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Effect of propylene glycol supplement during the periparturient period on negative
energy balance and fertility in Tropical Holstein dairy cows

Arun Chankrachang® Jatuporn Pongpeang® Tanapon Sukkankah?

Abstract

This study aimed to study the effect of pre- and post-partum propylene glycol on
negative energy balance and fertility in dairy cows. Seventy-nine cows composed of pregnant
heifers up to the 6" parity cows, with body condition score between 3 and 3.5, were raised and
managed similarly from dairy herds located in Saraburi and Lopburi provinces. Pre-partum dairy
cows were randomly assigned into 2 groups: Control group, 39 cows did not receive propylene
glycol, and Treatment group, 40 cows were fed daily with 500 ml/animal/day of propylene glycol
from 10 days before parturition to 10 days after parturition. Blood samples were collected to
assess the levels of glucose and non-esterified fatty acids (NEFA)on the 10™ day before
parturition, the day of parturition, and the 10", 20" and 30" day after parturition. Reproductive
performance after calving of each cow was also recorded. The results showed that cows in control
group had higher NEFA levels (0.342+0.027 mEg/L) compared to that of treatment group
(0.268+0.028 mEg/L) (p<0.05). On the other hand, there was no significant differences in glucose
level between two groups. In terms of reproductive performance, compared with control group,
cows fed with propylene glycol had shorter interval from calving to first estrus (51.4+5.3 and
90.0+5.1 days, p<0.05), interval from calving to first service (79.9+6.4 and 95.2+6.6 days, p<0.05)
and interval from calving to conception (112.4+9.5 and 140.6+9.8 days, p<0.05). In conclusion,
supplementation of propylene glycol before and after parturition had effects on negative energy

balance of dairy cows and led to better reproductive fertility after parturition.

Keywords : periparturient, fertility, propylene glycol, negative energy balance, dairy cows

Research project no. 66(1)-0208-010
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uazdsudunglaa wazursdngnumlulasidulnsilewslunszsinznsintouiiazgnaads amise
LﬁmzﬁUﬂq‘[ﬂaLLagSuﬁu waranseau NEFA way Beta-hydroxybutyrate (BHB) lunsuaiien 1unis
Lﬁuau@awé’wmuazammmL?immﬂﬁﬁyjmmwﬁim%a (Nielsen and Ingvartsen, 2004) Inslnédulng
ﬂaaL‘fJumﬁﬁﬁ’ﬂaﬂﬁ’umazwé’wmmmauﬂaiumﬂﬂuu (Rukkwamsuk et al, 2005) wagtdunisiiiy
ﬂizﬁm%mmzuuﬁuﬁuﬁ: (Formigoni et al., 1996; Miyoshi et al., 2001)

wonaninslinsinaulnanealudienieutazndinassiinadonisanaududuves BHB NEFA
wazeselunanaun Iusumzﬁﬁmnﬁm%uma%zﬁmghﬁ DUYAU ARBLAAINBTER WAz Insulin-like Growth
Factor-1 (IGF-1) (Grummer et al., 1994; Formigoni et al, 1996) Ss1uiutunasaiadudnadiusnanas
(Rukkwamsuk et al., 2009) wag Wudnsn1skaufin (McArt et al.,, 2012; Slobodankaet al., 2012)

IS

NUITeASINTITRaUsTaIRiaAnwINaTe NS AL INaADaY 19N AULAL VA IARDAR DNS UV

9

allﬂaLLa"’ﬂ’ﬂllalIU5€NWU§LULLN1®UNWU6V]§@Uﬂ@ﬁiﬁﬁaiﬁlu I@EJ’N]@'J’UJ?!@JUiﬂJWUﬁ loun ?]’]U’JU'JU
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waztdeyanlaluldusvlovliowmiudsyansnnssuvduiuguazanmugadenaasegialuiiunis
Bedlaululszmasialy
gUnsaluazdsn1maaag

dndnnaag

= :Jl dy o = s =) 1 a 1 v s ay
n1sAnwasadvinisAnwlunisulausinyasnaesetielasinisidnnelauuiugnselaea
loaalatvoinsuuadnd lunundminaszus wazany3 dnsideegnisdamsieaiendeiu fe eglu
TsaSounuuiaesnasnian 3auniuay 2 Ase nfeudunanisiludn fe daadh 06.00-07.00 u. Tugas
118 14.00-15.00 u. lnewilauununaglaiuemsdunazenmverunmuunfvesisunilussesung
wnarszerliun msliemstudnsaguiludndiufio Tiemstu 1 Alansu seuSunauiuu 2 Alansu
Mudlandnle dnsuemsverurisieu Squisu-suau v an 1wy v ner3d veuuldes
Auduiiiuay 2 o wazdvsliiunaenal diutiniou unseu-ngeniau dnslifunaeaaiiay
sutlnendin wilauuldsuiiazeniusasaian nsdndendaiveassiniunisinensdududoya
laulussuuansauwmalauuvesddnmalulag¥inmnisudnuadnd vinisdansessetoudlauuiigs
AIVBIsEEEYNgY (3 LADUAYIEY0IN1IAIYBY) Tuthusieu nainu-Suiau 2565 lulaaviesauiiudla
uAUYeIN 6 Mntueand1saalaudlumiiuvetnunIng AsIaau MYty wasUseliunshuusene
1A (Body condition score, BCS) gudmdaniauufidguaimuduse wazdsnaneauysallnedaziuy
$9N8TENINN 3-3.5 uulAT U NIAMENUTRATINUNAUANMNUARINETY 538 79 A7 31nISY
NAINS 16 Whsu vnsdulaundingunaass 2 ngu laun 1) nguveaes (Treatment) 971W3u 40 #2
wae 2) nguAtuAx (Control) 91u3u 39 f1 aglundaznisudeadilauiid1vinn1snaaeAsuns 2 ngy
launiliiinsnaassnislurisuieiuiesdifmuaiunasngnlugisdeiiu waglauugndudingy
VARBIMUUEN T18aLBUANFUNARDIERA
! o ! ’ A vo a & L ° o =
nqunaaad Wunquuilauuilasunisdeulnsindulnanea Asusneuivusmaen 10 Tu uds
nasPaen 10 Ju USung 500 T/ u
1 I 1 ¥ A v Yo a
nauauay Lunguwdlauunlilasunsdeulnslndulnanea
NSNUABEI9
o a A ; 3 | 1 1 (% o A ! (% LY
Afiunszdenuallauuiia 2 nquYnnoukasndinaenluiuil neurasn 10 Ju (-10), Junaen
(0), ndamaen 10 Fu (+10), nasnaan 20 Fu (+20) wazndaaen 30 Tu (+30) lagiiudleg1nien
Uszana 10 faddns vshadwdenee ldlunasanuidenilidastesiunisudsiivendon Yasel
A < o o a ¥ = S o y v ! LY L7 7
\Honudasinngamgiviesyseunas 30-60 uri U luTuuwendsu dwsiassduaududurenglag
ez NEFA W@qﬂgummimnmmaamwmmam Wenuaiuniway dunanisiludavesudlauuvas
ARBA LasyinNISHaNisy WiauanIvisailonsu 60 Jundwauiiouudiudlauulindudn

nstuiindaya

Juiintayauseda lauy taun 91y d1duvias Lagnansi93ins1esia nglaa (me/dL) uag NEFA
(MEg/L) Ndninaasia 2 nau dudneumiruanaen 10 Juaufmdiraen 30 1 91NN15I2LH00
n533lWTuN -10, 0, +10, +20 wag +30 59y 5 Toya/dninaaed 1 i Jeyanwnandedudeyatuding
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ARBA 'JuLUuﬁﬂﬂiﬂLLiﬂﬁaﬂﬂaﬁlﬂ ’J‘L!‘Vlﬁ\lﬁllﬂix‘lLLiﬂ’ﬂUﬂﬂu%Nﬁwﬂﬂ GUENLLQJIWUEJ‘VN 2 ﬂall

nsiasENtaya

AuANwTYasdayalaul

Taunitldlumsvaasanszasegluvhdalauy 16 vhiu Jsdidnnlauidmaaouads 4.9 fvhi
(2-13 @2, SD=2.6) ﬁ%aﬁamqiﬂ 52.1 1iiou (20-120 1oy, SD=16.7) warALaaga1suT o9 (parity)
Wi 1.6 (0-6, SD=1.1) (Table 1) sisii TnusmaassdnlnaiJuwlauuied 1 (39.2%) sesasmnu
wilAuiiaad 2 (31.6%) Tuvazdilaaniviowsn waswdlausiosd 3 ddndulndifeatu (11.4% was
13.9% sadhiu) Avdeduwllaunried 4 Tul Feidndruiiondnton (3.8%)

Table 1. Characteristics of dairy cows in propylene glycol supplementation study
ltem N Mean Min Max SD

Number of farms 16 - - - -

Number of animals per farm

Control 39 2 1 5 1.0
Treatment 40 2.5 1 8 1.8
Overall 79 4.9 2 13 2.6
Age, months
Control 39 58 24 120 17.9
Treatment 40 46.4 24 78 13.4
Overall 79 52.1 24 120 16.7
Parity
Control 39 2 0 6 1.1
Treatment 40 1.3 0 a4 0.9
Overall 79 1.6 0 6 1.1

AT IENEIUYIFIga

amgndsnuraaugalumsfnwedald Wesduaruduturesnglea uag NEFA Huiaued Tae
U ﬂqiﬂaﬁﬁ%aﬁ'aﬂgmmwiﬁu 33.7+16.7 mg/dL HailAlafsvenguamuntiazngumaaed iy
34.7+16.5 mg/dL way 32.7+16.9 mg/dL a1ua1syu d2ud1 NEFA wua1dA1ed oy snuasi 1y
0.283+0.258 mEq/L Tnglunguaiunu uazngamaaed faade NEFA 1ifu 0.317£0.311 mEq/L uaz
0.251+0.187 mEg/L 1ua1su (Table 2)



Table 2. Summary statistics of blood glucose and NEFA concentrations in dairy cows from

propylene glycol supplementation study

Days Glucose' NEFA®
Group n
postpartum Mean Min Max SD Mean Min Max SD

Control -10 39 34.9 21.0 69.5 14.0 0.260 0.030 2.140 0.335
0 39 40.0 15.0 147.3 26.7 0433 0.077 2473 0.475

10 39 319 20.8 67.3 123 0.361 0.005 1.333 0.273

20 39 31.1 20.6 60.3 10.5 0.244 0.007 0.650 0.145

30 39 35.8 20.3 67.9 134  0.285 0.024 0.790 0.191

Overall 195 34.7 15.0 147.3 16.5 0.317 0.005 2473 0.311

Treatment -10 40 36.2 21.7 77.0 12.6  0.195 0.018 0.872 0.172
0 40 30.1 19.0 179.1 25,6 0.282 0.024 1.076 0.210

10 40 34.3 21.3 94.7 16.3 0.281 0.018 0.825 0.185

20 40 32.0 20.4 102.2 16.0 0.261 0.011 0.842 0.177

30 40 30.8 21.2 51.4 9.3 0.235 0.005 1.018 0.182

Overall 200 32.7 19.0 179.1 169 0.251 0.005 1.076 0.187

Overall - 395 33.7 15.0 179.1 16.7 0.283 0.005 2473 0.258

! Blood glucose concentrations in mg/dL

? Serum NEFA concentrations in mEg/L

AUENYTAINUS

aruauysaituslulauuiusnselnoalaaalm fiddny lWud S1uauturasnfadudandausn
(interval from calving to first estrus) §1A1128 81U 70.5+33.4 Fu S1uauTuAaendwaLAT LN
(interval from calving to first service) fAnadewiiu 85.8232.2 Tu S1uinfuraenieuaufin (interval
from calving to conception) SiAadewintu 121.0+48.2 Ju wazdasImsHaniandausn (first service
conception rate) a1nlATiaAu 73 #1 (nuAIUAN 30 ¢ WA NGUNARBY 39 ¢) BellnansuauTioy
mevdansnaen wuiilafimsuauinainnisuauaiausnvdanaen S1uau 30 §a Anwdu 41.1% Sasns
nauRnasssnudseaenlunguenuas uazngunaaes Sauiiu 44.1 uaz 38.5% maddy (Table 3)



Table 3. Summary statistics of fertility in dairy cows from propylene glycol supplementation

study.
Trait Value Control Treatment Overall

Interval from calving to first estrus, days n 39 40 79
Mean 90.9 50.6 70.5
Min 40 21 21
Max 185 85 185
SD 35.0 14.6 334

Interval from calving to first service, days n 34 39 73
Mean 96.0 76.8 85.8
Min 40 41 40
Max 186 109 186
SD 40.6 18.8 32.2

Interval from calving to conception, days n 32 38 70
Mean 137.8 107.0 121.0
Min 52 41 41
Max 270 171 270
SD 59.6 30.1 48.2

First service conception rate n 34 39 73
No. of pregnancy 15 15 30
Percentage of pregnancy  44.1 38.5 41.1

nsATIEdaya

navasnstasulnsindulnaneadanitzndeuuiaguna

Ainseidoyadildainnstuiing ludninaassfuieatu (Repeated measurement) Tuusiag
FnaneuarndInIsaaen (Tuil -10, 0, +10, +20, uay +30) IneldluimanauiBadu (Linear mixed-
effect model) lngdiauuUsnu (Response variables) A nalaa way NEFA diudquusau laun answa
Al (Fixed effect) Fausznaudae NAUN1INARBY (group) Fuiliusegae (days) nEnaudunius
(interaction effect) ism'wﬂq'umamamﬁ’ufuﬁLﬁw‘hashq (group x days interaction) wag W15u
(farm) duifadedu (random effect) Idun fadn (cow) wag A1uAaIALAAeY (random residual) fiail
vEnansiivoswhiy (farm effect) gnlilulunaifiolviaonadosiunisooniuunismaass (experimental
design) wartAUANANLLANAIEEANULUTUTINTRIMEaAnTIARNAIILANG VB IWSY (farm
differences) (Wuldanuadinuin mslddnswavesrhiululumatieliaunsansianudvinavesngu
naaedln) anslunanisine)



navasn s nsindulnanaadennuauysalnug

Taszideyanuauysaiiugluwilavuiugnselnealaadlad laun Suuiunaendadudn
adusn (interval from calving to first estrus) SrunuiunaendalASaLsn (interval from calving to
first service) wag SuIUTUAaRARINENRAR (interval from calving to conception) Tagldlananaias
1 (Linear mixed-effect model) Tngldfudseu liun dvdnansdl (fixed effect) voangunismaass
(group) wag Yosil (parity group) d2uifadugu (random effect) laun w1y (farm) wag ALAAIA
\deu (random residual) Ingdnswaguvesidy (random farm effect) amsnoSurganuulssiu
vosrndunn Tiaaus 20.7-47.5 % vesmunlsUTiuiionun

Yogyananiswaniiioy (es w3e laivies) Wudeyainduls 2 wuu w3e binary outcome (0 or 1)
F9v1n157LAT12 A8 Logistic regression model 14 luina Generalized linear mixed-effects models
(Logistic regression model) ﬁm%ﬁmﬁwﬁé’mmﬁgﬂﬁm 741438 Restricted maximum likelihood
(REML) Tunisuseunaainsiiitnes laeld imed package (Bates et al., 2015) Tulusunsu R (R Core
Team, 2023)

VAAOUALLANANVBIARALTYIINGUMEaTA F (F-statistic) senudvinavesladuiaula

TusUuuuvesdade least squares means (LS means) USuAn p-values me3s Tukey (Tukey adjusted
p-values) 1ng/l9 emmeans R package (Lenth et al., 2018) AuunA1dydIAYNIS@TAT s¥AU 0.05
(@=0.05) N53AN1TVBYA NITUATIRARATINTTUUT NTUATINLLAS N1IVAFRUADRAT9Y UagnIs

ASTILEUNIN mﬁ&ﬂﬂﬂmiwwaaaﬁﬂL%ﬁ]g‘ﬂ R (R Core Team, 2023)

NANISNNABIaZIA5al

Mnmsudanguudlauuianmadu 2 ndu nguit 1 nquaiua Wuullausneuuasnds
aenlilldsunisteulnslndulnanea waznguil 2 ngumaass Wuuslauuneuuazvdsnaoaldiuns
Joulnslnaulnanoa Usinms 500 faddns/f/fu dauddeurinunnaen 10 Tu audmdanaen 10 Ju
nieunaazdonulauuria 2 nduflonmaszduen nglaa uaz NEFA Tutuneufmuamaen 10 Ju Junaen
wazIudl 10, 20 uaz 30 dsnasn uazAnmuAIENAIUIRANRALAE A MANY Al Tl ALLTUS
nseleoaleadln ¥kansdnufudsdl

Havasnsesulnsinaulnaneadan1zndsnuvInana
nsiesgisninavesmsiasulnsindulnanearesedunglaa uaz NEFA melunaidaidunay
(linear mixed model) L?Ju"?%‘ﬁmmzauzﬁm%’umﬁmwﬁ%gm’fﬂ (repeated measurement) lagwuin
linudvEnavesdvdnaufausius (interaction effect) szminsngunismaassfufuiiiiusogs (group x
days interaction) 91NMTAATIERTEAUAIUTNTUYRY NQlAd (p=0.0663) hag NEFA (p=0.1763)
NNAYBIANLAAY Least squares means (LS means) (SE) vesszfuamdudy nalaa was
NEFA wudn Bvidwavesnguvaassinaseseduainududures NEFA (p<0.05) lnenguiildsunistou
Inslndulnanea flrdsves NEFA Wiy 0.268+0.028 mEq/L Yosninnguitlilssunisdoulnslndy
lnanea Feilduviniu 0.342+0.027 mEg/L egsilifudAnmnean uandliiduinnguilallddeulnslndy
nanoafirwes NEFA finnnindafuasnannafiumsassludurendodelutuiiinntu agndlsfinm



nstfoulnslndulnanealifinasoszdunglaaainlauuisansngy (p>0.05) (Table 4) Feaonndosfi
Rukkwamsuk et al. (2009) fivhnisnaasslasnisteulnsindulnansaluteszoznounasn 7 fulay
szozvdsnann 7 Ju wulwilaunnguitldldteulnsindulnaneatirives NEFA 1nndinguusilausd
Joulnslndulnanea waesvdunglaadaliuansefuluwlauisaonds

Table 4. Least squares mean=SE for blood glucose and serum NEFA between treatment and

control groups

Trait Control Treatment
Glucose (mg/dL) 344+ 1.4 322+ 15
NEFA (mEg/L) 0.342° + 0.027 0.268° + 0.028

* Different letters in the same row indicate significant differences between groups at the p < 0.05.

P | a ) v v | & '

NNSANYIMUIINISWAsURassERUATIITUYeY nglaa waz NEFA lurisiandusney
AADAAUDINAIAADR (JUN -10, 0, +10, +20, way +30 ) Falanantylun1siasignasel Yrelraiunse
NAFBUTTAUNSWATUWUAIRINA1ILA 3nARAEYaY NEFA naanvi9nan 10 Junaunaon auna 30 Ju
NaIAADA WU TuNReiutuaIniuraen (days relative to calving) fnanaszAu NEFA (p<0.05) ay
LWBNATUIANEANAIITENINGY TTudeITu wudrluiuilauuaasngn (day 0) wilauulungy
AIUAN H5EAu NEFA (0.459 mEg/L) gendudlauunguiideulnsindulnanea (0.299 mEg/L) gl
v o w . Y & 1 al 1 a (%] o 4
Wedfiey (p<0.05) (Figure 1) uanslviiuinnsdeulnsindulnaneadmaisen1iendsuvinauna vily
wlAuuiinsUSuARanMgaanalan Mlinisaangludundsnasnanad

0.5
0.459*
0.45

0.4 0.386

0.35
0.286

0.3 oj78/o 0.31
0.299* 0.298 ),

0.25 0.252
0.27
0.2 0212

0.15
0.1
0.05

day -10 day O day +10 day +20 day +30

=@ control treatment

Figure 1. Least squares mean for serum NEFA at different days relative to calving

(* indicate significant differences between groups at the p<0.05)
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uananil nsdsundasmesseiu NEFA 9 nlausdia 2 nauiisduuuadiedu Tasddiadeas
flanlutunaengn 9ntusedu NEFA foe q anasvidanaen agslsfiniu nauvaaesiideulnslndulna
AoANUIISEAU NEFA o Sunaangn (0.299 mEq/L) tindulsinnuazliiunndransaddduiud 10 rou
Aaen (0.212 mEg/L) waysziu NEFA nnendinisaaenanasiisndntosluiud 10 Tundinaen (0.298
MEQ/L) niuieres q ansyiuategnedn o deinsdsundasiesun Tnglinumnuansiawes
seiu NEFA Tutuiiuandnaiu Tumanssiudna nguauasddsiiinsdeulnsindulnanoa asnuinszdu
NEFA daduuansnsiudaauegreddodrdynieada Ingianizseniteiuaaengn (0.459 mEg/L) Ay
Sufl 10 neuraen (0.286 mEQ/L) uaz 20 ndsraan (0.270 mEq/L) (Fieure 1) wanslimuinudlaualy
nauemuaLiigmnEsuInaugaisuLsunndt nandewilauuiinnzvandsidesiliinng
aanglusfunnnndt dunansinisteulnsindulnaneaaunsaannisaansluiunieanngndanuain
aunalaaninsldlddeulnsindulnanes

Pndvsnavestuiisnetuiuaintunraen (days relative to calving) MasEAuNglad WUl Sudi
satuuaniunaen lifinasdeszdunglas (p>0.05) ety Felaimunsiudsuuiasesseiungladly
Fufteneduita 2 nau wazliwusUuuumsiasundasidniuvessedunglaaainiuil 10 neunaen uds
Fuil 30 ndsnaen (hiuaniua) Feaonndaariu Rukkwamsuk et al. (2009) Alinupmuanaswosseiu
aududuresngleail 1 uas 2 Uamindsaaen Tullauuiiteuuadlsidelnslndulnanea atndlsfny
nsfnmfanam Menusesungleavesuilauunguiliteulnsiwiulnansatiuualifugenin (p=0.06)
Tuwsilanguiiteulnslndulnanea deoraidumnelnsindulnaneaausaiinsssvvenglaalunseus
denlaldlasianigluriefisaniedanudesniamdsnusinluszezndenasn (Rukkwamsuk et al,
2003; Nielsen and Ingvartsen, 2004)
Havasnstasulnsindulnanaadennuauysaivug

avaansiasulnsindulnareasenuauy saliuglungumualLasngunaaes WuITwILiuAaen
Sadudnadiusn daneas (Least squares means) 1Y 90.0+5.1 JU Lag 51.4+5.3 U 91UIUIUAADA
fanauasousn danadowindu 95.2+6.6 u wag 79.9+6.4 Tu uagdauuraeadwauin Saade
Winfu 140.6+9.8 $u uae 112.4+9.5 Su awardiu (Table 5) uanslififuiuslauslunguiitoulnslndy
iﬂaﬂaa ﬁmmammaﬁﬁus‘wé’maamﬁﬁﬁu Tnefidunutuaseniadudandausn ﬁwuauiuﬂaamﬁmau
Adauan LLaummmuﬂaa@mwammuaammawluﬂau‘lwﬂwau%aﬂaa ag1aildudAny (p<0.05) sz
aonAdesiu Rukkwamsuk et al. (2009) isrsnuinuslauunguitoulnsindulnaneaiiszeznaiads
Fauseaoniufauansoiniadudaadausnldini

Table 5. Least squares mean=+SE for post-calving fertility between treatment and control groups.

Trait Control Treatment
Interval from calving to first estrus, days 90.0°+ 5.1 51.4°+ 53
Interval from calving to first service, days 95.2° £ 6.6 79.9° + 6.4
Interval from calving to conception, days 140.6" + 9.8 112.4° + 95

* Different letters in the same row indicate significant differences between groups at the p<0.05.
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dudarnnsnaufnadusn wui maasulnslndulnanes linadensuaufinadoun Sauiy
A1 odds ratio suaqmimauamﬂ%gm,wﬂiumjmmaaaﬁLa'%aﬂwﬂwﬁuiﬂaﬂaa Wiguiiguiungumuau Wiy
1.03 laiumnsnannsadid (0>0.05) (Table 6) @ s019LAn9NTasBgunMLAgnvosuslAuTdINasie
Uszdninmsyuvduiugvedauluyimaseaen

Table 6. Logistic regression results for first service conception and propylene glycol

supplementation in peri-partum dairy cows (n=73)

Parameter Odds ratios * 95%Cl P-value 2
Intercept * 1.14 0.27 to 4.77 0.857
Group 0.962
Control (n=34) reference -
Treatment (n=39) 1.03 0.33 to 3.22 0.962

! Adjusted odds ratios
2 Wald test was used to assess the overall effect of Group and Parity

> Odds at reference levels of predictors

Tnslndulnanea (1, 2-propanediol; CH:0,) iflumeswaniifisavnu Qmmm%ulé’ﬁ wazdaumila
Fafinuantiduansiadunssuiunisainglaa wassinldtuialulun1sinwinniedleda lasende
Mé’ﬂmsﬁdwmsﬁ’aﬂdn%ﬁwLﬁmzé’mqimiwﬁamiﬁashamm%a (Butler et al., 2006) Insitoruniduy
wandnvanvasnisninlnsindulnanealunszimzndin dsanunsagrumiluaduliegasinga (Feraro
et al, 2009) Faduuslewisolalunsannmis NEB waznmsAlnda vdmnteulnsndulnareadulve
agoonInusveanszimzvinviesudosmafue s uazgnildsudunglaalasdu (Rizos et al,
2008) Inslwdulnareafuamsdauresinsfilownlunssimensinfiaunsgaduldegrssagian
nssnendndmsunseuiunisasianglaalvalusiu (Nielsen and Ingvartsen, 2004) lnslwaulnanea
annsndsanamy NEB Idlasnszuaumsadnenglea wardudimsdnasgiansdlau uonanilnslndu
lnareadadioufinuinmiug msduiug uasuszandnmessgiduiu Tnenaiuszdunglaaly

NAALILAENISYINUYRIRUlUlANLN NS ALATE

UszAnsamszuuduiugveuadlaundutadoddgyiigausenisvi shdssadenarilsnig
LATEINVBINITNAAUN TTETIALATAIUTULTIVOIN1IE NEB vasiilauuluyisusnvainaands
Ateadulssansamszuuduiugdnse msaaeluiuluTinasndsaldsdonisiauvessiu
\dosannsavauvedlasiedandwesoarilinsidnfivsonniudsunesludeliduy Seanas
worludleuaze S vdmanonnuanysalwus lusseznaunnlyiazn1sWmuIv0Ii 18 0UTEEELIN
(Tamminga, 2006) Mannldasausnuasuslaazdasannsannsvdssesluy luteinizing (LH) tlosann
izﬁumgiﬂﬁimﬁamﬁ (Jorritsma et al., 2003) s¢au NEFA ﬁqqﬁudauﬂaamzLﬁumﬂm?{sw{amag
uAgNSnay (Giuliodori et al., 2013) MsdniauTasuagnazguusstulfidesananududures Beta-
hydroxybutyrate (BHB) %38 NEFA ﬁqﬁuiuﬁd'mﬁﬂwé’maam (Pascottini and LeBlanc, 2020) dsdua
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yliungnidnganduasmanauindeiadlivsraunadise fafuame NEB figuussazanyszaninim
szuvdAuitusvosla vilvinisdiguasuagnard Basreznandusindnaenaudadudansousn s
wansarnsliudnanas wazdnsinisuanfnanas Juchem et al. (2004) Fliidiudrnasliinslndy
lnaneaneurnonilieuduturesngleauaydugAuifiatu uazan BHB way NEFA Tuwanaun ms
adalnslndulnaroalifuuslaunnounaenivssansawlunsdudsnmaifnnmedlada dedu nsld
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Buu3le (Madoz et al, 2020) nisiind wiuvemeadidaruindndmansenisdudandnasndiay
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Genome-wide association study for milk yield trait in different lactation stages of Tropical Holstein dairy cattle
Jatuporn Pongpeng', Sayan Buaban?, Pattarapol Sumreddee’, Tida Komsangthong” Praopilas Phakdeedindan®
Abstract

Genome-wide association studies (GWAS) are a powerful tool to identify genomic regions and variants
associated with phenotypes. However, only limited mutual confirmation from different studies is available. The
objectives of this study were to identify genomic regions associated with milk yield trait in Tropical Holstein
dairy cattle, and to identify genes and pathways that may influence this trait. The studied data set contained
409,122 monthly test-day milk yield (TD-MY). A density of single nucleotide polymorphisms (SNPs) panel
(BovineSNP50 Bead Chip, Illumina Inc., San Diego, CA, USA) was used for genotyping. After genomic data quality
control, 42,119 SNPs were retained from 3.397 animals that had both genotypes and phenotypes. The GWAS
analyses were performed considering 3 different lactation stages: early (5-95 DIM), middle (96-215 DIM) and late
(216-305 DIM). Effects of SNPs for each lactation stage was estimated by back-solving the direct breeding values
estimated using the single-step genomic best linear unbiased prediction (ssGBLUP) and random regression test-
day models (RR-TDM). To identify important genomic regions related to the analyzed lactation stages, moving
windows (SNP-by-SNP) of 20 adjacent SNP explaining more than 0.50% of total genetic variance were selected
for further analyses of candidate genes. A total of 3, 4, and 3 important genomic regions were found in the
early, middle, and late stages of lactation, respectively, and a total of 45 genes were found that were related
to all stages. The same genes were found in the early-mid and mid-ate stages. When analyzing pathway,
biological changes of genes in the lactation stage were found to be significant (P-value < 0.05), including the
genes ABCA4, ABCD3, ARHGAPZ9, SLC44A3, FNBP1L, MOCS1, GCLM, LRFN2, TMED5, PHF2 and F3. These genes
are involved in important pathways, including: growth and multiplication of breast cells, stimulation of milk
production and secretion, transport of both lipids and proteins and regression of breast cells. The results from
the study suggest evidence of the same or differential sets of candidate genes underlying the phenotypic
expression of the milk yield traits across lactation stages, which will lead to knowledge of the genetic basis of

the population structure and can be used as target genes in gene expression studies.

Key words: Genome-wide association, Tropical Holstein dairy cattle, milk yield
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Table 1 Number of animals and records used in this study

ltems Number of animals and records
Animals in pedigree 89,728
Animals with records 47,285
Test-day records 409,122
Genotyped animals 3,397
Bulls 190
Cows 3207

SNP information 42,119
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SNPs fildagsiowinunisaaunuAma T (Quality control) Ssfiarsaindae Call rate > 0.9 dmiusta SNPs
wazdluudnd auddadages (Minor allele frequency, MAF) > 0.05 N1580NaNaNAA Hardy-Weinberg
(AMNuUANAssTEMINsANATIAAnTs LaraATidann) <0.15 MavaasuANLT AL sTEINsA oW
anuanu (Parent-progeny conflict) wanand SNP ilainsusumaniooglulaslulsanaaylaildgn
vhuldlunsiiesedt mevdsainnisaunuaunm Sdeya SNPs flmdediviunsinsiey s
42,119 SNPs 31ndR137119U 3,397 69 %amsmuqmammw SNPs uaginognetmsniunsingllusunsa
PREGSF90 (Misztal et al., 2022) s1gazideunsa Table 1

nsaTeideya

1. NMIIUIEAINISHANN LU (GEBV)

ArdUsEAvEnIs0nnouduYes GEBY (Random regression coefficient of GEBV) vaadmilsiags
dnsudnuarUianhuaflddu BufunnmsiensimesduszneuauuUsunuwag il s
a1 teldlunsUssidiudnsnauiugdlug neld3nsuuudureudnnnatunnaeunisanaes
WUUdY (SS-RR-TDM) wazdiasieniazdnuazaiglusunsy AREMLF90 210 BLUPF90 software family
(Misztal et al., 2022) WuignfufunsAneIves Buaban et al. (2022) §9 SS-RR-TDM @1snsaidouls

(%
P

aglugUrasuminglagial:
y = X;b; +X;b, + Vh +Za + Wp + e, [1]

Tned y WunnmedvestuiinUsunaniualutunegey; by Wunnmesvesdvsnanlussuuda
Uszneumetiadensfivesmbenaniiios-U-ggnisnaen; by Junnnesvesddudszaninisannssnsd
994 Legendre polynomials (LPs) fideusglunguiiug-naueigiinasn; h iiunnnesvesdnsnads
iesann fs-U-iFeunaaeu Tas h~N(0,1,02); a uaz p Wunnmesvesduszavsnsannosuuudy
994 LPs A doufunitgludninwaid esanugnisy wagdninaidesandawindeunins las
a~N(0,H®G) uaz p~N(0, I,®Py) s1ud19y; ag e Junnnesveadninavesnnunained ou
Tne e~N(0, 1,02) wwi3nd Xy, X,, V, Z waz W 18U Incidence matrices fidanadasfiudvsnading
1171904; H m’fluLmﬁﬂsz?mmé'mﬁuﬁ‘maﬂ’uqﬂiiuﬁéﬁ’mLL‘anmﬂmiaia:uﬁumamamé’mﬁuﬁ‘iwdwﬁm’i
Tunwug Usgd® (Numerator relationship matrix, A) AUA31UE W WS N193 LUy (Genomic-based
relationship matrices, G); I, 10u Identity matrix; Go way P 1UWun3ng 4 x 4 mnuuususIus e
é’uﬂszﬁmémsmaaazfmzi’ﬁw%’ué‘m%waLﬁ'aqmﬂﬂ’uqnﬁm wazdnsnaidesananinuindonnins
PINAINY; OF LfJummLLUﬁﬂi'suﬁ'gmaqQq—ﬂ—lﬁaumaau; o2 L uAI1ukUsUsIuT18999A2Y

AAALAREU way ® DU a Kronecker product function
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a1nuves LPs uduAuusiusinvestdedoni wazdadugu Anaainiuldug (DIM) aud
Aualag Gengler et al. (1999) n13AneAsH 1Y LPs @1 U 3 (Constant, Linear, Quadratic Lag
Cubic) wazld LPs dduifeniudmsudvznanisanassuwuuasiitaziuugy nquiugawundu 3 ngu

ausziuaeidenisadlad Wiiou (HF) Ussnoudie HF < 87.50 %, 87.50 < HF < 93.75 uay HF >
93.75% nguengfinaengniuunidu 7 ngu Tnsudaznguvinaiunng 3 Weu nguusniengiiosndn 25
Aoy wazngugavnedionguinndl 39 wew ganiadiuundu 3 ngu fie g9ru1I (NgAINIEU-NUATINUS)
ga3eu EwAu-liguie) wazgru (NSNYIAL-Aa1AY)

[

ANNEWYeY H F9sndudmsuaunissnuuunalanusadeulanad:
0 0 ]

-1 _ A-1
HT=A" 10 (a6 +BAy) — wA;l

(2]

Toedl A Aownindanudusiussenindniluiuduseiadmiudninnda; Ay, Wumeind
mmé’{mﬁuﬁ‘ssmwé’mﬂuﬁuﬁjﬂizi’aé’m%’ué’miﬁﬁﬁiu%ﬂ af wiag T Hudadumaimiin a uag B
Juailhfendnidestiym Singularity IneiAindu 0.95 uag 0.05 muddu (VanRaden, 2008)
W3NG G Qﬂﬁ%ﬂﬂ%@ﬁﬁ%ﬂﬁmm VanRaden (2008) #ail:

_ Ipz
230 pi(-p)’

(3]

Tnedl Z Aowun3nduos SNPs AisuAmuaIudsada tny AA, Aa uay aa fid1 -1, 0, uay 1
Aua1ay; D ﬁaLm%ﬂezmmwmemaqmmquﬁﬂﬁm%’ummLLUsUiaumaﬂ SNPs (Suusn D = I): m
Aosuauaiemiiny SNPs uaz p; Aenudsadaves SNPs 7 i

nAweTYBIA M IHANTUEIluNvesdiudazda i (GEBV) lfidunnssia GEBV 11e¥uan DIM
Fommmuszezmsliulduulasnisaainnesvesidissaninisonnosuuudumsiugnssuiluy
21n1N1591UN8 (Predicted genomic random regression coefficients) A11LUATNUDIAILUTI N LPs
audiesunelng Jamrozik et al. (1997) [4] et

GEBV; = T§; [4]

Taodi &  Dunnweivesdulssdvinisannesuuudumeiugnasuiluniviuneld
Ansudniunagen i
T FuwssnvesmuuUsusiuiudassiiiot osiuileddu LPs mugasssasmsliu
i GEBV dmdunsazszornsliunvesdniudarsa i 3518019100550 GEBV usiaziu 104
DIM fiflanauiannz anu (5], [6] way [7] fe:

GEBV1; = GEBV1;s + GEBV1;4+-- + GEBV1,o5
GEBV2; = GEBV2;94 + GEBV2;9;+ - + GEBV2j;<
GEBV3; = GEBV3,,,4 + GEBV3,,;,+ --- + GEBV3i345

— = —
~N O U,
[ Rt



23

Tne?i GEBV1, GEBV2; was GEBV3, 1Ju GEBV dwisugnswasnmshiuuszesd 1 aeansliuy
(Svezdu: 5-95 DIM) Feudnsiaraenisiinananiiiaty ssesdl 2 (sv8¥na11:96-215 DIM) Fauanads
svozaIuweInslinandntiul way sved 3 (Szezvine: 216-305 DIM) awansiagaenisinnsuan
ihusanasaufeduganslsiun gy

2. msAnwAnuduRLSTavesTul (GWAS)

nsnwauduiusTvedlufiossyBufiruaudnuasUiinahualuasadagdidumsioe
fosananszesmsliinug 3 szes Ao 1) szesduvesnisifuy (5-95 DIM) 2) szeznanswesnisliuy
(96-215 DIM) way 3) szezvinevasnisldun (216-305 DIM) Taeld3snsuuudunewieniiinisaas
Yt (weighted ssGWAS: WssGWAS) Iagdnsnauas SNPs (SNP effect, u) Tuudayszeynisliuuty
AUIANIRINATTUIUNISIUT (ﬁ’]a%m&ﬁ,ﬂaazLSEJmsumst’j”'umauﬂWiausz}gwmmimﬂlﬁmu%umaumﬂ
‘Scenario 1’ Tu Wang et al. (2012)) felunaidaduuiordufuililunsussiduaiugnssudlus
Tneldoanduagd PostGSFO0 (Aguilar et al., 2014) Tnansufaunisiudsus GEBY (ag) luusiazszaznis
Tulududvdnaves SNPs Tasfinnsanldanuuususiumsilua (o2) srufunuiiesuneliluges (8]
ey [9]:

[eHo7 7 et 8
dnsnavesusay SNPs launanAsAELNTS:
u= DZ'G 'a, (9]

AINUDNTNAVDILAAE SNPs Tukfazsyeen1siiul Av

u1 = DZ’G_lagl [10]
u, = DZ'G ay, [11]
U3 == DZ’G_lag3 [12]

T uy , uy , ug Hunnwesdninaves SNPs Tuszazdu szavnans uazszezTevesnsliuy
AINEIAY; Ay , Agp , Agg Wunnasved GEBY Tuszasdy 5282819 Wagssasn1gvInIsiiul
augy wazdernueay q lemuelSieunthiug,

Lﬁaamﬂmimiaﬁ]mﬁwwﬂ&ﬁa%uuﬁugmmm SNPs 1 9 e1admalimAnnissuniunsenis
Usziduaaniuly ms18a18951dausEnInes1uan SNPs LLazﬁwuaué’miﬁﬁﬁIulwﬂqa (Wang et al.,
2014) waz SNPs fioglushunsiiniuenatian Linkage disequilibrium (LD) gesio QTL 1ieafuluune
SNPs ﬁﬁmwwmwuqq (High-density SNP panel) §sazdsnasiilidninaves QTL 9nszansluimn
SNPs Wanualusunsiisien LD g4 (Fan et al,, 2011) éhsJm@ﬁu%nmﬁiumﬁlﬂé’%’auﬁuﬁ’usuum 1-Mb
(Non-overlapping window) Fagntglunisauindndiuvesanundsusiunisiugnssuluwdazsiums
Afimnuniae 1 Mo uagldiiteszyuinailuy iesanndanumunzauniinisld SNPs 1deq 9 Tu
msfnwiisldnisudiaded 2 FeduwmisdiBuuudlueisiswau SNes degfntuogiseiiios 20
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SNPs insagliamamsalunsviuneuniige fateafdesfign wazfiauaiosveanisuszain
FviEnaves SNPs anniign

{arr01ANUUTUTIUN W UTNTINA 05 UelagsuvisuudlunfiUsznaude SNPs
siiflosiuil i mu [20] fieSunelne Wang et al. (2014) furadldsai:

var(a) varxi z
—etad [13]

0'% Oa

Taofl a; Aormaiugnssuvesiumisuudlusd i Asznoulse SNPs flegindustnasieiiles
20 SNPs, o2 aam”lllLLUiUﬁ’JuWNﬁu’Qﬂi'iﬂJﬁﬂﬁﬂm, z; AOLINLABTYBY SNPs FusupmuaLdSadat |
dmSudniioun uay @i; ApdnSwaved SNPs 71 j meludumisundluad i (Zhang et al,, 2010)
3. AM55EYUTIAALUN wasNITTEYMNEU
(Genomic region identification and Gene annotation)
deftarseyuinailusiitauddgieadestudnvarimaniug andenuinamiiediuy
filalWudouiu (Nonoverlapping genomic) AifiT 1w 20 SNPs & sanu15095 Ur8AULUTUTIUNIA
ﬂ’uqﬂisuﬂgwmlﬁazmﬁaawhﬁu 0.5 % MULNAINTISANEIUBY Fragomeni et al. (2014), Oliveira et
al. (2017), Silva et al. (2017), Lee et al. (2019) waz Zhou et al. (2019) Fafiasaudr3nduinaeia
mmzﬁ’m%’ui’mqﬂwaaﬁmaqmiﬁﬂwm%’jﬂﬁ wazlan guluunsIvl Manhattan plot U89ALUTUTIU
maﬂ’uqﬂsimaaLﬂ%wmsJﬁa%msJImEJU'%nm%ImemﬁImW gnuplot 5.2 (Williams and Kelley,
2019) ssamkarsryBuilegaeluusazuinadluiildidonuds (szigaisudu uazqedugavosdita
FTun) Tagldias 0asfea1n map viewer ¥0951uTo5a UMD 3.1 (https: / / oct2018.archive.
ensembl.org/ Bos taurus/ Info/ Index Lduukufi 81989 drufuudlszyldvanunaznsiaaoudu
F1utayas1ee) (NCBI-https: //www.ncbi.nlm.nih.gov)
4. Ansieietie uaznalnneiadnevasduiifisndnadednun
(Gene network and pathway analysis)
5199 09098 Ut 53y 1A 9zth1u 191 eviinnsTiaszvind 19 Ineld (1) g1ude Genecards

(https://www.genecards.org/, Safran et al, 2010) (2) 19 TUswnsu R package Enrichr (Kuleshov et al,,

2016) TauriuguUeya Reactome (https:/reactome.org/, Fabregat et al,, 2018) uax (3) IATIENATOUY

vosBulagligutoya GeneMania (Warde-Farley et al,, 2010) saWaTITUNBOTUIBEUANY

NAN1SNAABILAZIANTA
ﬂ']LQﬁ?J ﬁ'J‘L!LUENL‘U‘Ll&I'WIS%"I‘L! LLﬁ“‘ﬂ"IEJGIi']W‘LJﬁﬂiﬁJ
ﬂWLQaEJ ﬁ’JULUENL‘UUlI'Wliﬁ'WU mamﬁwuﬁmiuaﬂwmuﬂimmmumaaEmenu LaZAIDAIN

ﬂ’uqmamaasflmmamwssuaqmﬂwum seueU (5-95 DIM) 5282naNe (96-215 DIM) Uagszenigy
(216-305 DIM) v8n15tviua) NNTIATIVIAzaNYEAIe SS-RR-TDM dmsudnuazUSunanuly
seUNIsuLLINTeIUsEyInslAuuiunsoUnealaadlal awandly a13199 2 wiil 12 Aladeves

Ysunahunluiuneaeu da1vindu 13.73 + 4.57 nn. wazlingnsnnugnIssuanyusUsuaiuueie


https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib55
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib153
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib153
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib178
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib102
https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib232
https://www.genecards.org/
https://reactome.org/
https://reactome.org/
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F18IUVINNY 0.36 uamawmﬁﬁwé’mwﬁuqmauLa?ﬂl&fLuLLm'azizasﬂuam'1ﬂﬁuuﬁm%“uﬁm%’ué’ﬂwmgﬂ%mm
s feneglusedutiunandutgi 0.41-0.44 gazanunsadanafiuiiAdnsiugnisuvesdnume
Uil 305 Fu (5-305d) SeganinAndnaiusnssudnuas inaniuuedee fulaedanvindy
0.46

Table 2. Mean, standard deviation (SD), and average heritability estimates of milk production traits of Tropical

Holstein population in the data set used for genetic evaluation.

2
Parameter

1 : 2 2 2 2 2
Traits Unit  Mean SD hg  h5_ospiv  hSe—215p1m D216-305D1M N5-305DIM

TD-MY kg 13.73 4.57 0.36 0.41 0.46 0.44 0.46
! TD-MY=Test-day milk yield.
2 h3 = Daily heritability; hZ_qs pyy = Early lactation heritability; hds_515 ppv = Mid lactation heritability; h31¢_305 pim = Late
lactation heritability; h&_345 piym = 5-305-DIM heritability.

a = a dd v
N1352UUSIARTUY wazn1sszyBunneatas
= v U s o o S o a = Y a =
nsAnwANNFuRus N R lunluasellvilianunsaseyuinaidlug wagldusniluussym
AumsreIBunindsiuanwalzUsuMUuLTI SeuzAY (5-95 DIM) Seuznat (96-215 DIM) Lazssuy
118 (216-305 DIM) 9830151 L InetilaWan5a131nns I Manhattan plot 983508agANLUTUTIUNG
WUINTINVDUATBMLY SNPs nuTluszeily WagTveenaveenIsiug a1snsnedutenuwlsusiu
MaugNIsulaunge 0.77 % wag 0.72 % mudiu waziiAnainitssesynevasnshiug (0.70 %) aesls
Amuudadlusdlugfiatdesnin 0.5% (el 1 wid 13) wezsundanarinszaeglumiedlun &
Uaidndnwazaenandudnvasiauguiisdunaledu (Polygenic) wazdlidrudAgivinliniinnis
WUsUTIUMaRUgNssy vonantidamuinusadlusdmsudnuasUsinauunlussegynevesmsiiug &
ANFRAILYRIRNUMUTUTIUMNITUENTINAININ S BRI
a = a 1Y) Y N ! = a oA
UInadluanianuulsusiumaiiugnssuas (Sevag 0.5 n3auinndi) suudlasiulauuazduin
Netotlussezduransliuy wuinduuinadluaiieguulasiuley BTA 3, BTAG uaz BTA6 Januindl
ns589ulIUTEN 10 8u wazdl 1 Sundslinuniseanuunuimutnafdaiau (Bunfusuaie LOC)
lusgggnarsveansiiuy nulusnadluunseguulasiuleoy BTAL BTA3 uag BTA23 (115197 3 w9
14) Fawuandl 20 duilteedlsieauliudd way 12 gundslidnismuuaunuinntinindaau Eunvuau
me LOC) luvagnszeeingvesnislviug nuiusndluunseguunseguulasiuley BTAL, BTA8, BTA9

way BTA24 Tagdl 15 SUNNUNITINENUUNUINATN hag 18 Sundalufivuaunumusnnngeay (Sun

%4 ¥

Jusiusae LOC) agdlsinunisszyduiuiiouiulusseznisliuusineiu wu Tuszezduresnisliuud

a

guneguulaslulauedfiuiuinulusseznarsvesnsiiunmedu ABCD3, ARHGAP29 uay ABCA4 uag
luszeznanivesnshiundguneguulasiulouneifuiunnulussegyinevesnisiaundedu S/ uas
LOC104970979 FaandliAuINgg 2 syervadn1shiuuivanaaiuilanuduiusiutasdumandulayii

v 6

PNNLLaUNY @anAasInUNISAN®IvaY Oliveira et al. (2018) LAHAYBINITILATIENAIANUAUNUS
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SEPMINTLULAU-TLULNANVDINITINUL TEHENAN-TLULINYVDINTIIUL WALITLULAU-TLULINNYUDINT WA
13 FelaAviniu 0.88, 0.85 waz 0.57 anuaeu (lulawanana)

arr B 07

riance edplainedx}

Ganetic wa

Genetic variance esplalned(X)

Chronosone Chronosome
A) Early lactation stage B) Mid lactation stage
% LA £
3
F oo
-E 0. ) 5
! a o
g R

Chronosome

O) Late lactation stage

Figure 1 Manhattan plots of the additive genetic variance explained by windows of 20 adjacent SNPs for milk
yield in A) early (5-95 DIM), B) mid (96-215 DIM) and Q) late (216-305 DIM) lactation stage in Tropical Holstein.

The dots above the red line indicates the regions explaining more than 0.5% of the additive genetic variance.
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Table 3. Summary of the windows that explained the most of genetic variance for milk yield in early (5-95 DIM),
mid (96-215 DIM) and late (216-305) lactation stage in Tropical Holstein, with a list of annotated genes in the
proximity of each window.

No Windows Var'  Chr’ Start Stop Genes’
(nonoverlapping) (%) (position)  (position)

Early lactation stage (5-95 DIM)

1 5676-5695 0.77 3 48627062 49639691  ALG14, TRNAY-GUA, CNN3, SLC44A3, F3,
ABCD3, ARHGAPZ29, ABCA4

2 8688-8707 0.50 4 99542142 100809275 CNOT4

3 11799-11818 0.50 6 54063716 55048602  LOC100848287, TRNAC-GCA

Mid lactation stage (96-215 DIM)

1 5687-5706 0.72 3 49200769 50673505  ABCD3, ARHGAPZ29, ABCA4, LOC783590,
GCLM, DNTTIPZ, TRNAR-UCU, MIR760,
BCAR3, LOC101905185, FNBP1L, DRI,
LOC101905706, CCDC18, LOC107132311,
TMEDS, MTF2, FAM69A

2 1727-1746 0.56 1 103105517 104152463  SI, LOC104970979, LOC781603

3 36281-36300 0.52 23 13793884 14623137  DAAMZ, LOC107131718, MOCS1,
LOC100848955, LOC104969558,
LOC104969567, LOC107131723,
LOC100847495, LRFNZ, TRNAI-UAU

Late lactation stage (216-305 DIM)

1 16206-16225 0.70 8 86056611 87006712  WNKZ, FAM120A, PHFZ, LOC100139841,
LOC101907579, BARX1, PTPDC],
LOC104969435, MIRLET7A-1, MIRLET7F-1,
MIRLET7D, ZNF169, LOC101908010,

LOC101907893
2 1727-1746 0.52 1 103105517 104152463  SI, LOC104970979, LOC781603
3 37630-37649 0.51 24 38983896 40114436  LOC781066, LOC104975763,

C24H18orf42, ZBTB14, LOC107131781,
EPB41L3, LOC107131782, TMEMZ200C,
LOC100847357, LOC107131783,
LOC101904513, LOC107131780

4 18283-18302 0.50 9 100656795 101667889 LOC101908046, LOC101908095, TRNAC-
GCA, LOC100848504

'Var = Variance explain;
2 Chr = Chromosome;

®Genes = Candidate genes in the window regions explaining more than 0.3% of the additive genetic variance.
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nsAaniiaTetie uaznalamadainewesduiiisnswadednuas
Mnduinulagnsseyuinadlug warnsssydu wuduiiAedesiinednenuynszezsu
favan 45 Bu uandlefnnesivinillagldgiudoya Reactome wuinaAsuwawnsdnwlussey
nsTiunsngg Afiveddey (P-value<0.05) Fauanwmnu a1s19f 4 wiidi 16 ddufiddayldun ABCAS,
ABCD3, ARHGAP29, SLCA44A3, FNBPI1L, MOCS1, GCLM, LRFN2, TMED5, PHF2 way F3 lagd1u1so

1%
Y A

asunenTNvesduluLsazsyazm sl lanad

32ULAUYDINITIAUL (5-95 DIM)

Tuszezdureanisliuunududdgifeadestunisouds nsalasiu wagnseuInunIswuUeaTy
vosloulaun ABCA4 (ATP binding cassette subfamily A member 4) Wwag ABCD3 (ATP Binding
Cassette Subfamily D Member 3) Susassiiunumilunssnudsunalasiuludusldosadiussansam
ABCA4 \Ju Lipid transporterImaﬁdauiumimuqmmwudﬂ Phospholipids e Sterols (Coleman et
al,, 2013) @3 ABCD3 \Ju Peroxisomal transporter Fevimiivudnsalutuanes (Very-long-chain
fatty acids, VLCFAs) wag@15Usgnau Lipid oY 9 LGUy’lgj Peroxisomes (Ranea-Robles et al., 2021)
ARHGAP29 wavaninsonenswalddulusiiu Rho GTPase activating protein (GAP) dulluasAuszneauves
Rho family Aiffunumdrdnlunismunslaseiaeadeia Actin luwedidus Tsfudifeadestuns
WSnuazfiusuneaddinuu (Zuo et al, 2016) Fadunseuiunsddalutiadureanisliug £3 vie
Tissue Factor (TF) wuluinuuuas Monocytes mihitlunszuaunsudasnveaden (Hemostasis) uas
N139nLE@U (Theodorou et al., 2010; Witkowski et al., 2016; Musgrave et al., 2023) wmwum%ﬁma
At aatunnzd s niauidnnuannlugasiuresnisliug SLC44A3 (Solute Carrier Family 44
Mernber 3)n1sauaslusiufiiunumddalunisandedadu (Choline) (Hedtke and Bakovic, 2019) &4
Huansdndudmdunaenszuiumamstanm wu nsdanngvivealidlouagnsaadoyead wifi
Telgsuammsfituinaleadusm uwiansoduaseildanauiuneiinlunssmegan dealiiuas
mﬁmﬁmsﬁuﬂﬂLi‘]mmmmmiﬁ’]ﬁmﬁﬁiﬂﬁuqq Taeuala 100 1a (2% lasu) Tladuuszana 40 un. Fafn
Jwiou 10% %aaﬂ%mmﬁlLLuzﬂwiaﬁfué’m%'UQw@ﬁﬂLﬂ%iyﬁuﬁ: (Artegoitia et al., 2014)

FLELNANNVAINITLIAUN (96-215 DIM)

wugulunguieaturasiunisliunldun ABCA4 uag ABCD3 Faduduiflunuivlunisvuds
lusfuny way ARHGAP29 #iflunuimsenisiasyvesadifug uenaind daududug iaduldun
FNBP1L, GCLM, TMED5, MOCS1 way LRFN2 1Usiu FNBPIL (Formin Binding Protein 1 Like) fiunuiv
Tunsnszdunisifanedwelsiwturendulouendu denasonisadisuasdouusuiwadid oy
(Alberts et al., 2002; Wu et al., 2017) Iummzﬁﬁu GCLM (Glutamate-Cysteine Ligase Modifier
Subunit) uthfinsedumsadansiueyyadassludadowiiuy (Elolimy et al, 2021) Bu TMEDS

(Transmembrane P24 Trafficking Protein 5) uagn1snansialusiuiinulduuntaves Milk fat globule
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Tuhunimdesasinug FalunuwlvidnmsvdsenstelunsuSuusuazauddusavdug i oldny
Wvune (Yang et al,, 2016) 81 MOCSI (Molybdenum Cofactor Synthesis 1) g unszi
Tuauftulaunnimes (Molybdenum cofactor) Fadusssufazeolvuntoulesisngg nelusisnne
yonaniluauRT (Molybdenum) tosdauduansiinunusssusalutiusle (Archibald, 1951; Reiss
and Hahnewald, 2011) 81 Lrfn2 (Leucine Rich Repeat And Fibronectin Type Il Domain Containing
2) Wulusaudidudiuusenevresniasadiunumlunsdauaesiidndonuns (Castellanos et al,
2007) LLazLﬁm%’aqﬁ’ums%’ué’zgfmmaﬁ?iaﬂszmw (Synaptic transmission) %ﬂLﬁlﬂ’Jﬁaﬂﬁumﬁﬂ%ﬁuﬂ’li
a%wuazmwé"ﬂﬁmu (Morimura et al., 2006)

52829N9UDINIS UL (216-305 DIM)

SzezTevesn sy wulu PHF2 (PHD Finger Protein 2) @wiminiilunmstiestuanudenis
209 DNA runalnnsidsunladiaseadialasunfu (Pappa et al, 2019) Fvarainainnistlosiunis
annosvaawadiiuuiounsuunlula Tnglafidsmefiusinaniuusnenaiinisidemeuss DNA uay

nsAnevaaatgnINtAN UL e luTNeva958UNT UL

Table 4 Numbers of pathways and genes identified by Reactome database (P value < 0.05)

Traits DIM Identifier Reactome Pathway P value Genes
Early 5-95 R-HSA-382556  ABC-family Proteins Mediated 0.0014  ABCD3 ABCA4
Lactation stage Transport
R-HSA-140834  Extrinsic Pathway of Fibrin 0.0027  F3
Clot Formation
R-HSA-8980692 RHOA GTPase Cycle 0.0028  ABCD3
ARHGAPZ29
R-HSA-382551  Transport Of Small Molecules 0.0058  ABCA4 SLC44A3
ABCD3
R-HSA-2474795  Diseases Associated With 0.0071  ABCA4
Visual Transduction
R-HSA-1369062  ABC Transporters In Lipid 0.0099  ABCD3
Homeostasis
Mid 96-205  R-HSA-947581 Molybdenum Cofactor 0.0093  MOCS1
lactation stage Biosynthesis
R-HSA-382556  ABC-family Proteins Mediated 0.0109  ABCD3 ABCA4
Transport
R-HSA-174403  Glutathione Synthesis And 0.0184  GCLM

Recycling
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Traits DIM Identifier Reactome Pathway P value Genes
R-HSA-2474795 Diseases Associated With 0.0200  ABCA4
Visual Transduction
R-HSA-8980692 RHOA GTPase Cycle 0.0217  ABCD3
ARHGAP29
R-HSA-9013148 (CDC42 GTPase Cycle 0.0223  ARHGAP29
FNBPIL
R-HSA-1369062  ABC Transporters In Lipid 0.0275  ABCD3
Homeostasis
R-HSA-9012999 RHO GTPase Cycle 0.0303  ABCD3
ARHGAPZ29
FNBP1L
R-HSA-9603798  Class | Peroxisomal Membrane  0.0306  ABCD3
Protein Import
R-HSA-8849932  Synaptic Adhesion-Like 0.0321  LRFNZ2
Molecules
R-HSA-2453902  Canonical Retinoid Cycle In 0.0351  ABCA4
Rods (Twilight Vision)
R-HSA-3238698 WNT Ligand Biogenesis And 0.0396  TMED5
Trafficking
Late 206-305 R-HSA-3214842 HDMs Demethylate Histones 0.0421  PHFZ

lactation stage

A a ¢ A 1 a A a A o a S .
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UR&uwus e Co-expression 94.15% vUsuandedunauiiiniswanseantuluiiemiamediuas feaie
p q Y
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Figure 2 Gene network analysis of milk production for all lactation stage using GeneMania
(Warde-Farley et al., 2010). Network includes candidate genes and related genes (51

genes, circles) with 259 interactions (edges).


https://www.sciencedirect.com/science/article/pii/S0022030221009735#bib205

32

agUNan1INAaDY

auduiusiasTudlaelduiinSunadeudmudnvar Usinanhulusyesnslduasiegly
Uszrnslauutugnselasaloaala lassuudmuuinudluaiiddgiondesiussesiu svoznans
wagsvegvingvasnslihusianan 3 3 way 4 USam udRy uasnuBuRdosfirefissnusiunn
sveviionun 45 Su Tnenviuilmiloutuluszozdu-ssevnans uay svevnans-sveviing Wilednsnze
MﬁﬂﬁwumsLﬂﬁsmuﬂawm%amwmm@ulmzasmﬂﬁumﬁﬁﬂ’aﬁﬁm (P-value < 0.05) laun 8u ABCA4,
ABCD3, ARHGAP29, SLC44A3, FNBP1L, MOCS1, GCLM, LRFN2, TMEDS5, PHF2 wag F3 %aﬁummﬂf
Aerdeetuitfiady T msesgyuaziinsunugadisuy minizéjumia%fwLLazmiﬁé"aﬁmu n13
gudsansralounasiusiu warmsonoosvenvadiinuy

(RIGITRINTE

padwsldanmsfnundliiundngruresnduresBuiinioutu vieunndstuiied Jomas
nsuanseanvesdnuazsUTaihusluszegnsliuuiiunnaety SuiiseyldainnsAnuadadlyl
Fesusiaztiefududmiunsdunuiifinteundnd usdsdnamuBualmifiieadestusnuasyium
1 FeasihluganudifefudeyatiugiumilassaiaiugnssurosssrnsvesdnumeUTuaniu
wazanssaltiududvmelunisdnuinisuansesnvesdu eeslsAmuilensisaeuanugniewes
msfunuluafaidnduagdeainAforfininfofisiuudnd doyafllulnd uasdeyailulndifudy
viseeaRnwsiumsSndsusTuava (Whole genome sequencing)

AnRNIsUUIZAA

msfnwadsiifudumilsvedasinis “msiaugaeionsnefiduedniudadondnumuenng
TS uusasaugunulsmduusnaululauunsed realaaalny (Development of
candidate gene markers for selection of milk yield and mastitis resistance potentials in Tropical
Holstein dairy cattle)” fisniunisiasdinmaluladdinmdnd nsuuadnd $aufv quiasnsal
uAnends dslesunsatuayusulszinuanddnauiamnmidenisinuns auzgidedveveuna
FdhilvesdinmaluladFnmdnfdmsunmsnusudoyanisinanan il tunegou foyariug
Usedi uasdeyadlulnd



33

LNE15D19D9

Acuilar, I, I. Misztal, S. Tsuruta, A. Legarra and H. Wang. 2014. PREGSF90-POSTGSF90:
Computational tools for the implementation of single-step genomic selection and
genome-wide association with ungenotyped individuals in BLUPF90 programs. Pages 1-3 in
Proc. 10th World Congr. Genet. Appl. Livest. Prod., Vancouver, BC, Canada. American
Society of Animal Science, Champaign, IL.

Alberts, B., A. Johnson, J. Lewis, M. Raff, K. Roberts and P. Walter. 2002. Molecular Biology of the
Cell. 4th edition. Garland Science.

Archibald, J. G. 1951. Molybdenum in Cows’ Milk1. J. Dairy Sci. 34(10): 1026-1029.

Artegoitia, V. M., J. L. Middleton, F. M. Harte, S. R. Campagna and M. J. de Veth. 2014. Choline
and choline metabolite patterns and associations in blood and milk during lactation in
dairy cows. PLoS One. 9(8): €103412.

Brito, L. F., F. G. Silva, H. R. Oliveira, N. Souza, G. Caetano, E. V. Costa, G. R. O. Menezes, A. L. P.
Melo, M. T. Rodrigues and R. A. Torres. 2017. Modelling lactation curves of dairy goats by

fitting random regression models using Legendre polynomials or B-splines. Can. J. Anim.
Sci. CJAS-2017-0019.

Buaban, S., K. Lengnudum, W. Boonkum and P. Phakdeedindan. 2022. Genome-wide association
study on milk production and somatic cell score for Thai dairy cattle using weighted

single-step approach with random regression test-day model. J. Dairy Sci. 105: 468-494.

Castellanos, A, G. Lang, J. Frampton and K. Weston. 2007. Regulation of erythropoiesis by the

neuronal transmembrane protein Lrfn2. Exp. Hematol. 35(5): 724-734.

Coleman, J. A,, F. Quazi and R. S. Molday. 2013. Mammalian P4-ATPases and ABC transporters
and their role in phospholipid transport. Biochimica et Biophysica Acta (BBA) - Mol. Cell.
Biol. Lipids. 1831(3): 555-574.

Elolimy, A. A, Y. Liang, M. G. Lopes and J. J. Loor. 2021. Antioxidant networks and the

microbiome as components of efficiency in dairy cattle. Livest. Sci. 251:104656..

Fabregat, A., S. Jupe, L. Matthews, K. Sidiropoulos, M. Gillespie, P. Garapati, R. Haw, B. Jassal, F.
Korninger and B. May. 2018. The reactome pathway knowledgebase. Nucleic Acids Res.
46(D1): D649-D655.



34

Fan, B., S.K. Onteru, Z.Q. Du, D.J. Garrick, KJ. Stalder and M.F. Rothschild. 2011. Genome-wide
association study identifies loci for body composition and structural soundness traits in
pigs. PloS one. 6(2):e14726.

Fragomeni, B. O., I. Misztal, D. L. Lourenco, I. Aguilar, R. Okimoto and W. M. Muir. 2014. Changes
in variance explained by top SNP windows generations for three traits in broiler chicken.
Front. Genet. 5:332.

Gengler, N., A. Tijani, G. R. Wiggans and I. Misztal. 1999. Estimation of (co)variance function
coefficients for test day yield with an expectation maximization restricted maximum
likelihood algorithm. J. Dairy Sci. 82: 1849-1871.

Hayes, B. J. and M. Goddard. 2010. Genome-wide association and genomic selection in animal
breeding. Genome. 53(11): 876-83.

Hedtke, V. and M. Bakovic. 2019. Choline transport for phospholipid synthesis: An emerging role
of choline transporter-like protein 1. Exp. Biol. Med. 244(8): 655-662.

Hirschhorn J. N. and M. J. Daly. 2005. Genome-wide association studies for common diseases
and complex traits. Nat. Rev. Genet. 6: 95-108.

Jamrozik, J., L. R. Schaeffer and J. C. M. Dekkers. 1997. Genetic evaluation of dairy cattle using
test day yields and random regression model. J. Dairy Sci. 80: 1217-1226.

Johansson A. M., M. E. Pettersson, P. B. Siege and O. Carlborg. 2010. Genome-wide effects of
long-term divergent selection. PLoS Genet. 6: e1001188.

Kuleshov, M.V., M.R. Jones, A.D. Rouillard, N.F. Fernandez, Q. Duan, Z. Wang, S. Koplev, K.M.
Jagodnik, A. Lachmann, M.G. McDermott, C.D. Monteiro, G.W. Gundersen and A. Ma ayan.
2016. “Enrichr: a comprehensive gene set enrichment analysis web server 2016 update.”
Nucleic Acids Res 44 (Web Server issue): W90-97.

Lee, S., C. Dang, Y. Choy, C. Do, K. Cho, J. Kim, Y. Kim and J. Lee. 2019. Comparison of genome-
wide association and genomic prediction methods for milk production traits in Korean
Holstein cattle. Asian-Australas. J. Anim. Sci. 32: 913-921.

Meuwissen, T. H. E., B. J. Hayes and M. E. Goddard. 2001. Prediction of total genetic value using

genome-wide dense marker maps. Genetics. 157: 1819-1829.

Misztal, I., S. Tsuruta, D. A. L. Lourenco, Y. Masuda, I. Aguilar, A. Legarra and Z. Vitezica. 2022.
Manual for BLUPF90 family of programs. Vol. 2018 Animal and Dairy Science Department,
Georgia; [cited 1 February 2025].



35

Morimura, N., T. Inoue, K-i. Katayama and J. Aruga. 2006. Comparative analysis of structure,
expression and PSD95-binding capacity of Lrfn, a novel family of neuronal transmembrane
proteins. Gene. 380(2): 72-83.

Musgrave, K. M., J. Scott, W. Sendama, A. |. Gardner, F. Dewar, C. J. Lake, H. M. H. Spronk, R. van
Oerle, M. Visser, H. ten Cate, P. Kesteven, A. Fuller, D. McDonald, C. Knill, G. Hulme, A.
Filby, S. E. Wright, A. I. Roy, M.-H. Ruchaud-Sparagano, A. J. Simpson and A. J. Rostron.
2023. Tissue factor expression in monocyte subsets during human immunothrombosis,

endotoxemia and sepsis. Thromb Res. 228: 10-20.

Oliveira, H. R., F. F. Silva, M. V. G. B. Silva, O. H. G. B. D. Siqueira, M. A. Machado, J. C. C. Panetto,
L. S. Gloria and L. F. Brito. 2017. Bayesian models combining Legendre and B-spline

polynomials for genetic analysis of multiple lactations in Gyr cattle. Livest. Sci. 201: 78-84.

Oliveira H. R., F. F. Silva, L. F. Brito, J. Jamrozik, D. A. L. Lourenco and F. S. Schenkel. 2018.
Genome-wide association study for milk, fat and protein yields in different lactation stages
in Canadian Holstein and Jersey cattle. No. 11.601. in Proc. 11th World Congr. Genet. Appl.
Livest. Prod., Auckland, New Zealand.

Pappa, S., N. Padilla, S. lacobucci, M. Vicioso, E. Alvarez de la Campa, C. Navarro, E. Marcos, X.
de la Cruz and M. A. Martinez-Balbas. 2019. PHF2 histone demethylase prevents DNA
damage and genome instability by controlling cell cycle progression of neural progenitors.
Proc Natl Acad Sci U S A. 116(39): 19464-19473.

Ranea-Robles, P., H. Chen, B. Stauffer, C. Yu, D. Bhattacharya, S. L. Friedman, M. Puchowicz and
S. M. Houten. 2021. The peroxisomal transporter ABCD3 plays a major role in hepatic
dicarboxylic fatty acid metabolism and lipid homeostasis. J Inherit Metab Dis. 44(6): 1419-
1433,

Reiss, J. and R. Hahnewald. 2011. Molybdenum cofactor deficiency: mutations in GPHN, MOCS1,
and MOCS2. Hum Mutat. 32(1):10-18.

Rupp, R. and D. Boichard. 2003. Genetics of resistance to mastitis in dairy cattle. Vet Res. 34:671-
688.

Safran, M., I. Dalah, J. Alexander, N. Rosen, T. Iny Stein, M. Shmoish, N. Nativ, I. Bahir, T. Doniger
and H. Krug. 2010. GeneCards Version 3: the human gene integrator. Database. 2010:
baq020.



36

Seegers, H., C. Fourichon, and F. Beaudeau. 2003. Production effects related to mastitis and

mastitis economics in dairy cattle herds. Vet. Res. 34:475-491.

Silva, M.\V.B., D.J.A. Dos Santos, S.A. Boison, A T.H. Utsunomiya, A.S. Carmo, T. S. Sonstegard, J. B.
Cole and C. P. Van Tassell. 2014. The development of genomics applied to dairy breeding.
Livest. Sci. 166:66—-75.

Silva, R. M. O., N. B. Stafuzza, B. O. Fragomeni, G. M. F. Camargo, T. M. Ceacero, J. N. S. G. Cyrillo,
F. Baldi, A. A. Boligon, M. E. Z. Mercadante, D. L. Lourenco, I. Misztal and L. G.
Albuqguerque. 2017. Genome-wide association study for carcass traits in an experimental
Nelore cattle population. PLoS One. 12 (2017), Article e0169860

Snelling W. M., R. Cushman, J. W. Keele, C. Maltecca, M. G. Thomas, M. R. S. Fortes and A.
Reverter. 2013. Networks and pathways to guide genomic selection. J Anim. Sci. 91: 537-
552.

Strabel, T. and I. Misztal. 1999. Genetic parameters for first and second lactation milk yields of
Polish Black and White cattle with random regression test-day models. J. Dairy Sci. 82:
2805-2810

Strabel, T., J. Szyda, E. Ptak and J. Jamrozik. 2005. Comparison of random regression test-day
models for Polish black and white cattle. J. Dairy Sci. 88: 3688-3699.

Strucken, E. M., R. H. Bortfeldt, D. J. Koning and G. A. Brockmann. 2012. Genome-wide
associations for investigating time-dependent genetic effects for milk production traits in
dairy cattle. Anim. Genet. 43:375-382.

Theodorou, G., M. Daskalopoulou, R. Chronopoulou, A. Baldi, V. Dell’Orto and I. Politis. 2010.
Acute mastitis induces upregulation of expression of plasminogen activator-related genes
by blood monocytes and neutrophils in dairy ewes. Vet Immunol Immunopathol. 138(1):
124-128.

VanRaden P. M. 2008. Efficient methods to compute genomic predictions. J Dairy Sci. 91: 4414-
4423.

Wang, H., I. Misztal, I. Aguilar, A. Legarra and W. M. Muir. 2012. Genome-wide association
mapping including phenotypes from relatives without genotypes. Genet. Res. 94: 73-83.

Wang H., I. Misztal, I. Aguilar, A. Legarra, R. L. Fernando, Z. Vitezica, R. Okimoto R, T. Wing, R.
Hawken and W. M. Muir. 2014. Genome-wide association mapping including phenotypes
from relatives without genotypes in a single-step (ssGWAS) for 6-week body weight in

broiler chickens. Front. Genet. 5: 1-8.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Okimoto%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24904635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wing%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24904635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hawken%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24904635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muir%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=24904635

37

Warde-Farley, D., S. L. Donaldson, O. Comes, K. Zuberi, R. Badrawi, P. Chao, M. Franz, C. Grouios,
F. Kazi and C. T. Lopes. 2010. The GeneMANIA prediction server: biological network
integration for gene prioritization and predicting gene function. Nucleic Acids Res.
38(suppl_2): W214-W220.

Williams, T. and C. Kelley. 2019. Gnuplot 5.2 manual and interaction plotting program. Ethan A
Merritt and many others. 271 p.

Witkowski, M., U. Landmesser and U. Rauch. 2016. Tissue factor as a link between inflammation
and coagulation. Trends Cardiovasc Med. 26(4):297-303.

Wu, Y., J. Zhuang, D. Zhao, F. Zhang, J. Ma and C. Xu. 2017. Cyclic stretch-induced the
cytoskeleton rearrangement and gene expression of cytoskeletal regulators in human
periodontal ligament cells. Acta Odontol. Scand. 75(7): 507-516.

Yang, M., M. Cong, X. Peng, J. Wu, R. Wu, B. Liu, W. Ye and X. Yue. 2016. Quantitative proteomic
analysis of milk fat globule membrane (MFGM) proteins in human and bovine colostrum
and mature milk samples through iTRAQ labeling. Food Funct. 7(5): 2438-2450.

Zhang, Q., B. Guldbrandtsen, J. R. Thomasen, M. S. Lund and G. Sahana. 2016. Genome-wide
association study for longevity with whole genome sequencing in 3 cattle breeds. J. Dairy
Sci. 99: 7289-7298.

Zhang, Z., J. Liu, X. Ding, P. Bijma, D. J. de Koning and Q. Zhang. 2010. Best linear unbiased
prediction of genomic breeding values using a trait-specific marker-derived relationship
matrix. PLoS One. 5: e12648.

Zhou, C., C. Li, W. Cai, S. Liu, H. Yin, S. Shi, Q. Zhang and S. Zhang. 2019. Genome-wide
association study for milk protein composition traits in a Chinese Holstein population using

a single-step approach. Front. Genet. 10: 72.

Zuo, Y., W. Oh, A. Ulu and J. A. Frost. 2016. Minireview: Mouse Models of Rho GTPase Function
in Mammary Gland Development, Tumorigenesis, and Metastasis. Mol Endocrinol. 30(3):
278-289.



38

HavasszavgFeluuusiaauauysaliugluwilauauinseUnea laadlnd
s e 1/ [ s o~ 2/ 2. o & A1/
WNT M o308 Funinsedne? svswa du3ad

uNAnge
nsAnwifiinguszasaiiefnwinavesseavgiseluiiug Ingldarsedu Milk urea nitrogen

LY

(MUN) sisauanysaiiuslundlauniugnselnoalaadlou lngldtoyatuiinuandninuunemsuiay

Y
6 i

Yoyanwanysaliuganuaila 24,610 § finaengnszning w.a. 2561-2566 Usznoudedeyatuiin
MUN $1uau 171,354 Sufin TagA1iads MUN iy 13.79+3.84 me/dL dnuaizauanysaliusi
Ans1eh Idun S1uautursoninaunfousn (DTFS) S1uauturasnfiawauin (DTC) wagdhmnisnauin
afausn (FSO) sedu MUN wuadu 3 nau Ao 51 (<12 me/dL) Ununang (12-18 me/dL) uagga (>18
me/dL) Tnediasgailutasssesduvesnisliuaiiuandnadu Guluud 5-30, 545, 5-60, 5-90 uag 5-
120) 31A51ehdN3Naves MUN seauauysaliuglagldlunaidudunauuas logistic regression Wa
MsfnwInuI1 Sufindeyaiid MUN <12 me/dL Andu 51.7% sedutunans 33.6% uazgannin 18
me/dL Anwdu 14.7% LLﬂIﬂﬁTﬁmamﬁmqqﬁizﬁu MUN qmdmﬂﬂﬁiﬁmamﬁmm‘l’maam'ﬁzazmﬂv’fw
(13.98+3.77 vs 13.60+3.90 mg/dL) AU MUN #i8vSnadednuiuiunaenisnaufnegaiidedagy Tne
wsiledifl MUN sgfusuazunaslusisiunisTiunansnsanauialdiianiusladisl MUN ga 5.2-7.9
$u (P<0.05) Snsn1snanfnaSawsnluwila@isl MUN seausganineesiivodiny Tavild1 odds ratio
faust 1.25-1.35 ewFeuileutuudladisl MUN g1 (P<0.01) Ssuansfanisifiulonianisnaufadise
25-35% Tunaiziiuailaiisl MUN ga (>18 mg/dL) filonmanisuaufnsiiniualafid MUN Uiunans 14-
15% Tunrdisydu MUN lsifavsuaredunutunaeniawanniausn (P>0.05) agunanisnuildinsedy
MUN #ifienaindn 18 me/dL Tuthsfunsliua Tnstamznguualafifiaidindt 12 me/dL anunsasiia
Usgansamnsduiuglunilauniusnseleealaaaladldegidedfny nan1sfnwlawuinianis
FamstaruinislusAufidandngudalsednysonisnsivasusedu MUN agnsasiiane il odin
UsyAvsamanuanyseituslussuunsdedaulumndou

o o w =) v ¢ € w6 a H a L4
ARy N15auIug laun anuauysaliug glelulasiauludug nseleealaadlni
wneidauldvIns: 68(2)-0208-040

Y drdnmalulag@inmnisudnuadnd o.dles 2.Unusndl

2/ fa o I aa = ! =
@u‘&J’J%EJﬂ'ﬁNﬁmmEmuﬁ%LV]@IUI@EJ?J’JﬂWWﬁi%Qﬁ B.LMNIABY Q.dTTYT



39

Effect of milk urea nitrogen on fertility in Tropical Holstein dairy cows
Jatuporn Pongpeng® Arun Chankrajang? Pattarapol Sumreddee!

Abstract

This study investigated the effects of milk urea nitrogen (MUN) levels on fertility
performance in Tropical Holstein dairy cows using monthly test-day records and fertility data from
24,610 cows. Data were collected from cows calving between 2018-2023, comprising 171,354
MUN test-day records with mean MUN concentration of 13.79+3.84 mg/dL. Fertility traits analyzed
included days to first service (DTFS), days from calving to conception (DTC), and first service
conception rate (FSC). MUN levels were categorized as low (<12 mg/dL), moderate (12-18 mg/dL),
and high (>18 mg/dL) across different early lactation periods (DIM 5-30, 5-45, 5-60, 5-90, and 5-
120). Linear mixed-effects models and logistic regression were used to analyze MUN effects on
fertility traits. Results showed that 51.7% of records had MUN <12 meg/dL, 33.6% had moderate
levels, and 14.7% exceeded 18 mg/dL. High-producing cows consistently exhibited higher MUN
levels throughout lactation compared to low-producing cows (13.98+3.77 vs 13.60+3.90 mg/dL).
MUN levels significantly affected days from calving to conception, with cows having low and
moderate MUN levels during early lactation conceiving 5.2-7.9 days earlier than hish MUN cows
(P<0.05). First service conception rates were significantly higher in cows with low MUN levels, with
odds ratios of 1.25-1.35 compared to high MUN cows (P<0.01), representing 25-35% improvement
in conception probability. Conversely, cows with high MUN levels (>18 mg/dL) showed 14-15%
lower conception odds compared to moderate MUN cows. MUN levels did not significantly affect
days to first service (P>0.05). The study demonstrates that maintaining MUN concentrations below
18 mg/dL during early lactation, particularly below 12 mg/dL, significantly enhances reproductive
performance in Tropical Holstein dairy cows. These findings provide evidence-based guidelines
for protein nutrition management to optimize fertility in tropical dairy production systems through

regular MUN monitoring.

Keywords: reproduction, dairy cattle, fertility, milk urea nitrogen, Tropical Holstein
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diunsdululasiauoongdainden Uonker et al, 1998) lesanevnsiilusauifmnsaaesaligs
Iggneesuaznsdninedunsdlunsynizminnasidusenlude uasuenluiludnuiuazgnaady
iunfanszngninidgnisivaisurendudeaneianasgndsselugdu duagyiminiivaeu
wesludlendugiSe (Butler, 2005b) vilusilasnundoadendsmlasausslov nmsiwasuuenluiey
HugFedaiarudufumszionludoduiiviededenily g3eludeauisdugninduanldlnily
nszmngwiin Fueenneliaany wazdnluluiug TnegSelunssuaidongnuudsnenisunsuuunadl
(Passive diffusion) lUgseutinuu (Clark et al, 1978) iiloidumsuiueuaugassuineagidsluden
warluthuy (Gustafsson and Palmaquist, 1993) 6'8"ammaamm§meﬁlﬁﬁqqﬁﬂuimwﬂuLﬁam
(Blood urea nitrogen, BUN) LL@%@JS&JMIMLWIWEWN (Milk urea nitrogen, MUN) iflasanniinnuduius
fumslasuemnstusiu eiduedesilelunisasivaeulusiuluevnsvosslauy (Hof et al, 1997)

nsiilauudly Sofigunulvasinadeussans mmssuuduiug esanifuansiiozaneinlduas
nszaeluianvenvailusienie wu uiane veanadlunssimizuiin iiun §5ulunszuaidon
vouvarluneadiAa vesvadlunagn Uaameuazgannse (Butler, 2005b) Mafistuessedunenluie
uazgFelunszuadendiwansenusonisgyidendsnuiuindmiunsivlulanaudniiulurams
Tuuszezusn (Butler, 1998; Leroy et al, 2008) A1 pH lulnsuagnanas (Elrod and Butler, 1993)
4) mswdsunlasmnududuvednunaden uuniidey veanesa uazdenzdlosou uazaududy
vogipfiiuturoswounailuungn (ordan et al, 1983) mianaswasseiusoslunlnaamelsuly
Wana1 (Sonderman and Larson, 1989) suviailufinlnemswiolwadausiug weadiAa uazvevild Tu
syeznounnly (Moore and Varga, 1996) N1WAIUNIU0IA180UTEEEILIA (Tamminga, 2006) 8M51A1T
WUIAIsEEEAALT warn1siin vanaladananas (Butler, 2005b) AuaInsalunegsonvednadly
ungnanas (Westwood et al.,, 1998; Tamminga, 2006)

FadumsfinuadsdiieingussasdiiieAnvinavesssdug Selulnnavluiuudeauauysal
stuslunlaustuinseTeealsadlnt Tnglde MUN WuedasielumstsdszdunislésuommsTusiulu
wilauy Fanvnsnsldnmisinsesiesdussnauiuanuusesr Sadianudusius iy amnuauysaiiug
$un S1uautunaeniswauaiusn Suauturaeniwanfn uazdnsnisuaudandausn tieldusslom
Tunsuiumsdnnislavugivmnzaudmiuifinssansnmszuvduiuduazannugyidoniaasugia
Tughumsidedausluuszmadely



41

gunsalLarIsnaans

nawdeudayanandmitunuasdoyanuauysaiwug

sy lunsaiflideyanandnminuumeiiiou (Vonthly test-day record) uaiioyanuay soiiug
flanleuiugnsedaealeadla Jsusulilussuupudeyalauunansesdinimeliladdrnmnisedn
Undnd nsudadnd Usneudie Teyadnd (Fuida seduaeidenleaalaminiidow hiu diuries deya
Aeafumseaon (ulraenvewusarsounisliuy) deyanswauiien Tuinaivdanaen) Toyanandntiu
uavasUsznowinu Tneteyanandninagniufiniouas 1 A Teyanananiuanasdoyaruauysal
fiuslinlausiinaengnseying U ne. 2561-2566 Tnedesannuauysaliug Uszneuse s1uruiunaen
fanaunsauan (Days to first service, DTFS) Muamatndiuaniuseninnisanengniviufinauaiausn
NAIAAN TIUIUTUAADADINAURRA (Days from calving to successful conception, DTC) A1UIMUAN
Fuufuseminamsaaengnuas Juiinaudnlusduvieatiagdy uagnIHauAnATIwsn (First service
conception, FSC) Sﬁagaﬁlﬁuﬂaaamﬂu 2 WUV (Binary outcome) @a “1” winudlalasunisduduin
ﬁaqmwé’qmimam%ﬂLLiﬂwé’maamQﬂ vi3e “0” mnuaulaifnannsuauadausn

manseudoyannuauyalnuganyadeyafanssunailey (Hauiey nsIavies Aaen) viue
PunENiNasives Bauban et al. (2016) Toyanandmiiuy Usenousae Sufinuandsiiuuneiieuluty
nagoU (Monthly test-day records) léun U3ananiug MUN wedidusluuu waziesdudlusiu Tng
Emthillasamsnanvielauuiugnselaoaleadlnliiususandulsedmn 30 Tu naonsounsloius

mMsdamsteyadmiumsiesginieedia Auusdusiislegifinanyateyasmiunisaiis
L.Lﬂﬂmimﬂsﬁaua FauUsdu T MUN USanasiiun drduvies (Parity) Ufinaongn (Year of calving)
maumaamaﬂ (Month of caLvmg) Tuuiulvun (DIM) ‘mmimmawamammamwum fatl @R
fosdl 1 fs 10 Sruautunauesausnudsanongnogeden 45 Yu %auawawammumaaiuma 5-305 Tu
vdsnaen (DIM 5-305) WUsngy MUN sonamszeznstiunndsnasaiiofnwdninaves MUN Tugas
VRIARBAROALALY IS el MUN Tuuil 5-30 ndsraen (MUN_DIM_5_30), Yuil 5-45 ndinaen
(MUN_DIM 5 45), Juil 5-60 ndsnaen (MUN_DIM 5 60), Juii 5-90 ndsaaen (MUN_DIM 5 90) ua
Jufl 5-120 ndaraen (MUN_DIM_ 5 120) Iasudagszautaan MUN saniiy 3 9aamuaiade MUN
(MUN<12, 12 <MUN< 18, MUN>18 mg/dL) a3 Nourozi et al. (2010) wusngq ua1auviesoantu
4 Ny Ao Viosdl 1, 2, 3, uay >4 (WUamUNINTENEVRItaYa) Wuanguiudamuseauaigiionlaadlnt
W51 oy (HF) eontdu 3 nqu Aeseduansiden HF<87.5%, 87.5%< HF< 93.75% uay HF>93.75%
wianguiulsius (DIM group) sanidlu 30 ndue az 10 Fu (Wu Fufl 5-15, 16-25,..., 296-305) (Buaban
et al., 2016) utsnguseduUTnaihuuresulasonidu 2 ndu nueAInas (Vedian) vasA1Uszan
Usinaniua 305 Ju (Median 305-day milk yield = 4,500 kg) A LLﬁIﬂﬁIﬁmamamgq (High producing
cows: 305-day milk yield >4,500 kg) wazlaiilnandnsn (Low producing cows: 305-day milk yield
<,500 kg) gan1afinaengnuisesniiiu 3 qg mu Buaban et al. (2016) (qo¥ou : furAu-dquisy, g
1 NINGIAN-HAIAL, §RIUNT : NEAINEU-NuATRLS) TngYianaInIsrangnnIERaanIal LAy
wiladulvgaaangnlugari (40.1%) muaieganul (32.2%) wazgasou (27.7%) luneuiugigu
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(11.6%) fanay (15.5%) WA ey (11.2%) uazduannu (8.1%) vindeyaiidnund (Outliers) vos
dnwaizdiaulaseis Standard deviation (SD) (audeyadisiendnnd1 wiegeninA1 Mean=35D) iexles
yndoyananming uardeyanuanysaiiug fevansavlseiidla wasdduviosd gadeyatuiin
nanARt UL eV T UILNMIMUANANNIN Seualaedu 24,610 @ Tnedwnudeyatuiinuands
thusselawndeniniy 7.242.2 Sufin (2 - 11 Sufin/i) uansagUlassaisestoyatufinnanantund
1glumsfinw (Table 1)

Table 1. Description of milk urea nitrogen (MUN) dataset used in the study.

ltem ! Value

Number of herds 735
Number of cows 24,610

1°" Parity (%) 27.1

2" Parity (%) 23.7

3" Parity (%) 17.5

>4" Parity (%) 31.7
Number of MUN test day-records 171,354
MUN, mg/dL (mean+SD) 13.79+3.84

Min - max 4.60 — 24.00
Proportion of MUN classes (%)

MUN<12 51.7

12 <MUN<18 33.6

MUN>18 14.7

NNSIATIZHNIEDR
1. mnudeulssvasiiodeiionvdenarosziugBeluti

Aipsenitadefienadanasionn MUN faeluwadadunan (Linear mixed effect model) Jadui
finwn Uszneude §audssan (Covariables) vasUsinamnualufunagsy (Test-day milk yiled records)
Wesidusluduuy uaziesidudlusfiuu fudsdnngu (Categorical varible) leiua ngusdiuauiuluy
(DIM group) @eiuvias (Parity group) LLazﬂﬁﬂaamqﬂ (Year of calving) dusiUsgululuna laun ngu
N139AN13LABINU (Contemporary group) U84 V\hs‘m—'ﬂﬁﬂaaﬂqﬂ—Lﬁauﬁﬂaamqﬂ (Herd-year-month of
calving) u@ﬂﬂﬂﬂﬁﬁﬂﬂdmﬁﬁLLﬂiﬁja USinasiuaveaslla (High producing cow ﬁ@LLﬂIﬂﬁiﬁmamﬁmqq
w8z Low producing cow uxilafiliuandnsn) wnusauwussanvesUsuiaiivalusunageu Tunis
AnTeiternudrnavessiuUsnaniuuvesle sensiasuudassysiu MUN
2. SwdwavasszAugBelutunsanuauyaiug

UATIENENTNAVRY MUN somnuauysaiiugluwilauy Tnsuenluudazdisnisliuumndinaen
(MUN_DIM 5 30, MUN_DIM 5 45, MUN_DIM 5 60, MUN_DIM 5 90, uaig MUN_DIM_5_120) d1viu

wrlazanuuzANaNysaliuSAnY il
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SuuSuvsInaentENASILSN Lars IS UnaIRRendsELRAR

AnszidvEnaTes MUN searuauysaliusluulau 1 swiutuesesdswaunsiusn way
SrunuSuraantanauin melunadadunas (Linear mixed effect model) aendnisvaaaulunad
wnzas Jadensi (Fixed effect) Tuluna leiuA MUN woadu 3 nga 1éun nguil MUN<12 ngadl MUN
12 <MUN< 18 LLazﬂaq'uﬁ' MUN>18 me/dL aduitas (Parity eroup) wazUsuauunaesuyle
(Production level) Y938y (Random effect) leun wriu-Uiinasngn-qaniafinasngn (Herd-year-
season of calving) & sazWaudsaruunns1wein1ssnn1sgy udedadeaninuindeudu uas
AIUARIALAA DU (Random residual) 1935 Restricted maximum likelihood (REML) Tun15Useuey
A dwesiulunaliadunas e (med package (Bates et al., 2015) Tulusunsy R (R Core Team,
2025) NAFDUABILANA1YBIARATEMIINGUFalA F (F-statistic) Teaudvinavesdadofiauls
Tug‘ULLUU“Uadﬁ’lLaga Least squares mean (LS means) UsuA1 p-values #1835 Tukey (Tukey adjusted
p-values) Tne'ld emmeans R package (Lenth et al,, 2018) fnuaA1Ted A yn19adfifiszay 0.05
(0t=0.05) MIIANITUBYR NMITIATILVADATINTTUUT NTUATIBNLUAR NITNAADUATAMI WaZNIS
a5aununm ondelusunsunadifdnsagu R (R Core Teamn, 2025)

MRS IETBVENAYEs MUN fesiuiuiundsnaonimaundansn wassiunuiundnaend ey
An Wodsvsiuenanads MUN lussazdremsliunvdanaon Tusulsuud 5-30, 5-45 5-60, 5-90
ua 5 - 120 Mamedoyasuutundsnaoniamanaiausn wazdunufundsanoniwanin ag1elios
30, 45, 60, 90 waE 120 Yu FulU AUEIFY WU NaYBIsERU MUN waslusuliuui 5-60 avdanses
amzdoyaduiuiundinaenimaundonn warduuTundaaoniawanin doust 60 Tuiuly (Husy
Wil iieanemRveInsUssuANBEwaves MUN fe DTFS way DTC (1Wu ns3nsizsdissoyldund
5-90 Ju AuraAaas MUN vasuiiliuudausSudl 5 89 90 fafu A1 DTFS w3e DTC fininen 90 Su
i 45-60 Fu ildiAnnnavesd MUN faust 61-90 Yu Fsrweglumssuineade)
SasnsuauAnATaLsn

AirsedaudSavesnsnaninadausnlagld Mixed effect logistic regression models Tngld
Lmed package Tulusunss R (R Core Team, 2025) Yasuaeiiluluina Tewn MUN d1susies Usuna
thunveawslla nauiug (Breed group) wazggnaiinaengn Jadedu liun vhiu-Tiinnongn-ggniadi
ARBAQN LarAuAIALAADY (Random residual) S189MuNagaeA Odds ratio (OR) tilemauidesles
(Association) seuinatladefiauls (FuUsdu) wazmsuaufnadeusnundsnasn Ine Odds furaann
ANtnagiduvesnsuauin (p) msaeauutaziduvesniswanlifa (1-p), odds = 1%’ , Yarandi

and Simpson, 1991; Goldstein et al., 2002) Muunalilalungy 12<MUN<18 me/dL 1T uszaudneds
(Reference level) 57897unaA1 Odds ratio (OR) WU3suLBUiU Reference level ensiag1aau OR U89
nsnanfnlulanguf Tz MUN<12 me/dL 1 oiFeuiiisuiungui fisesu 12<MUN<18 me/dL
(Reference level) A dndruvasd1 Odds vesnsanAnlunguiifisedu MUN<12 mg/dL #ie odds ¥4
msuaufalunguiifisedu 12<MUN<18 me/dL Tage1 OR >1 vandenisifialenia (Likelihood) ve4
nsnauiin @anudenlondauin wie Positive association) @211 OR<1 wansdslenianisnaudad
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anas @rudenleadeau n3e Negative association) A1 OR = 1 waneinlufimnud eulessening
Hadefiaulafumsuauiin (No association) nageutud fyn1sadnvesinduUsyans (Coefficients) 784
uAardNSNANBUAUTEAUS198Y (Reference level) se Wald test

wennil s inssidTluusargaemslduamdanasn (MUN DIM 5 30, MUN DIM 5 45,
MUN_DIM 5 60, MUN_DIM 5 90, wag MUN_DIM 5 120) Tnersunalilalungu MUN>18 me/dL 18u
suiU81989 (Reference level) 1l 91 OR vosnsnandalulanguii fisedy MUN<12 me/dL Lilo
Lﬂ%‘ﬂULﬁ&UﬁUﬂejuﬁﬁizﬁu MUN>18 mg/dL (Reference level)

NANIINAABILAZINTA]

maaal,%awsimuwaaizﬁugL%'aiuﬁ"muLLazmmamu”ssﬁﬁus:

ﬁ"]La’ﬁaﬂaqizéﬁ’uqL%BluimwuiwfmmﬁwLLuﬂLLﬁiaziwzmﬂﬁuu Tnedlradesziu MUN savan
(+SD) mﬂﬁayjaﬂ’uﬁﬂmawﬁmﬁmu (DIM 5-305 $u) wiifu 13.79+3.84 me/dL TneilFsaus 4.60 me/dL
219 24.00 mg/dL (Table 2) ﬁaagiusﬁaﬂﬁmmsamﬁm%’u‘lﬂuu (12-18 mg/dL) (Ferguson, 2002; Hof et
al. 1997) qu?;dﬂﬂizmmmuimgﬁmaé’mmﬂmmmﬂﬂiﬁuagfiuﬁwﬁmmzam Faaonndosiiv
n15@N¥1989 Kananub et al. (2018) finuinAtadsves MUN lugiausnvesnisTiunetssgiiuszanm
11 me/dL wag MUN ludssauiusilenunniimsetiesnin 14.20 me/dL Je01vaguladnyeunfves
MUN Tudszimalneaisegsening 11 83 15 me/dL agslsiniud 14.7% vesdayaiiszau MUN LA
18 mg/dL (Table 1) S?fqLLﬁ@ﬂﬁLﬁuﬁamﬂﬂﬂﬂiamﬁummé]’mmﬂu;Juuﬂ;ﬂuu nanshunuilaenndes
FUN153189MUY83 Hristov et al. (2018) finuinunnnin 70% vessulauudandivglésulusivunn
Auld JsenvdamaliiAndmannsdanistavuglusilaummam

mjﬂﬂmﬁwawﬁmqa (High producing cows, USinaniua 305 $u 4,500 Alanfa) dszdu MUN
ganduslaiilvinandns (Low producing cows) a8nssieLil psmananisliua (13.98+3.77 iiguiy
13.60+3.90 mg/dL n1ua"dy, Table 2) Fafiguuvuadioiulunnyaenisiiundaudfuliuudl 5-305
donAdaaiun1331891U09 Rajala-Schultz and Saville (2003) finuindr MUN Sanuduiudideuantu
dausilauailinanangs esnanmsiudlaunlyinandngseaidunainainnsldsuuimaemsty
mmw‘%ammiﬁﬁiﬂiﬁuqq 9NNUI152AU MUN qﬂuuﬂﬂmﬁmamﬁmqa A0AAROINUAIIUADINIT
Iﬂiauﬁ'mﬂﬂd'}LLazm'mﬁaqmimamLmuaﬁ%uﬁqmdw (NRC, 2001) pnaduiusdassouliiviunis
myudsulusiuuasnsuanuoulindefifiutuieruaenndasivussdunimaniuafiganit (Broderick

and Clayton, 1997)
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Table 2. Summary statistics of test-day milk urea nitrogen (MUN, mg/dL) in Tropical Holstein

dairy cows categorized by production levels of cows

Overall High producing cow Low producing cow '

Days in milk
n Mean SD n Mean SD n Mean SD
Overall 17,1354  13.79 384 83635  13.98 377 87,719 1360 3.90
DIM 5-30 10,858 13.38 383 5,469 13.47 395 5389 1329 3.70
DIM 31-60 15,959 13.50 388 8,010 13.69 399 7,949 1332 3.75
DIM 61-90 17,138 13.76 390 8,546 13.92 3.95 8592 1361 3.84

DIM 91-120 17,867  13.83 390 8818 14.08 395 9,049  13.59 3.83
DIM 121-150 18298  13.90 387 8978 14.15 390 9,320  13.65 3.81
DIM 151-180 18637  13.87 384 9,071 14.09 387 9,566  13.66 3.80
DIM 181-210 18609  13.87 378 8942  14.09 382 9,667  13.67 3.73
DIM 211-240 18593  13.90 381 8,995 14.14 388 9,598  13.67 3.73
DIM 241-270 17562  13.86 3.78 8,407 14.01 380 9,155  13.73 3.75

DIM 271-305 17833  13.81 3.82 8,399 13.97 3.89 9434 1367 3.74
' Production level: high producing cow = cows with 305-day milk yield >4,500 kg (median lactation milk yield),

low producing cow = cows with 305-day milk yield <4,500 kg.

mmauumwuﬁummLLUiUiauﬂaumaaﬂuﬂivmﬂswﬂmsn (Table 3 uaz 4) WU U
ﬂaammmammwmaastrm"u 93.7+32.4 Yu druuiniunasninaufinedsviitu 148.0+68.5 Tu
SnsmsnaLfnasausnwiiy 35.9% Luamsfunummmmzammﬂizammwwwauwuq Taun S1uau
SupaenfanauASaLsWny 60 Yu S1uIuTuraenfwaNRAIRY 85-110 U wardnsInsWaRnnSa
wsniu 50% Fefienlndidesfuiiseailulauendoudun

PNNANTNAABIEFUNALAI LLﬂIﬂﬁIﬁmamémqq (High producing cows) Simsuaumausnidani
(90.8+31.5 1 iwufy 96.6+33.1 Ju) widsuiuiuraendwmauinlngifosiunllafilinandns (Low
producing cows) (147.5+70.4 \ieuiu 148.6+56.5 Yu) grslsinu dnsimswauinnsauwsnluuglai
1ﬁwam§mqqﬁmd’1 (34.6% WWgufiU 37.3%) LLamdﬂLLﬁIﬂﬁiﬁmamémgqazléf%’umiwamL%’Jm'w uAANENSD
TUNSHALRANSUAT T987191ARINALLASEANIUNUBATL (Metabolic stress) Tikigntaatunisuan
thuge uazmsiliangavmddasuinis (Nutritional imbalances) fiawfouldainssdu MUN figedu
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Table 3. Summary description of days to first service and days from calving to conception

categorized by production levels of cows.

. Overall High producing cow * Low producing cow *
Trait Parity
n Mean SD n Mean SD n Mean SD
DTFS (days) Overall 24,384 937 324 12,267  90.8 315 12,117 96.6 33.1

1st parity 6,622 94.7 32.9 2,839 91.1 315 3,783 97.4 33.6
2nd parity 5772 93.4 32.6 3,030 90.0 314 2,742 97.0 33.6
3rd parity 4,262 93.6 32.6 2,304 91.4 322 1,958 96.3 32.8
>4 parity 7,728 93.1 31.8 4,094 90.8 313 3,634 95.7 32.2
DTC (days) Overall 21,225 148.0 68.5 10,571 1475 704 10,654 148.6 66.5
1st parity 5519 1545 71.2 2,313 153.8 73.7 3,206  155.0 69.3
2nd parity 4,981  149.6 68.2 2,568  148.8 70.2 2,413 1503 66.1
3rd parity 3,758 1453 67.8 2,012 146.2 70.6 1,746 1443 64.4
>4 parity 6,967 1434 66.4 3,678 1434 68.1 3,289 1433 64.6

" DTFS = days to first service, DTC = days from calving to successful conception.

? Production level: high producing cow = cows with 305-day milk yield >4,500 kg (median lactation milk yield),
low producing cow = cows with 305-day milk yield <4,500 k.

Table 4. Summary description of first service conception categorized by production levels of cows.

Overall High producing cow ! Low producing cow !
Parity Pregnant  Non-pregnant Pregnant  Non-pregnant Pregnant  Non-pregnant

" %) %) " %) %) " (%) %)
Overall 24,384 35.9 64.1 12,267 34.6 65.4 12,117 37.3 62.7
1st parity 6,622 32.3 67.7 2,839 30.5 69.5 3,783 33.6 66.4
2nd parity 5772 34.6 65.4 3,030 329 67.1 2,742 36.5 63.5
3rd parity 4,262 37.8 62.2 2,304 36.3 63.7 1,958 39.5 60.5
>4 parity 7,728 39.1 60.9 4,094 377 62.3 3,634 40.6 59.4

' Production level: high producing cow = cows with 305-day milk yield >4,500 kg (median lactation milk yield),
low producing cow = cows with 305-day milk yield <4,500 kg
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Distribution of milk urea nitrogen records by days in milk groups
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Figure 1. Proportional distribution of milk urea nitrogen categories throughout lactation in
Tropical Holstein dairy cows

msnszmﬂé\";LLaxgiJu:umlaﬁzéﬁ’ugL’%‘ﬂ1u1mswuiuﬁﬁumaamzazmﬂﬁum

dndnuszansiifinisnszanedinuan MUN nudfianaudsiufiunnistunasnssoznnsliuy
(Figure 1) #suansdiaguuuunsiva suutaswesmsinraglusavlugianisliuniiunnsiadiude
ndayanuinusernslaunaiulngiian MUN senine 12-18 me/dL (49.7-52.8%) m1unag MUN <12
me/dL (32.2-37.4%) waz MUN >18 me/dL (12.9-15.4%) Insdndiudszainslafisidn MUN seiush
(<12 mg/dL) wugegnlugae 90 Juusnuanaen Turaueinsnszanevesal MUN duq faudiand

sUuuunsLUAsuUaAn MUN saeaszeznslviuy (Figure 2) ‘wmwm MUN maﬂummumﬂw
undsvanas 35 Juusnndsraen (LS means Ussanas 13.36 me/dL) 9ntiudese i unudiiu audls
Seaugaan (Peak levels) Uszana 85 Jundanaen (14.2 mg/dL) diuluyasnatenisiviuual MUN Aaudg
Aafl (16.1-14.3 me/dL) novanandnieslugastatensTiunuszana 14.0 me/dl §sdenndosiunis
U84 Carlsson et al. (1995) ingauinsgdu MUN firdgandanaen LLazLﬁ'aJ%ugqqmm 3-6 Lhou
NHINAON LazADYY anarNTTUzA UL

TuvaugfiguuuunsTiua (Lactation curve) agvioulsiifiuniuduiusiidunainsyminenisian
wangylUsAu (Protein metabolism) wagdasnisliuy deirsfunslvunddnvaurvesnialiiaunavos
W&391U (Negative energy balance) Fsenansenusiouszansnmnnsdanszilusiugaunidlunssinig
wafn (Microbial protein synthesis) @ sualifdn MUN Tuszezusnsin wazavdesquinduluszdulnd
(Butler, 2005a) mmmmmmaaiumaﬂ%’ummamawé’wm (Improved energy balance) kagn1s
Wi uT ure9n13AulF 109U (Increased dry matter intake) il a3z sl unve Ul lAuILTY
(Obitsu et al, 2011) uazusilafifnandmiuugeaziian MUN figsniudlafiflinananiuus egr
sewflosmasnnislsiuy (Figure 3)
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Least-squares means of milk urea nitrogen across days in milk
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Figure 2. Lactation curve of milk urea nitrogen in Tropical Holstein dairy cows (LS means + 95%

confidence intervals)
Least-squares means of milk urea nitrogen across days in milk
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Figure 3. Effect of production levels on milk urea nitrogen throughout lactation in Tropical
Holstein dairy cows (LS means + 95% confidence intervals). High producing cow = cows
with 305-day milk yield 24,500 kg (median lactation milk yield), low producing cow =
cows with 305-day milk yield <4,500 ks.
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Least-squares means of milk yield across days in milk
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Figure 4. Lactation curve of daily milk yield in Tropical Holstein dairy cows (LS means + 95%

confidence intervals)
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Figure 5. Effect of parity on daily milk yield throughout lactation in Tropical Holstein dairy cows

(LS means + 95% confidence intervals)
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sUuuUNMsHAnTuNLATasRUIEnaUthuLnaanszaznnsTuy

Aads (LS means) Guamﬁmmﬁwumwai’uiu?umaau (Test-day milk yield) naonszyznsiium
(Figures 4 Way 5) Imaﬂ‘%mmﬁmuﬁﬁwqaqmiwmwssmm 1-2 lhauusnuasnasn (Ussuna 17.7 ke/3u)
stsuumasAudidulununsminsiiudnfiveseu Sasioulfifiunmauisuwlameadsine d
Antundaraen Wood, 1967; Wilmink, 1987) nsndngsaalurisiurenndasiunisssaumdsmuay s
fdsadusemeinldifiesessumudosnsmsnaniaiifiaauet195a$7 (Baurnan and Currie, 1980)

wileludduviosuslsiuiunuthumadomniilalugiuiosiigand Giosd 2, 3 uag »4) Tunn
segnI5hviu (Figure 5) mmLLmﬂm"mﬁlﬁmmﬂmﬁﬁmummﬁiauﬁmuﬁé’ahjamgim%mﬂﬂﬁmLLsﬂLLaz
yuaiafidnndt dsmaliauasalunisuaniiuusidaniudladifuszaunisainnsaaeauiuda
padildsun1sBudiulag Hickson et al. (2006) ua Lopez-Villalobos et al. (2000) sUwuvHanAAasHiv
seuneunlulssrnslauslundouduressemalnglag Buaban et al. (2016) uasutlade
dAlunsnaauNsTanIsiasuINIsasNsauRug

'
[y [

Wosiduilusiuluiuumaeassaznisliun (Figure 6) wuinfissdushanlugisduresnsliuy
(Uszanos 2.8% 9 2.9% Tutas 1 fa 2 Weundsnaen) Mnduseiuefifudlusiuluiundes geiu
ot erllesauiistawievesnislviuy flduszanal 3.2-3.3% (Figure 6) sULUUMTWABULYasAINGT
avvioufsnrudiiusuuunniufuunaniug deuimaniungdlugasfunisliun wWedidudlusiu
unags Llesndrmdanaenwilauneglunnendiuninaunaied mslinsmesdluiiindudmiu
msafrenglealyel uaznsdansesilusiugdunidtaduuvadinsaesilundndmiunsdauaseilusiy
unfianas fadlugnsanasosnnududureslsiuum UJenkins and McGuire, 2006) WlaU3uaumitus
anadlutasaenisliu Wesdudlusfiuuuasiudy mwﬁﬂﬁlgﬂLLUUi‘iﬁ’]ﬁ’mﬁ’m%’Uﬂﬁammm MUN
iosnnidesidudlsfuiamnuduiusiBeuindu MUN uazaenadesiunanisinyives Jonker et al,

(1998) wag Hojman et al. (2004)



51

Least-squares means of protein percentage across days in milk
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Figure 6.

95% confidence intervals)

Least-squares means of fat percentage across days in milk
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Figure 7. Lactation curve of milk fat percentage in Tropical Holstein dairy cows (LS means +

95% confidence intervals)
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HadviidenadesziugiFeluiu

Table 5 uanaman1sinseitadefiisvinasen MUN Wedinsesidelnadadunay (Linear
mixed effect model) & suandliiiutiadonasusenisiisnSnador MUN egrefiodda Tnenuin
USinashuameTu wWedidudlusfuus wWesidudlusiuuy ndudiuiuiuliug naudiuries uasdfinaen
an &ufinariasdu MUN (P<0.0001) nansznuiifitoddnuestadeiifedestumandmmariuguin
MUN Wesilesaendlnddnfuaniugmasiunueddy (Metabolic state) uazanmuzyalazunnmsvedusila

Table 5. Statistical significance of factors affecting milk urea nitrogen (MUN) in Tropical Holstein

dairy cows analyzed using linear mixed-effects models

Variable ! P-value
Daily milk yield (kg) P<0.0001
Fat percentage (%) P<0.0001
Protein percentage (%) P<0.0001
Days in milk group P<0.0001
Calving year P<0.0001
Parity group P<0.0001
Calving season 0.154
Breed group 0.429

! Linear mixed effect model was used to determine factors affecting milk urea nitrogen (MUN). Fixed effects
in the model included covariables (regressors) (dairy milk yield, fat percentage, and protein percentage) and
categorical factors (days in milk group, parity group, breed group, calving season, and calving year) while

random effect was a head-year-month of calving contemporary group.

Tuussmfuvsseiios (Covariables) (Table 6) Usuanhuusefuiiingu 1 Alansy duwald
MUN 1 254 0.029 me/dL (SE=0.003) m1:uﬁ’mﬁ’uﬁ‘ﬁyuamiﬁ’l,ﬁm'ﬂﬂﬁlwmawa“mqam'w (Higher-
producing cows) daanstusfiuannit wauiielaldsulusiu (Protein supply) GNOMGPRFERHEFALLE
Telunsldusslomiognadiussananm sedu MUN szdfisty Tuhueadiontu weddudluiuwazldsiy
Ffiatu 19% demalik MUN fudu 0.494:0.009 waz 0.260+0.027 me/dL muddiu edonadasiunis
5789189 Rajala-Schultz and Saville (2003) finuinA1 MUN Sanuduiusidsuanduivedidusiaiu
LaYN153189IUVBY Cobanovic et al. (2017) finuinan MU SanuduiudiBauinsuesidudluiu uas
Wesidudlusiiu TnemnudouloadsuniiudaunssseminadesiSudlusiuuunas MUN wansliifuii
nsdaaT1zalusiu (Protein synthesis) igstulusiouuniAsadastunismyuiisulsiiu (Protein
turnover) fiifismuianane wlugnsnaniasnistugiFefigduluiiu

nannansdenAdasiuuisenountfinandiiiuin MUN Tesudnsnaanuatetasesiuds
sefunswantiuy Usinadusiuluems wazUszansnInnIsnagy (Broderick and Clayton, 1997)
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ANuFURUSaanmaastundunaled dreiunusulalunsld MUN Wusmtinaaiuslnsuinisiuseiu
(Indicator of protein nutrition status) vasuiilalansluseunsudannaztaenstiuniuanaeiu

Table 6. Estimates of regression coefficients (+SE) for the effects of dairy milk yield, fat

percentage and protein percentage on milk urea nitrogen (MUN) in Tropical Holstine

dairy cows
Variable Estimate of regression coefficients * P-value
Daily milk yield (kg) 0.029 + 0.003 P<0.0001
Fat percentage (%) 0.494 + 0.009 P<0.0001
Protein percentage (%) 0.260 + 0.027 P<0.0001

! Linear mixed effect model was used to determine factors affecting milk urea nitrogen (MUN). Fixed effects in
the model included covariables (regressors) (dairy milk yield, fat percentage, and protein percentage) and
categorical factors (days in milk group, parity group, breed group, calving season, and calving year) while random
effect was a head-year-month of calving contemporary group.

SvdnavasszaugFeluihundenrnuanysainug
Sruanunaoniaanndausn

Table 7 ugnwwaves MUN sies1uruiunaentaeaundusn Tnowendmsizilunsasgaanisiiuy
naspan aude 120 74 (MUN_DIM 5 30, MUN DIM 5 45, MUN_DIM 5 60, MUN DIM 5 90, uag
MUN_DIM 5 120) wu1 sgéu MUN Tugaadunistiun (ulsiuudl 5-30, 5-45, 5-60, 5-90 wag 5-120)
Liuanwansenusesuauiunasniwauasusnogadiodidy (P>0. 05) wamsﬂuwuuuaﬂﬂwmum
AMULLTUYEY MUN Tutsdunisiiunliidvswasdeszey L’Ja’WJENﬂ’ﬁLiiJNﬁZJWUﬁﬂNLLiﬂ‘Viaflﬂa@fﬂ Na
imuuwwamau”[,vimul,t,uwwﬂgumimamlﬂmaav\hiu‘[ﬂumamilfmmumsmauwuquuiwamaamm
UAURANAT 37 fmuald (eeialuuszunn 60-80 Tundsaasn) 11nni1n1siaITaNanILENIg
a3siverveslausazsa auviesuielae Stevenson and Call (1988) wae Lucy (2001) n15luwu
AUSLTUS5EMINe MUN wag DTFS vadinaanuslnvunnisiusiuliisnswaid dydonisindulaly
mMsdamsieaiutnafasFulusunsunsuaniusdinaen

nansfunuilaenndesiunnudilaiion Sunuturaeniwaunswsnldsusnswandnuiain
mssindulalunisdans Fsldsudvinauanisuftfvesiy duugthvosdmuwng uagnisiansan
Maesegna unndadenislawuinis (Peters and Ball, 1995; Santos et al., 2009)
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Table 7. Effects of milk urea nitrogen (MUN) during early lactation on days to first service in

Tropical Holstein dairy cows (LS means)

MUN<12 12 <MUN=< 18 MUN>18
Trait P-value
LS mean se LS mean se LS mean se
MUN_DIM 5 30 92.24 0.60 91.86 0.53 94.13 0.99 0.109
MUN DIM 5 45 92.96 0.52 92.15 0.45 93.18 0.85 0.306
MUN DIM 5 60 99.63 0.49 99.50 0.41 99.96 0.79 0.865
MUN_DIM 5 90 120.35 0.49 120.99 0.39 121.42 0.78 0.421
MUN DIM 5 120 142.39 0.36 141.34 0.48 141.61 0.74 0.183

" Milk urea nitrogen measured between days in milk (DIM) X and Y (e.g., MUN_DIM 5 30 refers to the MUN
between 5 and 30 days post-calving). Different superscript letters in the same row indicate a significant
difference (p < 0.05).

MUINIUADDATINAURAR

Table 8 wansHaves MUN soduiuiundsnaengnianaudn deiinneinonlundazyaenisls
uuvasnaentuszezauvesnTiiuunegly 120 Ju wudt MUN finansenusediuiniunaonianain
pg1alitudAgy lasanizlugig 60 Tulsnndinasn wamsﬁuwuﬁuam5wﬁﬂumaé’w§ﬁa‘fﬁ@ﬁq®
TumadfoRvesnsfne iesandiuiuiunaenfenisuanfndsualnenssdernuanunsalunsiiils
YowhiukuHaNSEUABT NN SAREALAY MIHAMINLLRaRTIn Aufiiudilag De Vries (2006) uae
Inchaisri et al. (2010)

willafisl MUN sesuuunans (12.0-18.0 me/dL) uags (<12.0 me/dL) Tugnefulvuadl 5-45 3
svevanaendwaLAnduniwlaiid MUN g4 (>18.0 mg/dL) (P<0.05) Tneianzwlafidl MUN sedu
Ununanaiazsnan@aliingdt 5.2-6.5 uay 6.9-7.9 Yu awddu WeIuiisuiuualaisl MUN g3
Tugeulviuudl 530 wag 5-05 wiiarmuandnadinuionalinn wifaunsnihluguauseloming
Lﬁi@gﬁﬁ]ﬁﬁﬁmlﬁaﬁmim’léfunuﬁLﬁufuLﬁaIﬂﬁfuﬁaﬂdwa (day open) Wiudu A uiiuandlnenis
Ainsgsimaasugialag Meadows et al. (2005) way Cabrera (2014) Fasanadosiu Nourozi et al.
(2010) MBeUINIRTUTEs MUN 11001 18 1n./ma. dewaidesonnuauysaiiuguestauniioongn
pdausndaunananeuansolumsdiusveddauuiieangnaausnisleiieuiiulafieangniansads
Seuiiszyfedn MUN 21nndn 18 un./aa. wag desndn 12 un./aa. onadwaldeseninuauysal
sugveslauy uay Putri et al. (2018) $1891uA18NINIHALANgeTuag il tuddnlulauniiiigde
lulasavludentiosnin 18 un./aa. WewisuiulaundiflySelulasauludenuinnit 18 un/ma.

dlotiaseailugeTuliuniindnedia (DIM 5-60, 5-90 wag 5-120 Ju) usdlafisl MUN #1 (<12.0
mg/dL) uanssozaanniamaniafiauniuladnaningu (P<0.05) sUuuuiiaenadostuiilutisiunis
Tuuiuanaaiy uandisudundng uidasedndinnsinumnsedu MUN Tussfuidsiiunandlusig
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o &

sunsliuudulsgleonidmsunnudusaveansduiug Jsaenndesiunsdunulag Ferguson et al.
(1993) uag Canfield et al. (1990)

flugumsesTinerdmiunansgnures MUN serrmauysaiiugiinulumsfinuadsdifendos
fumsEmasunueaTy (Metabolic burden) iAgdesiumsdnnisTusiudmiAuluens Welaldsu
lUsAufuauAens WUsiudnuiudignszuiuns Protein deamination (Msmdavyuailu (-NH2)
ponannsneraludilaainnisgeslusau) vlviAauweuludds (NH3) ﬁﬁamﬂauﬂuqﬁdméfm (Butler,
2005b; Reynolds, 1992) mzmumsﬁéfaamﬂ%’wé’mmﬁmLﬁﬂusdawé’maam%uﬂusdaﬁﬂqa (Critical
postpartum period) ?fqﬁmazwé’mum@au@aagLLé”; (Leroy et al,, 2008; Roche et al., 2009) W&
IHiflemsdunszigiieazanndsnuiiiiegdmiunszuiunsduiug Ssenadsmalinisndugresounis
vhauvesdtliunidias uaznmsnanfindias muiteSuielae Butler (1998) uag Beam and Butler (1999)

Table 8. Effects of milk urea nitrogen (MUN) during early lactation on days from calving to

conception in Tropical Holstein dairy cows (LS means)

MUN<12 12 <MUN= 18 MUN>18
Trait 1 P-value
LS mean se LS mean se LS mean se
MUN DIM 5 30  144.72°  1.45 146.46 131 151.65° 234  0.029
MUN DIM 5 45  139.99°%  1.18 141.48 1.05 14793 251 0011
MUN DIM 5 60  143.92°  1.12 146.98 ° 097  151.64° 230  0.003
MUN DIM 5 90  161.132  1.11 164.59 ° 091 16735 211  0.004
MUN DIM 5 120 182.64°  1.14 186.53 ° 0.89  189.12° 209  0.002

" Milk urea nitrogen measured between days in milk (DIM) X and Y (e.g,, MUN_DIM 5 30 refers to the MUN
between 5 and 30 days post-calving). Different superscript letters in the same row indicate a significant
difference (p<0.05).

Samnisnaufnasausn

Table 9 wAAINANITILATILIBNSNHAVRIAT MUN Tuusiazyaanisiiuandnaen Tudiesunisii
s (120 Suusnvdsaaon) deaudniaveanisnaufinnsouin GeiAs1eside Mixed effect logistic
regression analysis Waz31891UNAMIBAT Odds ratio (OR) Iagnuan szau MUN Tugnsaunisiiusians
auduiusegann U nskaufinasausn Tnethouanmdngudsseinsiddydmiunisinng
Inwnnslusiufidamasdonisdusiuglaus Butler. 2000; Royal et al., 2000)

wileafisl MUN sedfusi (<12.0 me/dL) dlomanaufinafansngenitudlafidl MUN 49 (>18.0
me/dL) eehsiiifudndey Taeiidn Odds ratio faust 1.25 F¢ 1.35 (P<0.01) (Table 9) Fauansiensiiiunany
inasduresmananiin 25-35% nafiuanudiiaresnisuaninuiniu dmasenmanasugRafiddy
dsunnsalauy Wesmndmmmanauinafausniidturisandununisuauiug anduauasmesnsua
feNsHaNAn wazantraviiansaaengn auiuanslaensAnymiaasegialag Meadows et al. (2005)
Waz Giordano et al. (2012)
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uon9nd wilafifidn MUN s flemanaufinadsusngeniualladisl MUN dunans (12.0-18.0
me/dL) Tneanlnainaendiedunisliuniidnu Tneiidn Odds ratio Aaus 1.15 & 1.16 (P<0.01) dadu
nsifiaTenavesnisnanfnlduszanm 15-16% aegdlsfnunisfisduresFualulasiaulylss
awduiusiunisanasuesauanysaiiufiansly esnauanunsalunsuiudilidifuemsi
Tusiugs uenanigedlmifuimsldsulusfuasdunlduiivsdsmansemudewlafifinnendanuvin
auna usianansaldan MUN Tunsnsaaaeunzanvanysaliugildalundlaun sysnuldfeanioy
wiunainalduazioduaimddyialunisinnisens (Laven et al, 2007)

Tuymenduiu wilafisl MUN g3 (>18.0 me/dL) Tutieiulviusd 590 uag 5-120 uandlomansuesii
Adausniisndnusladidl MUN Ununans Taefien Odds ratio faust 0.86 59 0.88 (P<0.05) Ui Aumsanasues
Anshazdulumssianin Uszina 14-15% Sauansinszsu MUN figaifiu 18 mg/dL dswaidiesioUszavsnm
nsduius uavaenndpetuTEUN oM 11i983 Hojman et al. (2004) uag Nousiainen et al. (2004)
ansnesunenalimedinefisinansenuvesy SefidaguaznoliiAnivlasnsadolwad duug
WoadlAa wazviourld (Moore and Varga, 1996; Visek, 1984) izé’ULLauImﬁaL.Lazqﬁaﬁqﬁu ldinIg
WasuwUasAn pH v8auagn andnsMsimuIvesiisou wazanauaansaluniseysenvoseaily
szuudunus inedeniaungn (Elrod and Butler, 1993; De Wit et al., 2001; Tamminga, 2006)
uenanimududunenluifiogedadinaromaiauly uazdnsnmsuisihvesiseulutsuaalndan
(Sinclair et al., 2000; McEvoy et al., 1997)
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Table 9. Odds ratios for first service conception success according to milk urea nitrogen (MUN)

groups during different early lactation periods in Tropical Holstein dairy cows.

Trait * Predictor * Odds Ratio (OR) 95% ClI p-value
MUN_DIM_5_30 MUN<12 vs 12< MUN <18 (Reference) 1.09 0.98 -1.21 0.105
MUN>18 vs 12< MUN <18 (Reference) 0.87 0.75-1.01 0.077

MUN<12 vs. MUN>18 (Reference) 1.25 1.07 - 1.47 <0.01

MUN_DIM_5 45 MUN<12 vs 12< MUN <18 (Reference) 1.15 1.05-1.25 <0.01
MUN>18 vs 12< MUN <18 (Reference) 0.91 0.80 - 1.01 0.132

MUN<12 vs. MUN>18 (Reference) 1.27 1.11-145 <0.001

MUN_DIM_5 60 MUN<12 vs 12< MUN <18 (Reference) 1.15 1.06 - 1.25 <0.001
MUN>18 vs 12< MUN <18 (Reference) 0.90 0.80 - 0.98 0.082

MUN<12 vs. MUN>18 (Reference) 1.28 1.13-1.48 <0.001

MUN_DIM_5_90 MUN<12 vs 12< MUN <18 (Reference) 1.15 1.06 - 1.25 <0.001
MUN>18 vs 12< MUN <18 (Reference) 0.88 0.78 - 0.98 0.023

MUN<12 vs. MUN>18 (Reference) 1.31 1.16 - 1.48 <0.001

MUN_DIM 5 120 MUN<12 vs 12< MUN <18 (Reference) 1.16 1.07 - 1.25 <0.001
MUN>18 vs 12< MUN <18 (Reference) 0.86 0.77 - 0.96 <0.01

MUN<12 vs. MUN>18 (Reference) 1.35 1.20 - 152 <0.001

" Milk urea nitrogen measured between days in milk (DIM) X and Y (e.g., MUN_DIM 5 30 refers to the MUN
between 5 and 30 days post-calving).

% 0dds ratios for <12 vs 12-18 and >18 vs 1218 were derived from the logistic regression model with 12-18
as reference group. The contrast <12 vs >18 was obtained from a re-leveled model using >18 as the
reference group to allow direct comparison. The logistic regression models were adjusted for parity, season of

calving, breed group and production level of cows.

uananil sefu MUN geonavsifednmalusfudendsnuiiliaugaluomis (mbalanced
protein-to-energy ratios) Feannsodamanenisvinnuressiliuazmsuangesluu (Jordan et al., 1983;
Sonderman and Larson, 1989) n1s@nuw1laeg Butler et al. (1996) Lag Garnsworthy et al. (2008) ¢
wandliiiuinlusiuluonsdiuAuannsaaneaduduressosluulusivamelsunaziuasuuuainis
WauwoadiAa Jsenadwansznuienunmvesliuaznisegsonvesiiseu nanszvuidsauveslusiu
Tuemsgenenisegsenvasdisaulasunisuanddiiiulunisnaasdlag Blanchard et al. (1990) uay
Dawuda et al. (2002)

NnransAnwansliiiiuiinisnsaaeusziu MUN egaiiate (Regular MUN monitoring)
msfudiunilswesisufualasunalunisdnnisslaun msnsiaaeusedu MUN derduisnsivinle
lunuuRuazlidmasuniuienigla (Non-invasive) dnsunsussilivaniuglavuinisiusiuuag
annsnsadnfussuutuiindundifogudldlaede UssAndamanuanysaliugidninluuladid
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AU MUN <12 mg/dL uagmsdnrialusivenmsivieglussauuunansinagisedssdnsaimnisaunug
voauallalngliinsenusonisuaniius (Sinclair et al, 2014)

dofimsananyuuesiiuasugia Snsnsiaufefind uiaAeadostusedy MUN fvmnzay
ihludnmsansunulumsnauiug anthavinamseaengn uasfiumssdntiiuunaeadisvedla nafiudas
nswauRnadusniidansluwilafial MUN f1 (<12.0 me/dL) Usvanas 25-35% diewssuiisuiuwilaidl
gAU MUN &9 (>18.0 mg/dL) anunsateliusendadunuegnaunndmsunisulauy fun1sansuyums
dorunmd apusnudmiumsdnmananauiug wazifiuseldvemhinantisinmasengniiduag

uenand AnuddyresnsaiseNaNnaszrnUsiulasndanulugasemslauy se
MUN #igs uenanléusdsedulusiudamfuuddaanunsaldved dednadrulusiudondasudl
wangan lunsnausumsiamshfuuaznsimuagasovnsiivzay nglansauanasening
druuszneulusiud geslduazeesluildlunszinizndn (Rumen degradable and undegradable
protein fractions) iilelfissyansnmnisnanLazUsyansnmmsauiugarlulauy

A3UNaN1INAAaDY

1. dndudsznsvesulauuiusvselaoaleaalmidagFolulanaulmiuadsedy i 12
me/dL AnduSesay 12-18 ﬂfcj@JﬁﬁﬁﬁWdN 12-18 mg/dL  AmduSeway 50 LLazmjmﬁﬁmqﬂﬂdﬂ 18 mg/dL
Feflindnuiunaesisauinganii 150 Yuuansdanguuslafisitgvuauinein Anduiovay 32-38

2. 3“%8Lsaiuiml,ﬁmiumuﬂwmmumﬂ‘mumuamwamaﬂivammmv‘uuauwm e uaste
Srunutunsenisnanin wordhrnsnaufnafun udlifarosuiuiursondmaunfun Sy e
lulpsiuluthuadishnt 12 me/dL umamﬂw\nmmuﬂaammmaumqumLLauamqmimammﬂmLiﬂ
figaianluleunsiusnseUnealeadln]

3. Jafeiidnarosedugdolulanaulutum Wi Ysinuhug wesdudlusiu Weddudluiuy
Srunuiuliiuy drduiies wazdiinaongn

YDLAUD UL

nsfnuniidunslinneiuazdidandeyanuiifedlussuy dallanuannsodidaluns
a¥anuduiusiBsanivg (Causal relationships) fidalausenineszdiu MUN wagamanysaliug wiin
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Relationships between Fat-to-Protein Ratio in Milk, Energy Balance and fertility in Tropical
Holstein dairy cows
Arun Chankrachang" Jatuporn Pongpeng® Pattarapol Sumreddee®
Abstract

Negative energy balance (NEB) in early lactation dairy cows significantly impacts reproductive
performance, with the fat-to-protein ratio (FPR) in milk emerging as a practical, non-invasive indicator
of energy balance status that can be routinely monitored through standard milk recording systems.
This study investigated the relationships between milk fat-to-protein ratio, energy balance, and fertility
traits in Tropical Holstein dairy cows to evaluate FPR as a practical tool for reproductive management.
Data were collected from 33,655 Tropical Holstein cows that calved between 2017 and 2023,
generating 212,072 monthly milk composition records. Fat-to-protein ratio was calculated from
monthly fat and protein percentages. Fertility traits analyzed included days to first service (DTFS), days
from calving to successful conception (DTC), and first service conception rate (FSC). Linear mixed
models and mixed logistic regression were used to analyze the associations between FPR at different
early lactation periods (5-30, 5-45, 5-60, 5-90, and 5-120 days in milk) and fertility outcomes. The
overall mean FPR was 1.195+0.326, with 77.26% of records falling within the normal range (1.0-1.5).
FPR was highest during early lactation (5-95 DIM), reflecting periods of negative energy balance. Cows
with optimal FPR (1.0-1.5) had significantly shorter DTFS compared to those with low FPR (<1.0), with
differences of 1.6, 1.4, and 1.1 days for DIM periods 5-30, 5-45, and 5-60, respectively (P<0.05).
However, FPR did not significantly affect DTC or FSC rates. Highly fertile cows showed higher
proportions of optimal FPR values (57.6-59.8%) compared to low fertility cows (52.3-56.9%) during
early lactation. Fat-to-protein ratio serves as a valuable indicator of energy balance and shows
significant associations with the timing of first breeding in Tropical Holstein dairy cows. Maintaining FPR
within the optimal range (1.0-1.5) during early lactation is associated with earlier resumption of
breeding activity. This study supports the use of FPR as a practical management tool for monitoring
metabolic status and optimizing reproductive performance in dairy herds, particularly for identifying
cows requiring nutritional or management interventions during the critical early lactation period.

Keywords: fertility, dairy cows, fat-to-protein ratio, energy balance
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Futeyalauunasvesddinmalulagdinmnisndnuadnd nsudadnl Useneume Jeyadnd (Juiin
sesuaneidenleaalnnBidon) Wiy drdiuvies deyaieiiuniseaen (Tuiirasnvosusazseunisliuy)
foyanisuauiion (Tuiinaundsanon) Toyananantiuy wavasdusznauiuy Tnedoyanananiiuy
gniuiindtoua 1 %t dndeyamamauiiesmedanestuiingdedAanssufintu Sdoyarumnysaiiug
ldlunnsdnunluadsd Useneuse stunuiunaendenaunsusn (Days to first service, DTFS) A28
Mndurutuseninsnisaaengniciufinauafusnndanaon Suaufuraeniewaudin (Days from
calving to successful conception, DTC) ﬁ’lmmmﬂﬁ?’]mui’uizmmmiﬂaamqﬂLLazi’uﬁmamaﬂuﬁﬁu
vioadaqiu LaYNSHALFANNNNSHALASILSA (First service conception, FSC) Lﬁu%agaﬁlﬂulﬁ 2 hUU
(binary outcome) s “1” winuilaldFunisBusuinfesniondsnisnauaiausnvdsnaengn vie “0”
ynualifnaInniswauniusn

N19R3ENTRYAAUANYTUNUTIINYATOYANINTTURANTIEY (RANTIEY ATINDI ARBAGN)
T¥wdninausinnudadmualu Bauban et al. (2016) uazdeoyanananuuu Usznaudae tufinuandn
thusmeiiou (Wedidudlutuuy uaziofidudlusiuum) Gagnifusiusiuussnamn 30 Yu aniud 5
A9 305 Sulsius (OIM) Tnsardndrulutusslusiuluiungndnadniuudasdufiniunsedon
(Monthly test-day records)

vndade (Fudsiv) fenvdearednunsiinundmsumsinsvimeada Tagldmuusidog iy
mﬂﬁuWﬁa:uaéauﬁ’umiﬁ%ﬁaﬁmmﬂm fruusau laun Adadiuluiusolusiuun aeuviag (Parity)'ﬂﬁﬂaaﬂaﬂ
(Year of calvmg) Lﬂaumaaﬂaﬂ (Month of calving) 91U Ul (DIM) mmsmﬂsawamammam‘wu@
Fail udtesd 1 8 10 dnnutunauedasnvdsaengnetteos 45 Su deyanandmineglugag 5-305
Tuvidanaen (DIM 5-305) LLmﬂqmwammulsuzuumaT:dimu”Luummaaﬂmmzazﬂflﬂmmaqﬂaamwaﬁmsn
dvznaves FPR lurrmasraendeniuauy saliug eil FPR luufl 5-30 wdsraen (FPR_DIM 5 30), Jufl
5-45 ndaAaan (FPR DIM 5 45), Tufi 5-60 ndsaaan (FPR DIM 5 60), Tu#i 5-90 dsaaan
(FPR DIM 5 90) waz Tufl 5-120 ndsnaen (FPR DIM 5 120) lnausiagszoziuuani FPR oonidu 3 979
(FPR<1.0, 1.0<FPR<1.5, FPR>1.5) wisnguasuvieseanidu 4 ngu e Woufl 123 uay >4 (Wy 9y
msnsznevestieya) ulnguiusmusziuaeidenleadlnidiBou (HF) senidu 3 ngum iy Buaban et al.
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(2021) fi® HF<87.5%, 87.5< HF< 93.75% wag HF>93.75% uusnquiuliiuu (DIM group) sanidu 30 nqu
Ay 10 Ju (Wu $ufl 515, 16-25,.., 296-305) qeMariraengnuiseenidu 3 g (agou: fhnm-liquiey, qg
AU NINYIAL-AAIAY, §YUUI: WOATNIBU-NUNTUE) ANal Buaban et al. (2016) lnggianainisnaengn
nsgaenannied Tadalvnjrnengriluggiu (385 %) museggvum (32.8%) uas go3au (28.7%) dxnlvg)
ARama LA UAUNEY (10.9%) nanea (12.8%) waednieu (11.0%) uay Sunau (8.3%) vdndeyafiiaund
(Outliers) vesdnuauziianlafies Standard deviation (SD) (audeyafifirnfindt wiegenind1 Mean+3sD)
yhmad ewlosyad oyanandauu uesteyanuanysaiiug femnsarszsiila wasdiuriod
yadoyadeineniendsnssuiunsnuauaua i uulaiadu 33,655 i1 Tnsduuteyanandntiu
sielanowinty 5:3.2 Jufin (2-12 Sufin/if) Tassadrevesdoyaitlilunsdinuds Table 1

Table 1. Descriptive statistics of the dataset including herd characteristics, fat-to-protein ratio

distribution and fertility traits in Tropical Holstein dairy cows.

ltem * Value
No. herds 865
No. cows 33,655
Parity 1 (%) 29.53
Parity 2 (%) 23.44
Parity 3 (%) 16.97
Parity >4 (%) 30.06
No. records of fat to protein ratio test day 212,072
No cows of days to first service 26,154
No. cows of days from calving to successful conception 29,115

ASAATIZANIIEAR
anulaslesvastaseiionadunadamdndulviuuaselusiuu
Apzvidadefienvdmadoadndiulaiunuselusiiuuy frelueadadunay (Linear mixed
effect model) JadefidnwiUsznausie fuussau (Covariables) vosUsinaninaluSunnaay (Test-
day milk yield records) wWasiduluduuy wasiUasidudlusfiuun fuusdnngu (Categorical variable)
lawa naudruawiulyiug (DIM group) d1fuviad (Parity group) NquW1g (Breed group) ﬂﬁﬂaaﬂgﬂ
(Year of calving) uazggnIafinaongn (Year of calving) ddusiauusdululuiaa ldun ngunisdanis
WAeAu (Contemporary group) %anWﬁu—ﬂﬁﬂaaﬂ@uﬂ—LaauﬁlﬂaamQﬂ (Herd-year-month of calving)
avswavasArdaduluiuunsalusiuuusanuaNy salNug
ns1ednsnavesadndiuluduusdelusiuun (FPR) sienuauysaliusluwdlauy lnevinns
Tiasrzvnenluwe azv 19T uluuvasmasna (FPR DIM 5 30, FPR DIM 5 45, FPR DIM 5 60,
FPR_DIM 5 90, waw FPR DIM 5 120) dwi¥uusazdnvazauauysaiiusiidng
Suauiunasndwaundusn wazswIutunaendenauia
Anevidnsnavesadadiuludunuselusiuuy (FPR) domduauysalwug luudlauy laun
$utunaeniwanadausn (OTFS) wazsuiutunaaniwanin (OTC) felunaidadunas (Linear
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mixed effect model) Aveudsnisnageulaunadinuizay Jaseasdl (Fixed effect) Tuluwna Taun
Anadsvesdndnlusiuuuselusfiuun (windu 3 ngu fe FPR<1.0, 1.0 <FPR<1.5 , FPR>1.5) ddutios
(Parity group) uaznguIUS (Breed group) 193w (Random effect) i viu-Ufinasngn-iieud
AfeAgn (Herd-year-month of calving) §yazoui1n1uLANE19909N159AN1TWIT L Saudadade
ANNWINEBNBY wazALAaIALAABY (Random residual) lagdnsnagy aunsaesurgaunususiu
yoardann IRaus 14-30% uay 17-23% 193nnuuUsUTIun mund mius vyt uraeniwauasausn
LA IUILIUAADADINENAR MIUAIAU

nMsAsIzvnIeliealTuduNanltid Restricted maximum likelihood (REML) Tun1suseunu
mwwsmmaam& Imed package (Bates et al., 2015) Tulusunsu R (R Core Team, 2025) NadauA1y
LLG]ﬂGl’NGU’eNﬂ’]LQaEJiu‘VI’JNﬂa?,JWJEJaﬂ@ F (F-statistic) sw&muawﬁwa%aq{jmwaulﬂusmwwmmLaaa
Least squares mean (LS means) USUA1 p-values #1875 Tukey (Tukey adjusted p-values) lag/ld
emmeans R package (Lenth et al., 2018) fuaduddyn1aadffisedu 0.05 (A=0.05) NM3599n13
oA NTIATILNADAFINTTUUT NITILATIEVLUAS AITNAABUADARII) WAZAITATIILNUAN
mé’f&ﬂﬂmﬂimwaﬁﬁﬁwLifmJ R (R Core Team, 2025)

ﬂLumﬁmewawﬁwamamwammulwuum&faiﬂiﬁuuu AofuILTUAADAT IHENAT SN
wazsuuunaeniauin Welaszinenanads FPR luusazaienisiiuuvdsnaon luiuliuud
5-30, 5-45, 5-60, 5-90 Wy 5-120 I%Laww%’aagaaﬁ’wmui’uﬂaamﬁmam%LLiﬂ LATIUILIUAR DA INEURR
agation 30, 45, 60, 90 way 120 Ju JulUnmaEU W Havessey FPR wadluiuliuadl 5-60 awdnnses
LQWW%%@%@RT’W?U’?UF]&aﬂﬁﬂwﬁj\lﬂ%’jﬂLLiﬂ LagsnnuTunaeniNaEn s 60 Jutuly WHudu walite
aneARraIn1sUsEIUABNSNaYes FPR sio DTFS waz DTC (W nM3itnsizidiszesliuud 5-90 Su
funnALeay FPR vosriuilliuudausdsudl 5 81 90 fady A1 DTFS %30 DTC fivnd 90 Ju 1y 45-60
Yu lilfiAnanaauesdn FPR dausd 61-90 Yu Fesameglumdnuiniede)

SasnsuauAnaTaLsn

Jinszimnudngavesnsnauinainmsnauasasnlagld Mixed effect logistic regression
models lagld Imed package Tulusunsu R (R Core Team, 2025) daunusaululunaldigufeadiuiu
AFlunsimseisiuiuTunaentwaunsiusn (DTFS) warsiuiuSunasnianaudia (DTC) S99 1UKA
feAn Odds ratio (OR) Wiemaudeules (Association) szmminstadefiaula Fhuusdvw) wasniswaufin
ﬂ%ﬂLLiﬂ%ﬁx‘iﬂaaﬂ@Jﬂ (191 OR VoI IHALANlUNGUNAADS Lﬁam%mﬁauﬁ’umjmmuqu Ao dndIuUDIA
Odds veanIsHaudalunaunaass sie Odds veenisnaudalungualIuAy tag Odds ATUINAIN

! a ¥ ! ra p .
ANzl SHEALAR (p) maargauuaviduvesnswanlidn (1-p), Odds = T Yarandi
-p

and Simpson, 1991; Goldstein et al, 2002) Ingd1 OR >1 vandiansiialenia (Likelihood) ¥83n13
nauda (@anudeuleadauin wie Positive association) d@ue OR <1 wansdslonanisnaufniianas
@nudoulondeau n3e Negative association) A1 OR = 1 wansinlifinnnudesleaseninadade
Fawlafiunisnauin (No association) ¥nsnaaeuiiuddyniadfvesusazdvdnasie Wald test Ing
Tt wald test) Tulusunsa R (R Core Team, 2025)
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wonani Fnseseianlusdazyasnisliuundsnasa (FPR DIM 5 30, FPR DIM 5 45,
FPR DIM 5 60, FPR DIM 5 90 uay FPR DIM 5 120) Inssmuslilalungy FPR>1.5 1usyduéneda
(Reference level) tlav1 OR veamsuanAnlulanguiifisesiu FPR<1.2 WailSeuifisuiunguiifisesiu
FPR>1.5 (Reference level)

NANISNAABILAZINT

1 Andndulutiudalusiulutug wazanuauysaiiugluwlau

Alady (xSD) vesdadauluiuusselUsfiuus (FPR) mndeyariavun winfu 1.195:0.326 Tnedien
Arwanysaiiug Iiun S1unufunaeadwaundusniode 93.5+32.4 fu S1uauturasniwaninede
171.8+87.8 YU uwardnsIn1snanfinasusn 38.8% uagnuittoya FPRvosunlauuiioglugas
1.0 <FPR<1.5 Wounin 1.0 uazu1nnin 1.5 Anwdu 77.26 15.79 uag 6.95% auadiu (Table 1) dauen
daduluiuunselusiuuy wazanuanysaliugiuunauaduriosansly Table 2 wag Table 3

Anadever FPR dnilvnjeglutie 1.0<FPR<1.5 Farrdndulvsiuuuselusfiuunsening 1.0
f9 1.5 ferdurniugiu Feansdeanniznsaisinenunilulauileadlng luvasiiadadouluduu
solusiuuufioguanandsifimuiedestunisfnauiaunfvesuniluafuuazaunm dain
Antulurramslunszezusn (Toni et al, 2011) uazilallauuiiian FPR 170037 1.5 $1u3 6.95 %
Gerndadaulutunsdelushunsndsaasaiiunnd 1.5 Juisdfenmemanandsuniafinn g
nEauIRALAR (Heuer et al., 1999) Tnsndsnumnaunainrunisdostuuimalufuuuiiifiniy
dHemnnsamaidiadeluiy waglunanfeaturnmslinseesilufifisdudmiunsainenglaglnl
uazmsdannyilusiugauviddadumasnsnozilundndmiumsdaunseilusivunianas Failug
nsanasesmuduvestusiuul (Jenkins and McGuire, 2006) Fsusilaundisien FPR anandn 1.5
wwfinrudssionneAlada Displaced abomasum nai-lusild uw wasiiuusniauifindu (Toni et
al,, 2011; Buttchereit et al,, 2012; Heuer et al,, 1999; Jenkins et al., 2015) uardiuslauuiiiian FPR
ffond1 1.0 $1u 15.79 % Geadndulusfuunselusiuuimdsnaeniitioonin 1.0 Ustdausilauy
faudswionnenssmgmindunsauuuAadsundufindu (vilot et al, 2019) nsuAntuNanas
aunmvesulausldsunanssny wazenasniudosdndiseanaingeuauann ulausaengaiuamis
nMafAsndeaardiag warllenisvioudeidnios lnefidnuazgannssmar Jsursaiaerafivlasainia
mdesgaanlunisialsadonislu 60 fundsnasngn denznsuimevinidunsedudoundy
fniAntutesassludnunededomnnnindueinistansnsuiumanlusunsunisliemslunisy
1AuY (Hayton, 2012)
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Table 2. Fat-to-protein ratio by parity in Tropical Holstein dairy cows.

. First stage (5-95 DIM) Second stage (96-215 DIM) Third stage (216-305 DIM)
et Mean  Min Max SD Mean  Min Max SD Mean  Min Max SD
Overall 1.22 0.23 2.24 0.34 1.19 0.24 2.23 0.32 1.18 0.24 2.23 0.31
Parity 1 1.21 0.28 2.23 0.33 1.17 0.25 2.23 0.32 1.17 0.24 2.23 0.31
Parity 2 1.22 0.28 2.23 0.34 1.19 0.26 2.23 0.32 1.18 0.24 223 0.31
Parity 3 1.24 0.27 2.24 0.35 1.20 0.26 2.23 0.32 1.18 0.27 2.23 0.31
Parity =4 1.23 0.23 2.23 0.35 1.20 0.24 223 0.33 1.18 0.26 223 0.32

" DIM = days in milk

Table 3. Fertility by parity in Tropical Holstein dairy cows.

‘ Days to first service (DTFS), days  Days to conception (DTC), days First service conception (FSC)
et Mean Min Max SD Mean Min Max SD Mean Min Max SD
Overall 93.5 a5 175 32.4 171.8 46 400 87.8 38.8 - - -
Parity 1 94.5 a5 175 329 182.2 a6 400 91.0 36.3 - - -
Parity 2 933 a5 175 32.5 174.9 46 400 88.9 37.3 - - -
Parity 3 93.4 a5 175 32.5 166.7 a6 400 85.9 40.20 - - -

Parity 24 929 45 175 31.7 163.3 46 400 84.0 41.2 - - -

2. Jaseiifinanaadnaulusiudalusaulutium

nansiaszitlasefidsninase Amdndulutuuudelsiuuiiolnszdrelunalduduna
(Linear mixed effect model) wuq Usunaiuslusunaaou wesidusdlaty wWedidudlusiu
naudwuilitu duvios Iiieaen uazagiiraen Tevnasior FPR etnsiitudifey (P<0.05) (Table 4)
TuU53ANFLUsIIM (Covariables) Wuinnnsiind uvesUSuaunsiesy 1 Alandy dewalsk FPR fien
WuTY 0.0001 (SE=0.00003) Tuvausfinsifiud uvesUosidudloty 1% vilw FPR SAnfiudy 0.329
Tumansafudng nsiiuturesdesifusTusiu 1% vl FPR fidianas -0.381 (SE=0.0003) (Table 5)

fomzué’mWuﬁ‘ma'wﬁﬁué’uﬁugmmq%ﬁmmsuaﬂﬂ'w FPR Iugm3&1’3ﬁa%ﬁmum5&mmamL%amim
Feuansginssandnuiiug uazan FPR axieuliiiuinnguudlauuiilvinandngeasmda anuime
mawmluadudsnmandaihuufiisuinduiusfun1suinndaauigetu (De Vies and Veerkamp,
2000; Friggens et al, 2007) Audouloadsuinuasan FPR duesifudlusunazanudonloadsay
fulasidudlusiuaennassiunisaangledudiseslusianie wagn15anasweanisdaunsieilusiy
91NAUN3E (Microbial protein synthesis) Tutafiv1andsa1y (Komaragiri and Erdman, 1997)
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Sduvien (Parity) Sinansenusia FPR agnaflifuddy (P<0.0001) Tnsusllauniisusnuassiosiiaes
fif1 LS means An7 (1.197+0.0002) lowFeuisuiuudlauaiosil 3 wagvinsiiganin (1.198£0.0002)
(P<0.05) (Table 6) Gsaonndasiu Cabezas-Garcia et al, (2021) 516971U31A1 FPR v0suslaunfinass
grvianeadsdiamduiusifeauiuaunandsan (Energy balance) snnindlaiteutuuilausiiaaongn
afausn esnnudlauufinaengrvansadslinandniungenirdainnnendsuraaugaunnii
uananil wuwansznuvesggnIaneni FPR Insuslauui aaenlugg fouuanidn FPR 7geni
(1.198+0.0003) WeiUFsuiisuiuusilauuiinaongnlugguu (1.196+0.0003) (P<0.05) Fainazazyiou
fellgmiliAnananuiaienainanasou (Heat stress) lutasggdouse

Table 4. Statistical significance of factors affecting fat-to-protein ratio in Tropical Holstein dairy

cows analyzed using linear mixed-effects models.

Variable * Significance 2
Daily milk yield (kg) P<0.01
Fat percentage (%) P<0.0001
Protein percentage (%) P<0.0001
Days in milk group P<0.0001
Calving year P<0.05
Calving season P<0.001
Parity group P<0.0001
Breed group P>0.05

! Linear mixed effect model was used to determine factors affecting fat to protein ratio (FPR). Fixed effects in
the model included covariables (regressors) (dairy milk yield, fat percentage, and protein percentage) and
categorical factors (days in milk group, parity group, breed group, calving season, and calving year) while
random effect was a head-year-month of calving contemporary group.

NS = effects were not significant (P>0.05)

Table 5. Estimates of regression coefficients (+SE) for the effects of dairy milk yield, fat

percentage and protein percentage on fat to protein ratio (FPR) in Tropical Holstine

dairy cows.
Variable Estimate of regression coefficients * P-value
Daily milk yield (kg) 0.0001 + 0.00003 P<0.01
Fat percentage (%) 0.329 + 0.0001 P<0.0001
Protein percentage (%) -0.381 + 0.0003 P<0.0001

" Linear mixed effect model was used to determine factors affecting fat to protein ratio (FPR). Fixed effects in
the model included covariables (regressors) (dairy milk yield, fat percentage, and protein percentage) and
categorical factors (days in milk group, parity group, breed group, calving season, and calving year) while random

effect was a head-year-month of calving contemporary group.
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Table 6. Effects of parity and calving season on fat-to-protein ratio in Tropical Holstein dairy

cows. (least-squares means).

Trait LS means SE

Parity

1 1.197 ® 0.0002

2 1.197° 0.0002

3 1.198 ° 0.0003

>=4 1.198 ° 0.0002
Season of calving

Summer 1.198° 0.0003

Rainy 1.197 % 0.0003

Winter 1.196 ° 0.0003

! Different superscript letters in the same column indicate a significant difference (p < 0.05).

3. drdadaulvsiuselusAuluthuudeaunandsuluwilauy

3.1 aaunsaiwilauuiiinnnzndesurnsuna

Fioure 1 WAMINT3NI¥AERIv83A7 FPR aaanszazn1shiuuiiunnsiaiusausdaadunisliua
ufla 300 Sulviuy (DIM) Ui FPR sedugean (>1.5) indulugasfumslium (5-95 DIM) Ssawiiou
fat919819090 1NN UVINALA AT UL 4R TADARdBITUN15T189LYBY Buttchereit et al.
(2010) finuiradadrulasiuuuselusiuundaigegalurresnisliunszesusn adudrefidnisea
WEIUINTIEA WazABAAdBITUNITINBILYBY Jorritsma et al. (2003) finuinnzndanuuInauna
ffnazaseglutg 6-12 dUaminsnuesnisliun uazazfegngsgaiiuszana 2 dUmvivdsnaen Butler et
al., 2006) FuinaInAnufesmandsnudmsunsuaniualuaddsdumnndndsnuilds
INDWT
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Distribution of Fat-to-protein ratio (FPR) by days in milk groups

FPR <1.0 = 1.0 <FPR<1.5 = FPR>1.5
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80 = = = =
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Figure 1. Proportional distribution of fat-to-protein ratio categories throughout lactation in

Tropical Holstein dairy cows.

3.2 msiasuulasvasdndauluiuselusiivluihuunasasseznisiviuy

Figure 2 WansALade LS means 9a9AFPR nasaszeznsliuy Tnewuinan FPR finmswasuudas
ogedimaumungafillsiun (DM group) Tnedn FPR geamiAndulugasumisliuy (595 DIM) fissdugendn
1.20 1ntudes anastutisnananisliun uasiirgseduiiadeslugas 150-180 DIM deufiagding
dutudntoslugisuansnislyiug (280-305 DIM) mawdsuuUasiidudafigaiatulugag 90 Juusn
yoamslviu Feaananiaenadostudisfiudlauslsrauiuniendsnunnaunaunss

Figure 2 wandlmiuiaiineassinevesaauznasuluudlauudisivaundinasnognadniay
Tnoildn FPR figsgaluraasunisiviu (5-15 DIM) aenndesfutisfiinnngndsnuinaunagulsiiign
fiuszanns 2 dUavividsaaen (Butler et al,, 2006) 6‘3@L“f]umammﬂwé’mummam;asdamé’qﬂaamﬁLﬁmmﬂ
wileusldannsaususmlidfuanudosnsndinuuazansemsiinduanmsudmigluysun
1ty elugas 3 dUaiusnvdsrasansiuldvesulauasindy wiegrdlsinunshulaiiudy
Tuszozd dldaunsalindsnuldifsmetuanudssnisvessresnieiigeanisldiitenisadradug
Fufiutuetrandalussesd uazer FPR fgsazvioufsnsaanglusiudiseslusianie emivayuy
msdanrgiiluiuuy Sufunsanasuesnsduaseilusiuuniesnmsuanglaadmiunisadn
waulwe Ul (Buttchereit et al., 2010)

n15anadv89A1 FPR 981ind uag1erosidudesluaindaedugdasnarsnisliuy uansds
mMswdsuriuvesialausainanendsnurnaunalugndsnuiuauna Jsanmgndanuveusilauy
niinaonizAouna wazednduluiuuisolusivuniinnltuanamussevnaesnsiuniiiiaty
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(Savic et al,, 2013) iissanndsuiildsuanmsiuldveswdlauuunnimdsuildduiunsnan
thuy naAsusuilaeiluiAatusesning 50-100 Tulsua %qeﬁuagﬁ’uﬂﬁamﬁmms WUFNTIU Uay
annuInasy (Butler, 2003) N1s5ildgsn Ine9A1 FPR Uszunas 1.19 Tuyienananishiuy (150-180
DIM) wanslsfiiuderianatvesmiuaunaveuun ludduainmsldfundanuiiannsoneuauss
AAFBIN5TIVBINSHANTULLAY S5 TaRlA AT Y Fasonndasiu Tayler et al. (2003) fisnBey
Tulaundnnsaanglududiseswositsnedslussesdonldinauiuds 20 dUasidegndugnne
naeuAuaNna (Positive energy balance)

Least-squares means of fat to protein ratio across days in milk
1.2050

1.2025
1.2000

1.1975

Least-squares mean

1.1950

Days in milk

Figure 2. Lactation curve of fat-to-protein ratio in Tropical Holstein dairy cows (least-squares

means + 95% confidence intervals).

Seduunauggnianasaduansly Figure 3 Tnenuanuuusiunuggniavesgsuuual FPR
naonszazmsivus Inswllauniinaonluggniasisy (q93ou qerlu wavgguu1) szuansguiuue FPR
fumneinefu uslleusdinaesluggiouuansa FPR gegaegasiauenasnnsliuy duwilaundinaon
Tugguuniuansan FPR e uazualauniinaenluggiunaniaissninangugefounazggvun
91n3UUUY FPR Sruunmungnianaen azvieufisnanssnuiididguesaninuindensenisiuniludds
wagn1sudnvaslaunluluniou a1 FPR figendiedsasiansluwilauuiinaoalugg Youysd
AranesenanAnseurlfanurmemasmluagilutisunsliuagunssi

mmessaanANLfeulinassmyluaduvesslauus nvaneidunaiinansenulagnses of
FPR Insgangiuandouiiged uagsdwmaronsannisiuldvesulauy duhlinngndsnunnauga
Tuthafunisliuuguusstu (West, 2003) ansedonnaufeudidmanenisfiuaudosnisndsmy
dwsumsisadinfiensmugugamnlisnane Tuvarianussansamnsldansomsdmiunndn
thu (Karimi et al., 2015) uazanauiduduvestusiiuuy (Chen et al, 2024)


https://www.sciencedirect.com/science/article/pii/S0022030223012122#bib31
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Least-squares means of fat to protein ratio across days in milk
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Figure 3. Effect of calving season on fat-to-protein ratio throughout lactation in Tropical

Holstein dairy cows (least-squares means + 95% confidence intervals).

a. andadauluiudelusiuluhusdearuauysaiiug

4.1 S1uIuTuUAREABIWENASIUSN

NAYDY FPR A od1uduTunasndswannsansn Tnsusnitnsizvilunnazy 9 Tulsuy
(FPR DIM_5 30, FPR DIM 5 45, FPR DIM 5 60, FPR_DIM_5 90 uwaz PR DIM 5 120) wu31e1 FPR
Tugrsdunisiiunfinansenuse DTFS egnafitfedday Tnemmzngly 60 Juusnmdsnaen wilauufisiad
FPR Tusesumunzay (1.0-1.5) fisruiuTunaenianaunssusnduniudlaundiien FPR @1 (<1.0)
(P<0.05) Tnetanizuylauudi e FPR lusysumunzauilan DTFS Aiveenin 1.6, 1.4 uay 1.1 Ju
dlawSeuiisusuudlaundisian FPR 6 Tutae DIM 5-30, 545 uas 5-60 aaey wazlinuamnuuansng
ogslitfddysevinaullauiian FPR wanzasuazulauuiiien FPR sefuge (>1.5) (Table 7)
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Table 7. Effects of fat-to-protein ratio during early lactation on days to first service in Tropical

Holstein dairy cows (least-squares means).

FPR<1.0 1.0 <FPR< 1.5 FPR>1.5
Trait P-value
LS mean se LS mean se LS mean se
FPR DIM 5 30 88.49 ° 0.55 86.89 P 0.38 87.78 0.59 0.025
FPR DIM 5 45 88.73° 0.49 87.35° 0.32 87.80 0.50 0.032
FPR DIM 5 60 95.39 @ 0.47 94.28 ¢ 0.29 93.65 °© 0.48 0.021
FPR DIM 5 90 114.11 0.44 114.30 0.26 114.15 0.48 0.899
FPR DIM 5 120 133.40 0.38 133.01 0.21 133.32 0.44 0.569

! Fat-to-protein ratio at different lactation stages. DIM = days in milk. Different superscript letters in the same

row indicate a significant difference (p < 0.05).

uansAniTlFuie FPR idnunuargunnusdfannuliaugaveasmlud@y (Metabolic
imbalances) fvhlyn1snduanyieuuesiltand wagan FPR fisunn (<1.0) Uatdsusdleundamdes
sonnenspimgvsindunsauuui adounduifindu (vilot et al, 2019) o19aziouansvinlusiu
ogsuussdensldfundsnulidiose dunmenssngnindunsauuuiadeunduszuanseanlugy
Yoen1siuesitosuioidsuutadly mandaiuniitosas azuuusnaniedivias wiiegldsu
nEuiisane) SnmnisAaiisfigelu ennsosiadlinsivang goinisaiveanneduiiufigady
wazUsinalusiuluiiuniisnas (Nocek, 1997) FedwaldosoniaquainuasssuuduiugvesusTaus
Tuvaurdin FPR g9 (>1.5) Taerlutsdfanmendsnuneaugadunisaanslusfufiinniiuly (Excessive
fat mobilization) (Heuer et al., 1999; Podpecan et al,, 2013) lngszauaudutuvenglaglunsviadon
lugnngndnuvinaunalziaianasedaiivedAguaziinalagnseseauanududuvenglaa
luvosnanluneadiAa (Martin et al., 2008) ﬁmaﬁﬂﬁ‘ﬁuE'i‘lmiL"\]‘%iyjLa‘UIGIGU@QI@I@l%ﬁLﬁ@Q%Wﬂ%W@ﬂQIﬂﬂ
Felfduumamdsny manemdsnundinaeavililiiiansanlidsomagiannaiedugailuidly
wazdinansgnusensinnuvesaeitiagiiion uardwaiinanansesluulsaamelsu fsannsmail
vl eyungnldfinadsuutanissuiaasmsvienlutnissauaiausnvdanaen uasiinailid
seannundenneluuagndsdniusontsiliivessingou vilvinsidnguosngnartmdsnaoauas
Juanmsmdnvesnsiiauagnaniauluels (Rossi et al,, 2008) wazn1zna U Inaunadanayitliiin
Bsemasmluandafetosiulsandsaaonmaisetng Wu snfne uagndniay Weyurgnsniay Whuusniay
Displaced abomasum wazn1gAlada (Ingvartsen and Andersen, 2000) laga14a1 FPR 51114
1.0-1.5 Faduszduiiminzauazuanafangndsnuaunanieaniuzunluadui aunad ailug

salac

ﬂ’)’]iJﬁiJi\inﬂ:lﬁUﬁVlWUu

]

4.2 FUIUIUAADADINAUAN

Naved FPR Ao uiuiunsendawauiin 393nsgsinenlundazyaeiuliun (FPR DIM 5 30,
FPR DIM_5_45, FPR_DIM_5 60, FPR_DIM_5_90, wag FPR_DIM_5_120) nafildnunsafuduusadns
94 DTFS Tagnudn FPR lunndasdunisliualaiisvdnase DTC (P>0.05) (Table 8) nan1s@nunil
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tuiudii FPR axiidvinadesvzinaesnisnauadiun wienafinansenuesnivonud i
Tunmsdariaslnesidosunmsaniionnd Adorainnndnumesnainvesaunandsnunasanisliu
FsAn FPR Turaadumslviunenalilanansaviunsaussougnnsauiuslutimdsls Wewdlaunudsuain
amgndsnuveaunailundsuiuauna (Butler, 2000; Jorritsma et al., 2003)

Table 8. Effects of fat-to-protein ratio during early lactation on days from calving to conception

in Tropical Holstein dairy cows (least-squares means).

FPR<1.0 1.0 <FPR< 1.5 FPR>1.5
Trait 1 P-value
LS mean se LS mean se LS mean se
FPR DIM 5 30 164.92 1.64 161.84 1.12 164.21 1.77 0.174
FPR DIM 5 45 162.33 1.45 162.25 0.94 164.23 1.50 0.463
FPR DIM 5 60 166.79 1.43 167.80 0.88 169.16 1.49 0.482
FPR DIM 5 90 186.57 1.46 186.55 0.86 189.21 1.58 0.278
FPR DIM 5 120 212.75 1.56 211.15 0.88 210.69 1.79 0.581

! Fat-to-protein ratio at different lactation stages. DIM = days in milk. Different superscripts letters in the same

row indicate a significant difference (p < 0.05).

4.3 SaTIMSHANAAASIIN

Han15ILAT Iz o NS wavesa1 FPRIuLm azy19n19liunvasaasa (FPR DIM 5 30,
FPR DIM 5 45, FPR DIM 5 60, FPR DIM 5 90, uag FPR DIM 5 120) sion11ud1i§avesnisuayfn
ANNSHANASIUSA §9T1AT18H A28 Mixed effect logistic regression analysis La¥318UNAREAT
Odds ratio (OR) nawuglaiimnadenlesegediteddysenined FPR TuthsdunisTiuudusnginis
NEuRnASILsA A1 Odds ratios dwsunguan FPR wavalngiAes 1.0 Tnedl 95% Confidence intervals
finsauagu 1.0 (Table 9) Feusddlif At ouloafifidodiAyszndng FPR Tugaadunisliu
fupnudnsslunmssaiosanmsnauasausn Tnefidadenarsegiiiortetumudisalunisiaie
g silfaded uuenmionnaunandsaulugsiunsliug lud siugnssy msdanis uazanuuysiy
vouallauses fidunumdfyserudidalunissaies (Chagas et al, 2007)

UDNIMNNITIATITYINANTENUYDIAT FPR siaauauysalnugluwilauunaenyiaiunisiiuy
w§naands 120 T) Idhn1sTeseddi ufudi onsiaaeunisidsusatuuunainuesni FPR
paonen1suITmundeaussaugn1sAuRug Tnsiinseidvinavesdn FPR dausidianansauds
gr9Ua8n151Fun (DIM 121-150, 151-180 uay 181-210) wanuin lawuadnuid onlesszwinedn FPR
ffunuasysaiugita 3 dnway (DTFS, DTC way FCS, laiuanana)
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Table 9. Odds ratios for first service conception success according to fat-to-protein ratio groups

during different early lactation periods in Tropical Holstein dairy cows.

Trait * FPR Group Odds Ratio (OR) 95% Cl p-value
FPR_DIM_5 30 1< FPR <1.5 (Reference) 1
FPR<1 1.02 (091, 1.14) 0.746
FPR>1.5 0.98 (0.86, 1.12) 0.754
FPR_DIM_5_45 1< FPR <1.5 (Reference) 1
FPR<1 1.06 (1.06, 1.17) 0.262
FPR>1.5 1.01 (0.90, 1.12) 0.927
FPR_DIM_5_60 1< FPR <1.5 (Reference) 1
FPR<1 1.07 (0.97, 1.18) 0.174
FPR>1.5 1.04 (0.93, 1.16) 0.492
FPR DIM 5 90 1< FPR <1.5 (Reference) 1
FPR<1 1.03 (0.93, 1.14) 0.543
FPR>1.5 1.04 (0.93, 1.16) 0.526
FPR DIM_5 120 1< FPR <1.5 (Reference) 1
FPR<1 1.03 (0.94, 1.14) 0.508
FPR>1.5 1.06 (0.94, 1.20) 0.322

"FPR DIM_X_Y: Fat-to-protein ratio measured between Days in Milk (DIM) X and Y (e.g., FPR DIM 5 30 refers
to the fat-to-protein ratio between 5 and 30 days post-calving).
® The reference group for the fat-to-protein ratio is 21-1.5. The logistic regression models were adjusted for

parity, year of calving, season of calving, and breed group.

5. navassndndaulusiusalusiuluthuuselafifiausuysaiiuggeuase

Table 10 uansHan1sNIEANERA (Wanudu %) vosdn FPR 71 3 nqu (<1.0, 1.0<FPR<1.5 uay
>1.5) Wisuiiuseninangulafiiianuanysaiiusgs wazen lasfiansanauauysaliuggms o
Mndnnuunaeaiwannausn (OTFS) (“lafifiruaysaiiugas vide Top cow” fmualiiian DTFS
#1n71 60 T, “Iﬂﬁﬁmmaugmﬁﬁuﬁ:ﬁw %38 Bottom cow” AuuUAl¥dA1 DTFS 11nn31 120 Tu) way
F1urufuraenisaania (OTO) (“lafiflanuanysaliugga 3o Top cow” Amualiilen DTC And
120 Ju, “Iafifiaauanysaliugai w3e Bottom cow” Avualsidan DTC u1nndn 210 Fu) 5Iufs

]

AHENY TlTUSLae TN (WR1541919A1 DTC wagnsWaufnAsswsnviasnaen lag “laniininueauyseinug
1

lngsIuas %38 Fertile cow” Avunlinaufnaseusnudinaennigly 60 Ju d “Iafiliauysaliug

]

%39 Infertile cow” Muualndulanuauassnlifin waziszezaInNsNaLRnnaIRasauIunIT 350 Tu)
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Tabe 10. Distribution of fat-to-protein ratio categories in cows with high versus low fertility

performance during early lactation (5-30 DIM).

ltem Percentage of cows Percentage of cows  Percentage of cows
with test-days FPR<1.0  with test-days with test-days FPR>1.5
1.0<=FPR<=1.5
Days to first service
Top cow (DTFS <60) 21.6 59.8 18.6
Bottom cows (DTFS >120) 24.7 56.8 18.5
Days to conception
Top cow (<90) 23.0 57.6 19.4
Bottom cows (>210) 24.2 56.9 18.9
Fertility status (DTC+FSC) *
Fertile cow 224 57.8 19.8
Infertile cow 26.0 52.3 21.7

! Fertility status based on first service conception and days to conception: Fertile cow = cows that conceived
with first service within 60 days post-partum; Infertile cow = cows that not conceived with first service but
conceived after 350 days post-partum.

MIBATINNITNTTIAIVOIAT FPR serinawllandinnnuanysaiiugasuasanneliiuguuuy

'
a o w I

NeéAny wilandianuanysaliuggs (ngu Top cow wag Fertile cow) ddndiuvasen FPR Mwsnzay
(1.0-1.5) ganTudailouisuivudlaidanuanysaliugai (ngu Bottom cow Uag Infertile cow)
Ao Tugae 30 Tuwsnudsaaen wilandlanuadysaliug gl 91Uy 57.6-59.8% ve1loya
agluy9 FPR Nwingay Wiguiieuiudnuam 52.3-56.9% dmsuusllanidauasysaliuge
‘:Q{J I -'-N'd 6 o 6 6 7 1 1 r-N' 1 gj

wenand uillafimuanysaliugauansdndiuvesen FPR ldwisnzan (M <1.0 wag >1.5)
gandmasanisliuy Tnanzlutisruianaienisiiug nainuiiiinnueseafsiunaenssegnisiiug
Menaniu Toglangdisiuaunaginatsvainisiiug (Figure 4 uay Table 11) Uwuuilafuayuauuiigiu
A ) | v | A ~ = ) &4 o saaL
17133 wen FPR Tiegludrenminzauiinnuieulesivaussaugnsdauiiug nadu (Paura et al,,

2012; Mantysaari and Mantysaari, 2010)
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Distribution of fat-to-protein ratio across days in milk among Top and Bottom fertility
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Figure 4. Fat-to-protein ratio distribution patterns in fertile versus infertile Tropical Holstein dairy
cows throughout lactation. Fertile cow = cows that conceived with first service within
60 days post-partum; Infertile cow = cows that not conceived with first service but
conceived after 350 days post-partum.
Table 11. Fat-to-protein ratio category distribution by fertility status across 10-days in milk
periods throughout lactation in Tropical Holstein dairy cows'
Top fertile cow Bottom fertile cow
DIM group
FPR<1 1.0sFPR<1.5 FPR>1.5 FPR<1 1.0sFPR<1.5 FPR>1.5
5-30 224 26.0 57.8 52.3 19.8 21.7
31-60 22.3 21.8 575 56.1 20.2 22.1
61-90 20.9 22.9 63.6 55.2 15.4 219
91-120 21.6 258 64.6 58.7 13.7 15.6
121-150 20.6 24.0 64.3 60.8 15.1 15.3
151-180 19.2 234 66.4 60.5 14.4 16.1
181-210 204 24.3 66.7 61.4 12.9 14.3
211-240 19.5 24.6 65.6 62.7 14.9 12.7
241-270 18.8 23.9 64.9 64.6 16.3 11.5
271-305 18.6 23.7 64.1 64.8 17.3 11.4

' Fertility status based on first service conception and days to conception: Fertile cow = cows that conceived

with first service within 60 days post-partum; Infertile cow = cows that not conceived with first service but
conceived after 350 days post-partum.

TayanisnantunkazesnUsznavduuanunsaliUssleviiia dudiutiuazfnaunisiu
D1 ILATANNEAUAAYDIA1T91M1T (Duffield et al., 1997; Fleischer et al., 2001) wazA1 FPR @u1saly
Judusinisifialsn anuauysaiiug wasdSuiaiiuuidaudndedelduinniinzuuusinie
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Ve TgaLdeAzuuNI1INEIeseE ALl (Heuer et al, 1999) Anuniluladluiien wu BHB uaz
NEFA sinlfidususdanuendanulunilau Tnsarududuressmiluladnariiieadesiunsaas
lugiu TngngndsnuvinaunalugiesesusnnIsiuNasnussAuALduduYes BHB way NEFA gd
(Ingvartsen and Andersen, 2000) Tnoaunluladisnsimuainaesidmsunisyiuielse
yandiin edrdlsfinu mafuiedadentudeaiinisedudaioravldiAnmueien metinsie
A798199190T1ATUNS LLazai’ﬂLﬂuéfaqtjmé’aasiwﬁgmmm%uﬁaﬁwmmﬁﬂagﬂLLUU%@ﬂamqawé’Nm
Tnosnsannisldan FPR Wudusdaunandanudaduisade linssnudestanednd dsangn uas
annsafna i duUszehussuutuiinduusnasgiu (Eicher, 2004; Richardt, 2004) Tngiiandndan
yshuundelUsAuufiminzaude 1.2-1.4 (Villot et al, 2019) fatiunisUszifiuan FPR Gaananeiduy
\n3esflofiivsylonilunsidadoanuinunfvesssuunmiluaduluthavdsudinlaoianizeg19ds
amefladauagluiuazanludu TnensdnneAladariomntszana 90 % andatuniglunaiUssua
60 Yundsanon deguRnIsaivesnnzAlndarsiiud unuenguargtAnisaigwanerniad uluudlau
Tugasnsliundl 3-6 ulleuniifinngAlndansdaundssgefiasin Displaced abomasum nsfinite
Tuszuvdusitug whuadnau geinlusld waedyminisuausi (Roginski et al, 2002) Tngd1aA1 FPR
fimngan 1.0-1.5 Aldlunsinwd awnsahlulduselonilunisufofouldasdmsuinvasns
uaztinlavuenandiitensussiiulnvuzuardansaniusiunluaduvesaualauu

J2UZNANITNANANTENUVBIAT FPR (Timing of FPR effects) e?fawudwagﬂmm 60 TULINNAIAADA
aonndesturnardAydmsunisiuivesssuudviugluudlauy Yasnadnsstudaediinnne
NHNIUVINAUAAFIAA UaEN1INTUNIIULeaTalY (Roche et al., 2000) A1 FPR U audusiug
serinsanusndsnuveslauy uagUsednsamszuuduiug mamsranunavszyuwlaundifian FPR
Limnzaudaussyosusniiauddannitasgaeriilfansausulasusviemsdansldvunandiodu
MsannansvunundeUssansamszuuduiusvosnilauy egslsfam nsnwianuduiug
s¥ui19en FPR wagarmanysaliiugilalldddaiatafovesuiiaunmed wu madsuudaseziu
579018 ANuLduduaessarsiuniluladianiy (NEFA, B-hydroxybutyrate) %3 8uuIn19n159ANIS
Tnsunnslagasden Geenlideyaddnfuduietunalniiogomdnnuduiusiidunald (Leroy
et al,, 2017; Noya et al., 2020) ImsJGé’fasquaﬁiﬁﬂumiﬁﬂwﬂuﬂ%’jﬂiﬂu%%aﬁLﬁmwmmmmﬁmﬂwmm
Tnendwithilvesnsuuedng (Field data) 3slinseungudeyatiadufinaridaiu

nsdmmuArdadulusuusselusiuunveaslauimdsnaenlugslausegwioidesinrud iy
warflanuddglunistestuaniusndanuiilivng wasldusslovdmsuliunsdnnsdnlavuinis
Awnzautuudlaus Tnglangluuilauumdnaon szozuiniazdnnenduunnaugaidmansenu
Feaureaunm svuuduiug uaskande finelfAnaudemedeiasugiamadsdaumduegiann
nnmsAamudaduluiuundelsiuunvesilaunegrsdeiidosaviliinuasnsanunsaiinge vs
anuzwdsuiliund Hdananssvurequan wawdn uazemaNysoitusiianas Lazannsadanis
Hymianifldesheiussavsnmwuaziurasd
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dyunan1INnay

msfnuluadeidlniuiasslenivosdndiuluiusolusiulutug (FPR) Tugusilstauna
n¥sudsdsnasaysyaninwssuuduing ddysomsdanisyslau fil

1. NsAnRINALAaNEIUMEA FPR aunsaazvisuliiiiudsanuzsaunandsnuvewdlauuls
ogefivszAnsniw Tnedangeanindulutisiunisliug (5-95 DIM) vl Fannendanurinauga
adutnsiulauslinandniuugeaauasinishuldiios

2. LLﬁIﬂumﬁ%’ﬂwﬁvﬁUm FPR Wlusasfimnzan 1. 0-1.5 lugasiunsliua uansendszaninim
¥ UUEI‘UW‘LJS‘VI@WJ’] Loglane aJﬂﬂmmmuﬂaammmamiumLi'.mu Fauansfanizaunandsy
flatuayuisnissdnthuiuagnisvhauesssuuduiug uenand wuiulausdifauauysaliusgs
uanadndIuvenn FPR lussaumunzas (1.0-1.5) 9031 (57.6-59.8%) LuaLUismwlsmﬂmL;ﬂﬂuwm
AwANyYsalTugH (52.3-56.9%) Turasdunislu

3. BvSnavesrn FPR Aednuazamanysaifusiiutaigalutae 60 Juusnndsnaen dutuds
mmmﬂmamwwmmiamﬂmmﬂua%ﬂumadﬁ“ma wﬁwmmmauqa FafiBnSnaseszoziaa
Sruutunsondsnauadiusnvesulou

YoLaUDLUY
Mnransineil eswusildneasnsidwewhsalauuihnisinaue FPR dandudiunis
YINTTANMIAVANUAZNNTTANMTIEUUA UL vR s susllauy Andwisne FPR 1.0-1.5 Tugssdunisiviug
mstiduarunsgIudnsunisinng Immﬁagjuaﬂszm1'7{mmzau‘ﬁ%Lﬂué’aujﬁymiﬁﬂimﬁumw
Tawunis wazdaglinsunludymidululdegeiunae

AnAnssuUsENA
Aniz3TevevauqudmTidtinmaluladTanmnisdndadnd nsudadnd naviudify
susnuariufindoyaililunisinuidelundsd veveunnunuasnavsueietnelasamandnialau
wugnsedaealeaalaifiliniusuiielunisdduianssuvedlasenisniegseiies uazveveunal
AuImsiazyaansainmalulagdinnnisuanuadad nsudednd lunsaduauuy duaSuiasldisiy
Tunsiifiunudnadunaismsianmaiuusyansnmhulauegwienes
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