ipate in the programme . They 

reported increased y i e lds of 36 l itres a fter one ye ar and 182 

l itres per cow a fter the 2 years which were attr ibutable to 

control me asur e s  and hence demons trated the value of apply ing 

control measures .  

Hoare et . al . ( 19 7 5 )  reported the results o f  a pilot 

programme in New South Wale s involving 35 herds whe re herds were 

te s ted at monthly intervals using the C . M . T .  They showed that 

after the 1 s t  year , milk produc tion increased by 9% and by 15% 

i n  2 nd and 3rd years . Fat production incre ased by 10% and 

1 7 %  respe ctively and ne t benefit per cow over costs was $4 . 59 the 

1st year , $ 14 . 50 the 2nd and $ 16 . 08 the 3rd year based on 

improved butter fat product io n .  

The most e f fective means o f  demonstrating to farmers 

that they have an udder hea l th problem appears to be regular 

mon i toring o f  bulk mi lk c e l l  counts with an average o f  at least 
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s ix t e s t s  and making them aware of the e conomic importance o f  

the s e  ce l l  counts . Lo s s e s  i n  mi lk production that resul t from 

high cell counts as shown in this s tudy can be qui te convinc i ng 

evidence to per suade the f armer to attempt to overcome the 

disease o f  mastit is . 

I n  conc luding thi s discussion the results do not 

repr e sent cause and effect relationships for there are other 

factors which c an affect somatic ce ll counts but the general 

a s soc iation doe s exist i n  the fie ld as this study has shown . 

' 
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The tes t s  as de scribed by Thompson & Pestle 

( 19 6 4 )  and Dani e l  e t . al .  ( 19 7 1 ) . I t  cons i s ts o f  the 
-- --

addi tion of 2 ml of reagent to 2 ml of a we l l  mixecl milk 

sample in a 12 . 5  x 130 mm ( outside diameter)  plastic tube . 

Ten samples are te sted at a time and the rack o f  10 tube s 

is gen tly rocked after addition of the reagent to mix the 

content s .  The tubes are then inverte d  for exactly 1 5  

s e c  a n d  the mixture al lowed t o  run through the hol e  i n  the 

cal ibrated WMT cap which fits on the plastic tube . The 

amount of mixture remaining in the tube after 15 sec depends 

on the degree of gell ing pre sent and i s  me asured by us ing a 

1 - 3 5  mm s cale . 
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