
Fouds, M. M.; et 111 ... ISSN I IIQ-7310 

ENVIRONMENTAL FACTORS AFFECTING SOMATIC CELL 
COUNTS IN HOLSTEIN-FRIESIAN COWS 

Fouda. M. M.·: EI-Bayom1: Kh. M.·· and Radwan: H . A. A.' 
'Department of 1\nlolal Husbandry- Faculty of Vel. Med(c lne- Mansoura Unlverslty. 

"Department or AnJ.mal Wealth Deyelopment.Faculty or Vet. MediClrle·z.agaztg Uolyerllity. Egypt 

ABSTRACT 

Data for the present Investigation were obtained from 3000 lactation records cov­

ering the period from 2007 to 2010, at Dina Farms which located eighty kilometers 

north of Cwo. This study was conducted to study the effect of some en vtronmental 

factors on somatic cell counts. The data were analyzed staUstically uSing Statistical 

AnalySIS System (SAS). The results obtaJned sholVed that. age of the cow and age at 

calving have significant effects on somatic cell score (SCS). the highest values for 5CS 

were 3.19 and 3. 15 which obtalIJed at 56 m onlJJs and older age and 50 months and 

above. respectively. 

Regarding to order of lactaUon and stage of lacta tion both of tbem have SignIficant 

effects on somatic ceil score. The maxlmum scores were 3.12 and 3.09 Whi ch were 

obtsJned at the OftJJ parity and over and during the late lactaUon, respectively. In ad­

dition, tota) mUkyJeJd, 30S"day Mature Equivalen t {ME} and lest·day milk yteld have 

signlDcant effects on somatic ceO score. The highest trend of somatic ceJl scores for 

both of total milk yield and 305·day (ME) were obtained st lllgh production level 

(7401 kg and over) and (8060-9880), respectively. However, the greatest score was 

3.44 whIch obtained at the lowest lest ·day milk yteld (less than 30 kg). 

Furihermore. season of calving has a highly signJl1cant effect on somatic eel! 

score. The maximum value was 3. 11 obtained at Summer months, while. the mini­

m um values were 3.01 and 3.04 which were obtained at SprIng and Autumn months. 

respectively. However, dry period and number of services per conception nave non· 

SIgnificant effects OJ) somaUc cell score. Scor es of somatic cells withIn the same trend 

dur ing dUlerent classes of dry perJod aJld services per conception. 

In conclusion, somatic cell counts d8.la shouid be routinely recorded in order to 

study the effect of some environmental factors such as age of the cow, age at calvt.ng. 

order of lacta.tion. stage of lactation total milk yield. 305-day Mature Equivalent. lest· 

day milk yteld, dry per iod, days open, number of services per conceptiOI~ and season 

of calvtng on somatiC celJ counts in milk . 
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INTRODUCTION 
MUk somaUc cells are prlmarUy leukocytes 

(While blood celis) and some epithelial cel1s 

sheded from the Unlng of the mammary gland. 
Indeed. the leukocyles are derIved from blood 

and consIst of macrophages . lymphocytes, 
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and polymorph nuclear cells (Smtth and Har­
.moD,2001). 

Somatic cell counts are widely used as a 

marker to detennlne the mammary health 

status of Quarters and cows and quality of 

milk (Dang and Anand, 2007). the su ttabUlly 

of milk for human consumpUon and monetary 

losses to producers due to mastiUs (De 

Graves and Fetrow. 1993). 

Age at calving. parity of lactation. calVing 

season and lactaUon stage are the most Im­

portant factors affecting somatic cell counts 

In mOk as reported by Sartkaya and Bruck­

maier (2006). 

The present s tudy was conducted to inves­

tigate the envtronmental factors mfluenclng 

somatic cell counts such as age of the cow, 
age at calving. order of lactaUon. stage of lac­

tation total mUk yteld. 305-day Mature Equiv­

alent. test -day milk yteld , dry period. days 

open, number of servtces pe( conception and 

season of calVing. 

MATERIAL AND METHODS 
Data Source, Herd HlAltory, and Herd 

Management, 
Data for present s tudy was obtaJned from 

3000 lactation records. covering the period 
between 2007 and 2010. The data were taken 

from the milk records of U.S. Holste\n cows 
belongtng to Dina Farms (The Modern Agricul­

tural Development). located about 80 km In 
CaLro-Alexandrla Desert Road . The orlgtnal 
herd of U.S . Holstein cows was established 

between 1987 and 1996 by lmportaUon U.S. 

Holstein cows. AU animals were kept in an 
open system or under open sheds allover the 
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year round. supplied w1th a cool spraytng sys­

tem during hot cilmate. Animals had free ac­

cess to clean waler. The animals allover the 

year were fed on total miXed ration (TMR). All 

cows are machine-mtlked, three times wtth 8 

hrs Interval between mllkmgs. Cows were 

dried-off about 60 days before expected calv­

ing date or abrupUy at 210 days of pregnancy. 

Also, cows producing 7 kg/ day or less mJJk 

were dried-off. Cows and heifers eligible for 

breeding were artlficJ.ally lnsemlnated USing 
frozen semen from the best 100 total predlct­

ed index (T.P.!) Holstem bulls in U.S.A and 

Canada. Heifers were bred for the first Ume 

when their body weight became 375 kg. 

Data Handltnl: 
Holsteln first. second, up to the tenth lac­

tations Wlth stx consecutive test-days (TO) 

that had both mtlk yteld and somaUc cell 
count reported were selected. 

Monthly tes t-day observations of sec (ex­

pressed tn thousands pel" m1 of mJlk) per lac­

tation for each cow were obtained after 30 
days post calvtng. Because of the skewed dls­

trlbuUon of SCC and the importance of nor­

mally diStributed data when est1maung vari­

ance components. 

The monthly test-day SCC was log­

transformed into monthly test-day Somatic 

Cell Score (SCS) as : SCS= loge ISCCIlOOI +3 

accordJ..ng to All and Shook (1980) . 

The somatic cell count was determined 
W1th a fossomatlc machine (FossomaUc 5000. 
type 71300) (Foss Electric, Hlllerod. Den­

mark). sec determtnatlon were performed Ln 

the Drury Servtces Unit, which belongs to the 
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Animal Production Research Institute. Sakha. 

KafT EI-Shelkh Governorate. Egypt. 

Data Stal1ettcal AnaIyoIa' 

The mathemattcal model: 
To analyze the factors affecting the cha­

ract-ers studied In the present InvesUgation. 

the folloWing model was assumed uSing Sta­

tistical AnalYSis System Package (SAS. 2002). 

Yljklmnopqret= 1.1 + ACO! + ACAj + LACTk 

+ SLI + TOTm + 305-MEn + TOMo + DPp + 
DOq + NSCr + 5s + eljk1mnoPQrsl. 

Symbola In the model are defined"" fol­
lowtng, 

Ytjtlmnopqr.t : 1s the observation on the 

cow. 

~ : is an effect common to all cows tn the 

population. 

ACOt : Is an effect due to age of the cow: 1 

= Il.e. I :: less than 41 months. 2 :: 41 to 55 

months. 3 ;:: 56 months , and over\' 

ACAj : Is an effect due to age at calving: J 
:: lI .e. 1 :: less than 28 months. 2 = 28 to 49 

months. 3 ;:: 50 months . and overJ. 

LACTk : Is an effec t due to lactation or­

der: k = lI.e. 1 = the first, 2 = thc second, 3 = 

the third. 4 ;:: the fourth. and 5 :::. the fifth or 

higher lactation]. 

aLl : Js an effec t due to stage of lactation: 

I = Il.e. 1 = earJy (2·31. 2 = middle (4·61. 3 = 

late (7 months and overll. 

TOTm : Is an effect due to total roUk 

yield: In "" H.e . l = low ( less than 4330 kg. 2 

=moderate (4330 to 7400 kg. 3=htgh (7401kg 

and overll . 

305wMEn : Is an effect due to 305- day 
mature equlvajent(ME); n::[Le. 1 =low (less 

than 8060kgJ, 2=moderate (8060 to 9880 kg), 

3 < htgh (9881 kg and overll. 
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TDMo : Is an effect due to test- day miJk 

yteld; a ;:: a.e. I = low (less than 30). 2 = mod­

erate (30 to 39). hlgh (40 kg and over)). 

DPP : Is an effect due to dry period: p .: 

{I.e. 1 = less than 60. 2 = 60 to 75. and 3 ;:: 

76 days and over). 

DOq : Is an effect due to days open: q :::. 

lI .e. 1 = less than 76. 2 = 76 to 179. and 3 = 

180 days and over J. 
NSCr : Is an effect due to number of ser ­

vices per conception: r = /I. e. I = less than 3 . 

2:: 3 to 5, and 3 = 6 times and over). 

S. : Is an effect due to season of ca1v1ng; 

s :: [Le. 1= Winter (December to February). 2;:: 

Spring (March to May). 3= Summer (June to 

August). 4= Autumn (September to Novem­

ber) ). 

EJJJdm.nopqrat : Is a random element as­

sociated W1th the indlvldual observation Ip :: 
1s the residual effect for each observation). 

RESULTS AND DISCUSSION 
Non·genettc factor. afl'ecttng aomattc cell 

count 1D. mllk.: 
Table (1) showed the least squares means. 

standard errors and test of slgn1flcance of dif­

ferences among means for different environ­

mental factors affecllng somaUc cell score 

(SCS). Age of the cow had a significant effect 

(P ~ O.OS) on sO.QlaUc ceU score. The highest 

value for SCS was 3 . 19 which obtalned at !i6 

months and older age. whUe the lowest value 

was 2.99. which obtatned at cows less than 

41 months and 41 - 55 months age. This re­

s ult can be attrIbuted to the {Jrotecllve mech­

anisms In udder gland whlch may de teriorate 

With advancLng age leadlng to Increase sec 
trend. a s the age of the cow advances lndlcate 

the lncreases of the chance of the cow to be 
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f.usceptible to intra-mammary Infection and 
f.ncrease the level of sec In mUk. Moreover, 

"U1 increase In the cellular content of mtlk 
wtth advanced age even for cows that were 

not mfected at the tLme of testtng Is the maln 

cause for Increasing the somatic cell concen­

IraUon. 

Salsberg et aI. (1984) reported that the 

f,omatlc cell counts a t both the lactaUon and 

test -day level increased with age up to ap­

proxJmately ten years and thereafter slowly 

decreased. This result could be explained as 

the decrease in the sec for cows greater than 

10 years of age, that If cows of this age are 

8tHl present In the mllklng herd, they are like­

ly to be good milk producers that have en­

countered minimal problems during their lac­

tations and this may be then be reflected In 

their lower counts. However, Fadlelmoula et 
aI. (2008) showed that there was a Significant 

effect of age of the cowan sec. As the age of 

the cow advances , there Is an Increase In the 

chance o( the cow to be suscepUble to intra­
mammary Infection and increase the level of 

sec In mUk. 

Age at calving had a significant effect on 

somatic ceU score .lPSO.OS). The greates t score 
Is 3.15 was obtained at older age at calving 

(50 months and above). however, the lowest 

score Is 3.08 was obtained at less than 28 

months and 28 - 49 months age at calvtng. As 

older cows at calving become more suscepti­
ble to infection which lead to lncrease Ln so­

malic cell concentrationS and Increase the In­
cidence of cUnlca! mastitis. 

The eITecl of age at calving resulted in an 
Increase in level of see wtth advanced age 
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from 0.73xl03 cells/ml (20 months of age) to 

1 .. 39xl03 cells / ml (42 months of age) and 
l.Oxl03 cells / ml for calving at 30 months of 

age (Samou at aI •• 2008). Juozall1elle and 
Juozait18 (2005) reported that the effect of 
calving age on see level was found to be sta­

ustlcally non-s lgntficant, when they studied 
the Jnfluence of somallc ceJl count In milk on 

reproductive and productive traits of Black 
and White cows. 

Order of lactation had a s ignifican t effect 

on somatic cell score (~O.051 . The maximum 

score (3.12) was obtat.ned at the ftfib parity 

and over , whlle. the minimum score (3 .00). 
(3.01) were obtained in the ftrst and second 

lactation order, respectively. These results 
could be explained as deformations in the ud­

der gland and normal enhanCing mUk produc­

tion capaCity are main reasons of elevated 

see. In addition, relatively higher log-sec 

v81ues were determined with advanctng lacta­

tion order. 

Erdem et at. (2010) reported that defor­

mations In the udder gland and Increase in 

milk production capacity are the main rea­

sons of elevated sec. In spite of relatively 

higher log sec v81ues were determined With 

advMcmg parity In their study. However. 

Schukkcn et al. (1990) calculated number of 

sec during 811 parities to be ranged from 

300,000 to 375.000 ceUs/ ml In Dutch da1ry 

farms In Netherland. 

Stage of lactation had a stgnlflcant effect 
on somatic cell score (PSO.05) . The highest 
value are 3.08 and 3.09 whIch were obtained 
during early and late lactation, respectively. 

However, the lowest value Is 3 .00 which was 
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obtained ctw-Ing m1d·lactatlon. As elevation of 

sec In mUk in late gestation and for a few 

weeks foUowtng calVing regardless of Infection 

status as sec elevaUon appears to be a part 
of cow's natural immune system response in 

preparaUon for catvtng. to enhance the mam­

mary gland defense mechanisms at this crlU­

cal parturition tlme. 

Erdem ct aI. (2010) Indicated that the lat­

est stage of lactation group had the highest 

log sec valu.e, elevated sec calculated in the 

third stage of lactaUon can be explained by 

the elevation of corroded or injured udder 

cells towards the end of the lactation. Howev­

er, Erd.em ct aI, (2007) reported that the ef­
fect of s tage of lactaUon on sec was not sig­

nificant (P > 0 ,05). 

Regarding to total mUk yield and 305-day 

Mature Equivalent (ME). both of them had 

Significant effects on somatic cell score (P S 

0.05). The highest trend of somatic eel! scores 

for both of total milk yield and 305-day Ma­

ture EqUivalent were obtatned at high produc­

tion levels (7401 kg and over) and (8060-9880 

kg). respectively. High yielding arc linked to 

hJgh somatic cell concentratIon and high mas­

titis level. because high yields cows arc more 

susceptible to infection. which would activate 

cow's natural tmmune system leadlng to In­

crease somatic cel l counts In milk as a protec­

tive mechanism. 

There Is a substantial evidence to suggest 
that high yields ate Ilriked to high mastttls 
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levels. although t.hJs relationship Is complex 

and Inter-relates management . genetics a nd 

feedmg as reported by RaJala and Grohn 
(1998). WhUe. FadleJmoula ot al. (2008) 

found that see In milk had a slgn lftcant ef­

fect on milk yield. With t\Vo folds Increase in 

sec. there was more than 3.5 kg decrease In 

milk yield. Moreover. Hagneatam et aI. 

(2007) estimated a reduction In 305-day milk 

yield between 0.0 - 902 kg (11 %) due to eleva­

Han 10 sec dependlng on parity. 

Concerning to test-day milk yteld. there 

was a highly slgnlflcant effec t on somatic 

cell score (P S 0.0 I). The greatest score Is 

3.44 which was obtalned at low test-day 

milk yield (less than 30 kg), however, the 

lowest score Is 2 .58 which was obtained at 

hJgh lest-day milk yleld (40 kg and over). 

This can be explaJned as during high test­

day milk yield there IS a small amount of 50-

maUc cell counts In JW'ge amount of m11k (di­

lution effects), while. If the same somatlc cell 

counts present In low test-day mUk y1.eld ap­

pear as high somattc ceU concentration (no di· 

luUon effects) . 

Dally mUk production per cow lowered 

from the first to the fifth class sec for 5.40 kg 

{1939 %1 (Mar\!a ot al .• 2008). In addition. 

Hagnestam et a1. (2009) stated that daily milk 

loss at sec of 500,000 cells/m! ranged (rom 

0 .7 to 2.0 kg (3 to 9 %J In prtm1parous cows, 

depending on stage of lactation . but In mul· 

tiparous cows, corresponding loss was 1.1 to 

3.7 kg (4 to 18%1. 
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Table (1): Leasl Squares Means, Standard Errors of Various Environmental Factors 

Affecting Somatic CcU Score n:CS). 

Ciauification No. mun ± S ... 
Age of 'be cow (ml,lnfhs) 
Less Iblln 41 . 581 2.99b ± 0.04 
41 - 55. 612 2 .9!J~ ± 0.04 
56 - and overall. 80S 3.19' ± 0.03 

Age II I u]viol: (months) 
Less lh:.n 28. 670 3.08b ± 0.04 
28· 49. 71' 3.08~ ± 0.03 
50· ~Ilr.l overall. 6]) 3.15' ± 0.03 
Order or i:lefatlon 
The fi~t. 740 3.00< ± 0.03 
The second. 55' 3.01< ± 0.03 
The third. Jl8 3.0gb ± 0.03 
The rourth. 178 J.oi' ± 0.04 

The fifth and hig.b~r lactation. 206 llL ± 0.04 

Stag~ oC lacliHioo (monlbs) 
Early (2 3). 1075 3.08" ± 0.02 
Middle (4-6). 672 3.00~ ± 0.G2 
Lale (7- and over aU). 254 3.09' ± 0.03 
Ltvd of production (kg) 
Low (less than 43.10). 184 3.05~ ± 0.03 
ModeraTe (4J30 - 7400), 5lJ 3.03) • 0.02 
High (7401 and over all). ])04 3.0S' ± 0.02 

lOS-day mature egulyaleot(ME) (kg) 
3.04b tess IbWl 8060. 443 ± 0.02 

8060 - 98lW. 447 3.07" • 0.02 
9881 - and overall. 111 1 1.05"' • 0.02 
Tnt· day milk ~ield (kg) 
LOw (I~ ,haD 0). 407 3.44' ± 0.02 
Modefllie (30-39). 550 1 . I S~ • om 
High (40 and over all) . 1044 2.58< • 0.02 

Dry period (dll)'i) 
LCSJ than 60. 564 3.01' • 0.02 
60 - 75. 605 2.97' ± . 0.02 
76- and overall. 218 2.99' ± OM 
Day~ optn (dIlYs) 
Lo!SS lhan 76. 195 3.0] ~ • O.oJ 
76 - 179. 780 3.07" ± am 
ISO- and overall. 1026 3.06' • 0.02 

Services per cooce,eiloll (oumbrr) 
642 ] .06 " ± 0.02 l.ess than] . 
752 3.05' ± 0.Q2 

) 5. 
6 and overall. 607 3.05' • 0.03 

SUliOIl of clIlvlog 
713 3.06· ± 0.02 

Winter. 178 3.0) ' ± 0.03 

Spring. 288 3.1" ± 0.03 

Summer. 822 3.04'" ± 0.02 

Autumn. 

Within the same classifiClition, the appearance of the same leiter with two means signifies that they do 
nol differ signifJ~l]tJy (5% level). Otherwise \hey do. 
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