b Lot 55— Gl s 90 S 31 53y Silogw S Johuw © 303 (Sl 5 51 yio! 51 3597 39
Ml (Ll Cutsli sla Joro
L pan oLELEIND ¢ (g5 gLAS 2SN« ald agle 09 £ jladily’
SO S SAL g oLELEIN ¢ (g 5y gLS 0ASKIY ¢ gald agle 09 K Ml
Ol jad 5 gl 5 5o shaS Sy (i Anlh L ga 5 g G Gho g paina el ST
! Associate Professor, Department of Animal Science, Faculty of Agriculture, University of Jiroft.

2 Professor, Department of Animal Science, Faculty of Agriculture, Shahid Bahonar University of
Kerman.

* Ghale-Ganj dairy farm, Fajr Isfahan Agricultural and Livestock Company

*Email: msmokhtari@ujiroft.ac.ir :J s sdiuy 5

oS>

e ls S Ul a5 b e Sosleer 0303l5s B3, sS) Do 4 pd Sl Slad sl Dt (b slag 3 1A 5 dble
Gl (S5 Skl s Kb e 4 Sl s Gl s bl ondy 5 Ol Slasilen a3 aiis gl slexel LG
s s 4 sl Lol sladde o 0T SLS 5 5 b W8 (K55 b)) RS ra) 5 el Jde bl el (6 e
3l o 35 a5 Ol WDge3l5as WS, IS0 Jasme S L LS e i 55l Ol e Sl a5 bl
et Sl g lad shar 6 o3 e Dley b bl S5 Slio o 5 5 3 (S5 o slil S slasysl 1 5 sy S,
S 5 Se5h sl bl spslp sl tagn Gda (ol Wl (550 e dor Jde 5 i S5 Jde asle adie s
b oo Bolal cunl sladie Sl eslinad b Olal 5a LosllS-Ulonyse slayy (308 30 ondsl 52 od SSlese gladsh oy

25 el

35 5 el YETY a3 il )50 e 53 b Slegu sladghor slad Oga3l 555 5555, VA Sl ass cpl 5 ila by, 5 sl se
ok (Sl oo S Al Ol e Ulygo (et 2 (Bosn poime L3 V0T BITAT gladle (b S s eslizad LosUl Sl 50
Y s 5 Y s at Il an s Wadie 5 A eslizad ol o balal ol sladie 5 S gla relil 350 5 gl sy
334 5 e kile Bl bl s Al ety B 5 1 (S5 Sl el Jolp Lo SULY 8 8 K s L g

s alie oo b (5 @»\)Lﬁaﬂ)&g&@&b\)gﬂ Sheslizad Lods a3l gladhe s i § L5 55 o Keal 5 Ken &y 50

09> QQQUW}@Q J';Als dﬁb.:ﬁ..:: 09> \AO j}))b '/'i 4 JLL”)JL&‘>J3‘:" U}JO )'}) B '/\\ )\ szi‘)‘ig":‘)} LhA:.éli
Jdli)b@&ajblz:mwﬂi)bwaﬁ ))}iﬂﬂbu.n ey ;;Qaj:":’ 69> Y1o BB Y M&‘ley}d;i\ﬁ‘ .\J})deh)ﬁ..i-
0 59, 55 +/*4 5l &S Q;A{m\é ‘5}{.15: Sl bawslie o 1y 6ME#~JQULU3 B e)ydb}.x};ﬁVS FRIpppt
L;LALS:..‘M j\%;&}'uéb()j&ji j})bﬁﬁj 6L“L;<:-:“~“ ol 3)}Tﬁﬂ>ua iy A3 YN0 35, 5 ¢/NE 4 A


mailto:msmokhtari@ujiroft.ac.ir

AL sy50 5 S o2 Sl sy m s e e Snp gl on S Gl Ses palis o dle 4 Lng o0
ASJE-)J J;)j.vf:&ld th)ﬂw 09> 'YV )'j)}\/' JJ)J:" ‘/Q/\Uh;ééﬁ.w 09> Yo jj))@j))&:’ /YA )l Lé:'f.vj élﬁt’i'l.wm.h
dﬁbﬂfa 693 Yo U \YY 6{.&)’})}\“\0 }V' LSLQ)))UZ‘" ~/~\/Udnﬂ.i 693 \YV}O 6{.&)})034 '/'i)' &fﬁ 6[.%;5_(2“@

Slag s Shes 5 sg 5 St IS Cbo (S5 3 g0t Sl paites SE] S s o 0L R ol 5 ol S i6 S et
s b e Slio WS 4 s b S Sl eslinal defl 8 Sl glad ke et S o 1 Lusbl S bl e

.CM..«‘JééﬂiejjJ;AS}';&J}‘J»)JL@TM\J&:}J@&J{M}&N@‘JJJM J‘YL’LSJ'LJ"!

S5 (Sad (5 S35« Slo g ladshor ot Dgo3T 355 3,55 (Ml o 1 1S slaels

3 Dl Conds 5 Ol pos Solew 6@335 saeis gkl B als s Sl sbadsle s

Sap gl 53 S el ol L 5 sluas sdasOLE Gaes a5 (v+)Y Jaskowski s Olechnowicz) el jls
ot Sla s slad b Slet 035 Vb sy cpl 51TV ODSes 5 RUPP) s o & 2 lge Sl 0de 0 0550 51 o2 ae
St Slaply Gl e o Sl Ol oyl (Sipie 51 A0 Sl ols Cledl) Ol a5 2575 Sl 4 U
Sl g glad sl e 5l oslizal b Sl o5 o355 Lads (Y1Y QLIS 5 Marogna) cod zilig LVs «
R P YT I I PRNT-R WP IO SR GIW A S pls ol s b AL S5 Golew (pl Oleys 5 Za e 3 Llg e 0
23 e b Slogw gladshe Jles (VU Sladis (Yo Ve Oea 5 Smistad ¢y« vy ol Ken 5 Podhorecka)
ol 4 ol wele 4 (Y YT LKes 5 Rychtarova) s 108 o i 56 oF o503 sl Sis s oo g i oSS
SIS Cond s i 3 0T VL e |y ol e o Ol 5l 5 s3badl i 51 et SGla g sl J g e
oS odle et Silo g sadsho sles oo (5l oy cal 51(YOYY 0L 5 Rychtarova) ws asl = o5 xS
Glapls 553 S dalp S8 58 (s mels Gl (bl (oIl 5 CudS L s 5w gk slapls Sl 35 @

O350 55 3,555 Soge 4 ot Sl g Sladphe slad a5l OF SLS 5 5 8 W8 Sliv 50 slay b Jal



5 &l e Sl Do a A d o5 OLL B 15 51 ey ptle Sl Jeolsd o las 585 ol s s Sl g
g e s
OS5 e My ol S35 b)) L8 oo 3 b Jde bl wasls (goed ey (K55 B s s
59,8 s Ol e 1 sdaze gllse szl s 4 ikl cunls Jie (Y0 YE OLKes 5 Upadhyay) ol of
e 8 S e s Gl (Y2 YE L an s Upadhyay) o sesliss slasssSs  s108 36 e SLA L LS e Ol ks
RS Slio (S5 bl s (VY 0L 5 SHIVA) (S5 sla il oo lasysl 55 5 s, S5 5l o3k
Golpl a1y sl Canl ladis da S5y cpl Kls 65 ghodinr 5 ¢l LSS asl bdue s ol b
Silo g Slad gho o dile Olo3 (b 53 el LSS laesls shls Slio sl pls (Sm§ bl 5 bl s des,l
2S5 dalpr SaS Slio ol g @l S5 5 SRS 315 ol Glaasl ey 4 ulg 53 5 IS e LS
G\}; Gl ol sladie cou il gladley s el Sl Glas, Sy e WbolS Cho s Gl
Slio lslasS 5 sloly 45 Sl Glatesn ml (ubslS mb (V4aY Hill , Meyer ) .l 5L bl
st S sl cho S gl mU al Sl di e S e s Sl il DL 1) el &S o3l
Baee bl sS GUSlpls Aol s g, 00 D 4y cDlalin ¢ 53 5 S5e Balad Jle g a l n Y gl bl 3 35 o 03Lizal
DS 31l 55 bl sS= bl Sl (sl 53 pd e eslinad (KI5 Wbl S sl 5 b s gl
oz 5100280 LK 5 Van der Werf) 505 Sas 6, So3lbl 53 Oley 40 45 3585 0 o s ol el ol

Llaa (Y' v 0 cMeyer) ui)&.:,w\d C\‘}; chﬁbL.é; CA-:JUU LSLAJJA e oslaiul JJ}A w.:Li)‘)S C‘j: u_ijlﬂjj;u:

Lo cilises sla, S 55 o3 28 jsba 5 ol Ll js g 5 slaslys A ) S5 Loall S=Ulay 5o 5 515
s ke 4 Ll 511 5l5 ool o sast i Y40 Jle 3 .(Y)4 0L Kes s Miranda-Alejo) el ois oaS1

Mrl;u\«.&law)).]aﬁf 6ﬂ@u J\?L;‘jW&)}ﬁmubjaﬁmJ.;)J‘Lhdfw\mnl.njjéu.u}a@)jﬁ



5 Ok Sl 51 et L Ol et et Sl g slad b sl dile 3Ll 5 ge Dlio (S5 sl il 5l AT
A > el Soape 3E ol 53 DS B aslsy S sl sl sl S-Ule s slay 53 b oS
H5 s lal Canl gladie 5l eslinal b LsblS-Ula s slay 5o b Slosw gad o o ped (S5 glo salil
Slo g Glad shos 6 b gy S5 O S ssy ool (T2Y0 LLSa s MoOKhtarD) ws 5,158 51 glagslaker o
S K5 Sl (Saan 55 5 A3 23 YO 555 53 0NN B a5 08100 Sy 5 oY 511 LsUlLS Ul pe 30 53 e
oslizad L (Yo Y+) OLSen s Arnal s S 5,50 0 VYV 5V gla0sa3Tss, o /A B YVO 5TV sladsaslss, o /T
L Gl p oUWl glay 5 e SSlo g Glad s o 05 (6 il Silys oSl k13 ob oo sl Conli sladobe S|
S sha o0 0351 55, Glas, S, gl Sily xSle (Y0VY) OLKea 5 Jimenez-Granado.us s s,058 +/e
s ppolie a5 din 8 1S 70 0 8305 0553 53 5 HTEO st oas ey 5o |y sl sl o Sl s
0533 sl 53 et Sl g slad g Sled o5 98 5 K55 sl bl 350 G b S8 tash cnlply A YL

bl el sl o s Balal ol sladie ) ealizal L Ol ) 53 sl S= Ul o sla gy g8 2

Ly 9 g0

&lo yzxis SleMbl

g A eslizal esle W, VoV 5 5 AT g by e LusblS Ul e i el YFAOA (gl o Sledbl
A bl (Y01 OLSes 5 Sargolzaei) CFC il o5 boojmed h6 035 obel 35 5 OF slalast lulis oo
35 ol amtlid Wiy 55 e Lol ol ead Sl o 55 Wbl S-Ulasse 5 o) 2 3050 Comaxr o Jltle
1A, AT Gdle 4y sls |5 15 0o IS Ao )s +/A7 547010 AVAY 5 5 4 axst sl Wl SO abal Wl
L5 L33 gl (o VY0V ile 5 5,8 O

Lysbl 3= bl g 30 Cdmezr glo s Sl =) s

Table 1- Pedigree structure of the population of the Murciano-Granadina goat
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Figure 1- Changes in milk somatic cell scores in the first lactation period of Murciano-Granadina

goats
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Table 2- The comparison of B-Spline random regression models for milk somatic cell scores in
Murciano-Granadina goats

S ] s ST Bl Slxe el sl Jte
Bayesian information criterion Akaike’s information Numbers of parameters Model
criterion
45849.93 15760.69 13 BSPL3Hom
15913.55 15769.40 21 BSPL4Hom
16002.18 15789.38 31 BSPL5Hom
16103.13 15807.96 43 BSPL6Hom
15848.61 15759.37 13 BSPQ3Hom
15915.85 15771.70 21 BSPQ4Hom
15995.00 15782.20 31 BSPQ5Hom
NC NC NC BSPQ6Hom
15950.38 15861.13 13 BSPC3Hom
15909.35 15765.19 21 BSPC4Hom
15987.53 15774.73 31 BSPC5Hom
16088.94 15793.77 43 BSPC6Hom
15888.69 15765.13 18 BSPL3Het



15951.76 15773.28 26 BSPL4Het

16043.59 15796.47 36 BSPL5Het
16135.84 15806.36 48 BSPLG6Het
15887.84 15764.27 18 BSPQ3Het
15956.13 15777.65 26 BSPQ4Het
10193.10 9945.98 36 BSPQ5Het
16137.09 15807.61 48 BSPQ6Het
15981.51 15857.95 18 BSPC3Het
15949.97 15771.49 26 BSPC4Het
16035.50 15788.38 36 BSPC5Het
16132.53 15803.04 48 BSPC6Het
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Figure 2- The changes of variance components for milk somatic cell scores in the first lactation

of Murciano-Granadina goats
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Figure 3- Changes for heritability (h?) and ratio of permanent environmental variance to the

phenotypic variance (pe®) for milk somatic cell scores in the first lactation of Murciano-

Granadina goats
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Table 3- Estimates of heritability and ratio of permanent environmental variance to the

phenotypic variance of milk somatic cell scores in different days of first lactation of Murciano-

Granadina goats

gla b 558 bl 4 edls oo bl o S gl Fg o Sl LI TS
e h?+SE. Days in milk
pe?+ SE.

0.09 £ 0.02 0.11 £0.02 5

0.07 £0.03 0.11 £0.05 15
0.07 £0.03 0.11 £0.03 25
0.06 £ 0.03 0.12 £0.04 35
0.05+0.01 0.12 + 0.04 45
0.07 £0.02 0.13£0.05 55
0.07 £ 0.03 0.12 £0.05 65
0.06 £ 0.01 0.11 £0.04 75
0.05 + 0.02 0.10 £ 0.03 85
0.07 £0.03 0.08 £0.03 95
0.06 £ 0.04 0.07 £0.03 105
0.08 £ 0.04 0.05+0.03 115
0.10 £ 0.05 0.04 £0.02 125
0.10 £ 0.05 0.03+£0.02 135
0.10 £ 0.05 0.04 £0.02 145
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0.08 £0.04 0.04 £0.03 155
0.08 +0.04 0.04 £ 0.03 165
0.05+0.02 0.03+0.01 175
0.06 + 0.02 0.04 £ 0.03 185
0.07 +£0.03 0.06 +0.03 195
0.07 +£0.03 0.07 £0.03 205
0.07 +£0.03 0.06 +0.03 215
0.06 £ 0.02 0.05+0.02 225
0.06 +0.03 0.05+0.02 235
0.07+0.04 0.05+0.03 245
0.09+0.04 0.10+0.05 255
0.14 +£0.03 0.12+0.05 265
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Table 4- Estimates of genetic (upper diagonal) and phenotypic (lower diagonal) correlations

among different test-days milk somatic cell scores

265

203

137

70

RO 39
Days in milk
0.38+0.13 0.55+0.17 0.52+0.19 0.62+0.16 - 5
0.55+0.24 0.89+0.24 0.98+0.17 - 0.05+0.02 70
0.95+0.28 0.85+0.23 - 0.06 +0.02 0.04 £0.02 137
0.89+0.34 - 0.06 £ 0.02 0.05+0.03 0.05 +0.02 203
- 0.05+0.03 0.07 £0.03 0.07 £0.02 0.06 +0.02 265
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The estimation of genetic parameters for milk somatic cell scores in Murciano-

Granadina goats by B-Spline random regression models
Abstract

Background and objectives: In dairy goats, somatic cell count (SCC) in milk is collected as
test-day records and serves as a reliable indicator for the early detection of udder diseases and the
health status of mammary glands. Improving the genetic potential of dairy goats requires
selecting an appropriate model and an efficient method for genetic evaluation of milk production
traits and their components. Random regression models, due to their numerous advantages,
including the ability to account for environmental effects influencing test-day records, the
capacity to incorporate large volumes of data, and the provision of more accurate estimates of
genetic values in the analysis of repeatable traits over time, such as milk SCC, are superior to
other models, such as repeatability and multi-trait models. Therefore, the present study was
conducted to estimate genetic and phenotypic parameters of milk somatic cell count during the
first lactation of Murciano-Granadina goats in Iran using random regression models under B-

Spline functions.

Materials and methods: A total of 7,089 test-day records of somatic cell count (SCC) from the
first lactation of 2,432 Murciano-Granadina goats were used. These records were collected
between 2017 and 2024 at the Murcia Dairy Goat Breeding Complex in Qaleh Ganj County,
Iran. For estimating genetic parameters, random regression models based on B-Spline functions
were applied. The models were fitted in three forms, linear, quadratic, and cubic, and with 3 to 6
equally spaced knots, for both additive genetic and permanent environmental effects. Residual

variance was considered in two ways: homogeneous and heterogeneous. The fitted random
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regression models were compared using the Akaike Information Criterion and the Bayesian

Information Criterion.

Results: Heritability estimates for somatic cell score started at 0.11 on day 5 of lactation,
decreased with fluctuations to 0.04 on day 185, and then increased again with some variation to
reach 0.12 by day 265 of lactation. The estimated ratios of permanent environmental variance to
phenotypic variance were relatively low but showed greater fluctuations throughout lactation,
rising from 0.09 on day 5 to 0.14 on day 265. Genetic correlations between different test-day
records were generally higher than phenotypic correlations, with stronger correlations observed
between adjacent test days and weaker correlations between more distant test days. Genetic
correlation estimates ranged from 0.38 between DIM 5 and DIM 265 to 0.98 between DIM 70
and DIM 137 while the phenotypic correlations ranged from 0.04 between DIM 5 and DIM 137
t0 0.097 between DIM 70 and DIM 265 and also between DIM 137 and DIM 265 of the lactation

period.

Conclusion: Based on the results of this study, direct selection for the genetic improvement of
somatic cell score in Murciano-Granadina goats is not effective. Improvement in the
performance of these goats with respect to milk somatic cell score requires indirect selection via
traits with high heritability and enhanced environmental and management conditions,

particularly improved hygiene practices during different stages of lactation.

Keywords: B-Spline function, Genetic correlation, Heritability, Somatic cell score, Test-day record
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