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Status and the effect of negative energy balance, rumen acidosis and feeding management on

reproductive performances of small-holder dairy farms in Thailand

The objectives of this study were to determine the risk factor of some metabolic disorders of
dairy cow including individual cow factors and feed&feeding management factors, to investigate the
relationship among some metabolic parameters, and to determine the effect of some metabolic

disorders on reproductive performance. The filed study was conducted in 36 small-holder dairy farms

(387 cows) of Kampangsan milk cooperation, Nakhonpathom province, Thailand. Serum B
hydroxybutyrate (SBHB), ruminal pH and precalving body condition score (BSC) and postpartum BCS
were evaluated as metabolic parameters. Cow with SBHB > 1.4 mmol/l was identified as negative
energy balance cow (NEB) while cow with ruminal pH < 6 was identified as subacute ruminal acidosis
cow (SARA). The results have shown that SARA cows or low ruminal pH cows were low postpartum
BCS, young and low SBHB cows while NEB cows or high SBHB cows were high precalving BCS and
more loss of BCS after calving. The systemic illness cows after calving were lower postpartum BCS
than cows without systemic illness. Cows fed by more frequency feeding of concentrate, baby corn
husk, corn tip were high risk to have low ruminal pH while cows fed by 16-18% protein of concentrate
were higher ruminal pH than cows fed by 14% of protein of concentrate. In the study to evaluate the
relationship of metabolic parameter, all parameters including SBHB, BCS and SUN started to change
at calving period and reached the peak at the 4" week postpartum. The SBHB level had no change for
the whole study in SARA cows and the SBHB level of SARA cows were lower significantly than the
SBHB level of non-SARA cows while SUN level of SARA cows were higher significantly than SUN
level of non-SARA cows but the SUN level did not differ between NEB and non-NEB cows for the
whole study. NEB cows were higher precalving BCS and more loss of BCS after calving than non-NEB
cows. In the study effect of metabolic disorders on reproductive performance, SARA, NEB, and low
postpartum BCS delayed first ovulation postpartum. Low ruminal pH and low postpartum BCS reduced
the probability of cow conceived before 150 days postpartum. In conclusion, Not only NEB affected
fertility but SARA also reduce reproductive performance. Feed&feeding management and BCS
adjustment before calving were the important strategy to improve fertility. High amount of concentrate
and low fiber roughage should be avoided to fed the cows even the cows have no problem of NEB but
they will confront with SARA. The suitable feeding should be fed cows with enough energy, fiber and
protein for different stages of lactation to improve health and fertility in dairy cow of small-holder farms.

Keywords: NEB, SARA, BCS, fertility
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fnualilafisl ruminal pH #aani 6 Lﬂuiﬂﬁﬁﬂtym subacute ruminal acidosis
(SARA) uazlafifiszdues sBHB TudSwannnit 1.4 mmolt iHulafifidymiana

a&l@}amadwﬁ'{ld’m (negative energy balance, NEB)

. 3%‘3Lﬂ‘sﬁ:ﬁ°ﬁa§amaaﬁﬁ

anmamuzzasilymanulisugaduemasnu  anzanudunsaduuyl
ugava1Ms uazdluszazniinaaanaznainaan

fiwualw ruminal pH, SBHB uaz BCS wasaaaaiilutlasuanuuazaivdugdu
Tadpdarr vnsilenzidayauuy multivariable analysis 1@ General linear

mixed model (proc mixed) lagldsunsu SAS for windows version 8 (1999) ¥inn13



N8 BaszAaztlady (free entering method) wazUszifiuanuaunusvastade
daszdatladuaulasld residual maximum likelihood AszaUREFmAYN p<0.05 uAz
Tadpvhsngnrudnldegluluauuugy (random effect) thaaaaauLslyIug

LAALAIIN BN TNATINNULANGIITZRININTY

NAN1IINAADY
= ' o A ~ A =
nnEam ANy nnasesaaiwuinigafes Jawianldy (21.71%) uean
aNLRL (17.31%) lathodulifue1vs (15.50%) In@19 (12.92%) LeuNBNLEY (12.66%)
laaraasn (8.01%) uaz dryminariluialy (5.17%) anudeu vaenidym SARA 32.33%
LRz ﬁtymmmvlaiam!aﬁwaawé'dmu (NEB) 21.20% éi'mamlugﬂﬁ 1 TaawuqnaLafsuas
wniimeinlardgmduwaueiTunddy 1w azuuuaNNFNYItinauasan Azl
mwawymﬁfmﬁﬂaa@ anatdunsasalunsziwizran USunm SBHB way SUN luldas
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Problems during postparturition (n=387)
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Metabolic parameters N Mean SE

Precalving BCS 350 3.09 0.03
Postpartum BCS 386 2.77 0.02
Ruminal pH 365 6.15 0.02
SBHB 382 1.16 0.05
SUN 382 1257 0.26
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(Ruminal pH) l145243-4 glanvinasnaaa

Effect on ruminal pH B SE t P value

Constant 571 0.13 43.01 <.0001
SBHB 0.06 0.02 2.46 0.01
Postpartum BCS 0.10 0.04 2.30 0.02
Age 0.02 0.01 2.84 0.00

A137199 3 LEAIATLLRLITZAUAI laNTNaNITENUdaUII a9 SBHB luidaa Tut93-4

I &
FUMBENIINRDA

Effect on SBHB B SE t P value

Constant -1.67 0.83 -2.01 0.05
Ruminal pH 029 0.13 217 0.03
Prepartum BCS 0.31 0.11 2.78 0.01
Loss of BCS 0.27 0.15 1.86 0.06

~ o A Y Ao ' & ' '
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Effect on postpartum BCS B SE t P value

Constant 1.60 0.39 4.11 <.0001
Loss of BCS -0.35 0.06 -5.67 <.0001
SBHB 0.05 0.02 2.22 0.03
Ruminal pH 0.18 0.06 2.87 0.00

Systemic illness
Without systemic illness 0.12 0.06 2.17 0.03

Systemic illness Reference
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angluwnsziwiznin lugag 3-4 glavradinaas

Effect on ruminal pH ﬁ SE t P value

Constant 6.28 0.07 93.32 <.0001

Concentrate feeding frequency

Z 4 times/day -0.19 0.05 -3.66 0.00
3 times/day -0.04 0.07 -048 0.63
2 times/day Reference

%protein of concentrate

16-18% protein 0.19 0.06 3.23 0.00
14% protein Reference
Roughage type

corn tip and baby corn husk  -0.62 0.09 -6.86 <.0001
corn three and nepier grass -0.22 0.06 -3.69 0.00

rice straw Reference

P> o A ad o A A |
M13191N 6 LLa@]\‘lﬁﬁ]ﬁ]ElLaﬂ\‘]ﬁ]’]ﬂa']ﬁ’ﬁl,l,ﬂz?ﬁﬂ’]ilﬁaq‘ﬁqiiﬂ‘ﬂNNﬂﬂfzﬂﬂ@laﬂzuuuﬂqqu

suysaizasla lugs 3-4 flavindsaaan

Effect on postpartum BCS B SE t P value
Constant 258 0.08 32.73 <.0001
Roughage type

corn tip and baby corn husk 0.24 0.12 2.09 0.04
corn three and nepier grass 0.18 0.08 2.31 0.02

rice straw Reference
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v o ¢, AL A ! Aa o A v A a '
AMuENINUBITUANY srganaiiesnnndt laffl SBHB dufasanldiuamnfiiuiwade
ANMNGEINT uaaslsiauanaaznaliiadyn SARA awanvilw ruminal pH aadas
nimaanafiannlaldivemninddasiuenbelod omsidienslulawsaannifinly
wiadadusasamitudeammeungainllifeldifismedannudasns  wiazairy
NINQUAIWBIMITHENLA (Kleen, et al.,, 2003, Nocek, 1997) Uaza g1 SARA 813aq
ANNBLINEIWIT  AAANNEINNTAIUMTNIK  AnuaansalumItasidale  (Enemark and
Jorgensen, 2001, Gozho, et al., 2005, Krajcarski-Hunt, et al., 2002) #3a niwzdul#iians
snsumelunsziwiznianialu (Gozho, et al., 2005) wiallalaialym SARA niaazdy
i U lunaaaifaanszduliiianiz metabolic acidosis wazihlgnisvhanalysdulu

. X . g o ¢ P
nawiiia (Mutsvangwa, et al., 2004) liazuuuanuauysoiaadias wananinsansi
wudlafifinnaz NEB w3afiUianm SHBH gllazuuuanuanysnilugisiauasangs uazd
wudninlafidiunouanenazgiRuazLuuANUANYIITHNRAINNaANN AITAUVa

@ A Y [ .

SBHB §1a3AR0A TIHEAANDINUWAIUNIANI (Gillund, et al, 2001, Pedron, et al.,
1993) uanmnﬁmaﬂ’]sﬁnmwmﬂﬂﬁmaulu“ﬁaaﬁauﬂaang@L%ﬂﬂ:l,l,uuﬂ’;’mawgsrﬁéh
(Mayne, et al., 2002) InMsAnsAny SBHB gelulanfiazuuuanuauysnindinaangs
& X oA A &al o a &
nsduldldnneunnaalanduitliozunuanuauysoingoudasgyoazuuuanuauy ol

v o =2 o = P
lduAauy Tsnamsdnsazsalanlunsansf 2

2 Aa . o . Aa Y ! | Aa
nuanIdne wulafid ruminal pH dnluuailenfiangiasninniuadlafidenyann

niikitasnnudlanngisianumannlumadiudmusinsswznindenisiiavaslianm
mITunlinasnaaatias (Enemark, et al., 2004) aTdNNALLINTANINWLI WL LANS
onannazlanuiodlunslidym SARA winndufiesan Punahaefilenainieda

& & A o o a a v A v . Aa
maasdemadlaliiissment  aanmainvasdSinmemsduiudlalasuluuailand
N ¥4 - S ¥ & T deae o a ¥ s
fauiasnniu lasnndanmundiinahusganniuluwwilanfisiauriasnniu 3

a v v = n:i d' a :’ dl QL 1 A dl [ v
dnldomstululSinaigs Sadfanashasivasnldilsewaniazamansndiu pH lag
luseaun@ e (Maekawa, et al., 2002a)
PINWAMIANHINAVBIDIMITLAz T D mIdatywuuauadTy  wudl  naia
° & 1Y = A . o ' [ v o & A @
uwndanmslienmsdudlenai ruminal pH dninmstierstutesie thasannsli
& A A v A ) & A A & A o )
ananslailamanlaazlesudSunmermstuannds  wardslnaundmiialwanmsdu
WOININNNNTIABMIREND (Maekawa, et al., 2002b, Nocek, et al., 2002) M3l ITunil
wesidudlds@ugs & ruminal pH genimisldomnsduniiilesidudlsiud Undlalafiv
degradable protein 11 lazidfowdunanlufiolunsziniendn  wazaziiy ruminal pH

(Fekete, et al., 1996, Hojman, et al., 2004) wanNHANLINTRABIMITRONUAKNAAS ruminal

10
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@ ( 55% uaz 58% NDF ¢nas1aL) LLa:ﬁwé’amugamnmﬂﬂmmm (62% uaz 63% TDN

o @ A = A [ A A =< & v Aa A o
udey)  WallSsuifisunuamisnenusfiedulunsdnmit mslasuemishiiibeludn
wiafailulanngaaziinaaa ruminal pH (Nocek, 1997) athilsfianuwuinlafifin wian
waT12lwe aadutniIne ﬁﬂ:l,mummaugizﬁgaLﬁal,ﬂ%ﬂmﬁﬂuﬁ'umsﬁummwmumﬁ@
A1L34997N 1A LATUWRIIN BN IINNINATINNTABENRITRENUTHA D uazlanfinad
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g 1 IA & =y v Y Qs

auylstﬁﬁaama@gamﬂﬂﬁnuma (74% NDF, 47% TDN) smaﬁmzlvlmmmmwalﬁmnu

| = AY a A % v @ a . o '
agglsianumInlanuilfanuddnilnanazsaadudnilwed ruminal pH @1 wAazLUL

A . v .« o ) o

mmaugstﬁgd FINA LFOAARBINUANNFNNUTVDI ruminal pH NU ﬂxLLuuﬂ’NﬁJﬁ&lHitﬁ

[ Ao o o A a [ & XA i
nasnaaanianusunus lWluiemadoanun nalilesannnaassved ruminal pH 813
P a ' = o a o & & a o &
HaINNIAGHADH Y LT AMUAMTIFLAZ YT a1 30 1 asidudlusawluaiviyiu 1
au falWAiadyn SARA LLa:mavlﬂa@ﬂ:uuummauyirﬁﬁam@;maﬁnﬁmmuﬁa L8N
mMsanEiumsansAIaEwIa ia;&amsﬁu"lﬁmaaI@ﬁ'&mnmmmmu AT U
Fudlundasldfiansaniiuiu  namsgudmalazsusiamdgidesdwaldigndas mwds
A [ a A v . A ' ~ A
wiale wasen lusaunlelasy lasanwizatnsbwnasnslulaiasanaianainisnenunia

o { o a . . ' a [ & '
27111391 MIANELNaATIIaTHa volatile fatty acid @133ztralunsaduneldnnin 1w
MIANVBI  propionic  acid  IWATTLAIEHUNAZANNIAH IALALANT LASUNRINUTBI LA

(Masahito and Michael, 2003) 1161
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BCS Tuaazn292a9n13 1A
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a.
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WAsu NRFInLN AT 321919 8-25 a1 uazltlalumIfne s wiwninaa 167
a1 lagltlanaaanszninddan n.a. 47 09 5.0, 48
=3 a 1 A v 1 s 6
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| 1 [ Qs 6 e dl [
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d. @31970726u SBHB waz SUN L3wiunuaslumsdnsn 1

fnualilafifl ruminal pH Wewnin 6 Lﬂuiﬂﬁﬁﬁtym subacute ruminal acidosis
(SARA) uazlafiflszeuas SBHB ludsunssnasmotnatiaswilenssannnin 1.4
mmol/l Lﬂuiﬂﬁﬁﬁzymmmamgamaawé’amu (negative energy balance, NEB)
Aeneidoyaniaia

Anwn3iUauuulasas SBHB, SUN uaz BCS aaaatasmidnsiiutlasoaa
Iuﬂ’liﬁﬂ‘]&ﬂﬂﬂi‘ﬁﬁﬁﬁLﬂﬁzﬁ“fl/a%la%’]‘ﬁ'au (repeated measure analysis) MU
SAS for windows version 8 (1999) looinualiiasanisy wazla (Ju subject
effect wazlwdlaninvimsifiuaiegngiu repeated effect

ansmaiouudasmas SBHB, SUN uaz BCS fiwandarululafidilym
subacute ruminal acidosis (SARA) uwaz lififfym (Non-SARA) wialafifidym
analiaugaduasndsnu (NEB) uaz W (Non-NEB) lasriwmuald SBHB, SUN
uwar BCS Lﬂuﬂaﬁ'ﬂmwlumﬂ%’i%ﬁLmﬁzﬁﬁagmmusﬁﬁau lasmrualiilads
Wiy uazle 1fln subject effect uazlalaiAivnnsiiusogailn repeated effect
uaz lafifidymve lifussdlandfivhnaifudetnaiuihsvdassluluias

AAaNIINAaayg

PMNNANIANBINLTN I@W\ﬁ’dﬂaﬂ@ﬁﬂzLLu%ﬂ’N&lﬁNHiﬂiﬂﬂadLLﬂzﬂ(ﬂ@hﬁj@l%“ﬁ'N

. . N - . & omm X 4
flanwn 4-6 mua@alugﬂﬁ 6 VeNUSu1oh SBHB ludTuduSunosNuliniiansiunaing

auyszﬁ%uamﬁwﬁmé’ﬂmﬁﬁ 0-2 wazdSuos SBHB ﬁﬂ%mmgaq@lwﬁ'saé’ﬂmﬁﬁ 4

$#aI91N 6 FUMKIUua? USNme SBHB (SNaadaunntenislenn 12 é’mamlugﬂﬁ 7
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NEB (n=66) uaz niu Non-NEB (n=101) @SUATABBARBAIUNITYINAIANGA a, b, C, d
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12.00 C?g-'-. 2L c
*° b

)
=
Lz d
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7] a "é .-
LT Tt a
8.00 §a
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Weeks

|- O - Non-NEB - 4 - NEB |

3UN 14 ugasmsifIouinsumaasuuladves SUN (mg/dl) s:ijmjwiﬂﬁﬁﬂtym NEB
(n=66) Waz iU Non-NEB (n=101) @IUAT9MaUNRDAIUNIYINAIAGEA a, b, C UAT d

LRAININNLANGEIIVEI SUN ms;fluﬂéqmsl,ul,wia:manmﬁi:ﬁuﬁfyéﬁﬁtymaaﬁ@ p<0.05

uniasat

NHANMIANBIUUL longitudinal study WuinluzrimasnaannzuuwaNaNY D89
Taaaasunizfi SBHB uazSUN gaﬁu TasBuinumsiaswuaswosnmdiaasnaiiasus
IUAREA LLazLﬁﬁUuLLﬂaavlﬂ;jamgoqmaa SBHB iaz SUN M%aéi'wqmam:uuummauysrﬁ
Tudlandn 4 TemoansasnUnaoNISANITARIULN (Andersson, 1988) ’I,umigﬁmaa
SBHB LﬁaamﬂLﬁ@mfszmmvl,;iaw;amaawé’omuv‘iﬂﬁﬁmsﬁavlmﬁm%aiﬂiauﬁazauagnim
1#lusamwms  gluconeogenesis  tia Wl ledsunasomiiipsnalumissdiauaznaa
L‘Eﬁu&l (Bobe, et al., 2004, Murondoti, et al., 2004) "fiolumuaumiﬁdﬂdnﬂ%mm SBHB
go%u migjd“ﬁumad SUN Lﬁadmﬂmiﬁiﬂvlﬁ%'ummiﬁﬁ nitrogen protein %38 non nitrogen
protein Nt ulutisvasnaaaiian sl asiiunlutrinainaan (Fekete, et al., 1996,
Roseler, et al., 1993, Visek, 1984) vluimmmuﬂﬁU%LﬂuLLaquLﬁmm:gﬁﬂumuwwwﬁﬂ
asho"hﬁmumnﬁ'u%mmgﬁfulwﬁa@ gnatiaannIaslusauanlsluauiums
gluoneogenesis 1uﬂizﬁﬁLﬁ@mazmwuleiauqasl,ummé’aﬂaa@ (Bobe, et al, 2004,
Murondoti, et al., 2004) udiilsarsananuanisanslassoufioumaasuudasues
SUN 3z#379ngu NEB usz Non-NEB ﬁ'LLamlugﬂﬁ 14 WUINAaaaTI9MIANEN Wy i
anauanarani wlUlednmniatuses SUN Sanswamnanmafistsunmenvsiuwlila

wasARan  winanszanaInmafadyrt SARA  @susedliiAuanuuanedsres  SUN
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3TNIWNGN SARA Uaz Non-SARA ﬁLLa@ﬂugﬂﬁ 11 fienaferuauiuns proteolytic
pathway 21N metabolic acidosis (Mutsvangwa, et al., 2004) ﬁaﬁvlé’a?ﬁmﬂmlumiﬁﬂﬂﬁﬁ 1
LL@iazmvlsﬁmmﬁaLﬂ%ﬂmﬁﬂUﬂ:LLuuawyitﬁwdwﬂéu SARA uaz Non-SARA wuinlaiwy
m’mLmﬂ@miwhdﬁ%aaamju 316 SUN MfindudanaziinanmsiinySanmanwsds
Afldmdsznevvaslulasonfiinivlutvdsasen wazilafinsanmsuwasuulawes
SBHB 3z#314ngd SARA L8z Non-SARA lugﬂﬁ 10 wudw"LaqummﬂﬁUuLLﬂaalumquﬂﬁﬁ
1 SARA AROATIITTLLIMNATNMIAN® uazlszauved SBHB ﬁlﬁﬂdﬂﬂlumju Non-
SARA lufaifl 2-4 witanea UsTlafiddym SARA ldsuamsetnaiamaliifia
ma:mmm;amaawé’dmw,l,@iaxﬁmwLéﬂaﬁa:ﬁﬂtym SARA  dalasmludansiaesla
wuluiuiiunsuawaziumsliomstwiomuSinasinuulutvasasan  Tadelesy
wasuitisanelum s Tiauaznaninuuanemsts senanleimaivemnsiuls
TmﬁaLﬁ'uﬂ%mmﬁmwmwﬁdﬂaa@mmsna@ﬁtymma:mmmqamaawé’amu udlanas
WA SARA

IMMIANEA 1 ARUIIWUAIN TR LD DLEUATITER I ATUUUANNFNYTOE
L8z ruminal pH %&Lﬂuiagmmmial,ﬁad %wmmﬂmil,ﬂ%ﬂuLﬁﬂmwdwmjwaa SARA
ez Non-SARA lumsdnwil 5\1‘1&]L‘ﬁuﬂ’nwLL(ﬂﬂGh\ﬁz‘ﬁ’jwﬂzLL%%ﬂ’J’]&lﬁﬁJHitﬂ%ﬁNﬂﬁd
ARBARILTUNTANSNT 1 azmvl,iﬁmwmima"yumJawaamuuummauuﬂstﬁﬁmwLmﬂ@m
ﬁ'uasha“fi’@Lﬁ]mw’mn@;uiﬂﬁﬁﬂ@m NEB uaz Non-NEB @izaansairiumsanmifi 1
wu:iﬂﬂﬁa”auriauﬂaamaﬂﬂﬁﬁmigtyLﬁﬂﬂ:uuum’]uaugnﬁmn%é’maam EEFUIR At
SBHB g¢ wiadllamaiidlyn1 NEB anTu seanasstuLemsaniinulefidazuuuaa
awymﬁﬁgaﬁauﬂaa@ﬁmmL%‘mﬁ%ﬁﬁzymﬁim%a Gillund, et al, 2001) @9EuaN
MsenIN LAz AN 1 Faaryld L'ﬁaa@ﬁzymmaxm@awqamaowé’amu Uz NN
anudunalunszimnz azdaslianuddaglunsianisenms madiuazuuuanusysol
Winanzan  gndauszimainzananuanudasmaveslaudazszor lasdilstnia
fasmavaslanazdaslilaldsusandwuaialoatomuncanlaSusinatisnounaan
IUNTLNIRITIIMAINREA athalafianumaiangunwanmsnenuliliomnings Ioan
VSN oo sTudile LﬁaLﬂuﬂsﬂwﬂuudmsa@ﬁunmmﬂﬁ’lﬁmwmnuﬁadmiﬂnaﬂﬂL‘ﬂu
fefidassamafionatiyniis NEB uaz SARA wiammdasuwitmsldemsitumsld
219151AlASNRNITAINIBIMITTULAZWENLY (TMR) #wIansliaimisnenunawlilaina1rig

1% 97199zaatymIaIna1 ba
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3. @nwwmansznuzasiigninaivedtacesassannaasszuudunug iwlanavas

Aaan

A5N1INAaaY

a.

donwhsuialFlumsinsnluiuil Swnamuniuau Smdauatln Swan 36
W Afswnuailedany 2wing 8-25 62 wazldlalumsdnunitsnwunsue 387
i lagltlafinnensening u.a. 47 59 3.0. 48

wudayadila ldud o seufinsliuy Usstamanguifion anludszialany
T lwizeenInaauaznasnaaa 1ohl MINRaeIn I qaﬁﬂu%’a"lﬂj L
gy 11130 wagnanisy lathedulifiuenms TWazuuuanuauysal (BCS) aw
3% Edmonson (1989) I@alﬁszﬁUﬂ:LLuu1u%uaU@°iwq@ﬁ 0.25 lulagqs 1 @aunan
ARDA LAz 1 LHaUNAIAREA

AUAIBENIREA RRILANUDINITABWT UTeanth 2-4 1.4, T 3-4 FUaNARES
AR0a waraTanMzANNIuNTe @19lunIzinnzals portable pH meter LEwLAEIAL
mMsANEN 1

as19iaszay  B-hydroxybutyrate lu@iy  (SBHB) LLazmwgﬁﬂluﬁ’fi‘%’w (SUN)
wdsanunsansnf 1wzt mualilefid ruminal pH tesndn 6 WulaffiTym
subacute ruminal acidosis (SARA) uszlafifissauaas SBHB ludsuannnin 1.4
mmol/l Lﬂuiﬂﬁﬁﬂtymmmam;amaowé’wm (negative energy balance, NEB)
fudregheiiug flansas 2 At audnasnaanIuds 45 S1 wasAaen gulien
frethahuaanlafffym SARA 30 @1 lafiddgm NEB 30 &1 uas langa
ﬂ’JUﬂ&l%GLﬂ%IﬂﬁvLﬂﬁﬁmuﬁﬁﬁzd SARA sz NEB $1u3u 20 ¢ wiwadldanasia
sequzaslunlisamanlsmiovanszozmsanliassusnuasnaan lavldya
aagaulasis immunoenzymatic test (Ovucheck® milk kit number CO006, Biovet®,
Saint-Hyacinthe, Canada) lasdwuinszauldsiaalaslswlwinsuannnin 2 ngml
fadanu 2 as1 Avualadmsanldessusnluna i aAueletig
haTaBariuEanas 1 a59 MnIanadauuFUiuinaInaan 30 Tu uaz

ﬁﬂmséﬁamnﬁamé’amﬂiﬂvlﬁ%'ummam%’aqﬂﬁ’]aﬂszmm 60 TWNAINRDA

. ﬁﬁ'ﬁmﬂzﬁ‘*ﬁayammﬁa

WIANRALVITZHLIINARDADINRNATILIA (calving to first service) 5z8237N
ARDADINENAA (days Open) IIWINATIVBININENGDNINENAA  (number of

service per conception) WaslFuANINENAAATILINARIARDN (first service
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conception rate) tWasidudvadlaNNaug1uINNIN 3 @39 (repeat breeder) LUasiGud
paslafinauianislu 150 Tu uazilafifuduaslangnaafisszninemsdinm
Jianzimtassninadansanluassusnaiely 45 T4 denIHANATILIA
melu 90 W uaz denIwaN@anialu 150 4 lasldnsdeseiuuy survival
analysis lEinafla Cox's proportional hazard model (the PHREG procedure in SAS
System for windows version 8, 1999)
a 6 o Aa ' . & a ° @
Tulueanmsienzdirmifadoninadensan MaTIusnnadnaen  MAUA A
o =< , & I . . A '
JLHLIAINRRINFEATINTAN MiATIUIALDY survival time wazlafanlinialu 45
W 10 censor case Ja3BduY 1T 81y SauNinIAaea MItBBUgRIIARLA
azunuaNuaNyIatvadlananuaznainsan Yianm SUN manuilymn SARA wia
NEB lulaudlu explanatory factor lasvinmsaaidantfadsdsgluluiaauuy stepwise
{ =) v Qs { { =) &/
1 p<0.1 wazlum s lanntasons lulueaiiaaannuudsdsiuniiedu
Jeinennsu
a 6 = n:i'd 1 g; % o @
Tuluean1I3LaNA M T8N TN NTHANATILIARRIARDA  TAUA LA
JLHLNIAINARINROADININANATIUINLTN  survival  time  uazlafiNENATILIn
mulu 90 u 1Ju censor case Faibdug 13U 81y §rwuiin1IAnea NMIthudug
WiInRaA AzuwuANUANYIatUadlanauLazniInaan USanmk SUN, USunm SBHB,
ruminal pH lulaillu explanatory factor lasvinmsaaiianilassdnd gluluiaauuy
stepwise 0 p<0.1  uazlumidarzAlenutatsrisulilulueaiiaaaainu
{ a ‘&/ 1
wdsdauniiaduszninenisa
=) 6 et Clld 1 o~ Qs o v
TulaeanmsianzdimiadsninadenINaufanaInaea fruals
J28LIANNRRINREATINIHENAALTY survival time waslafinau@anale 150 1
\% censor case Ja3881 9 15U a1y A1GUNNNIAREA NMITIBARINAIAREA AZULY
anuanyIalyadlananuaznatnaan USanmk SUN, Y3ana SBHB, ruminal pH lula
1Ju explanatory factor las¥inniaaidanifadsdns gluluiaauuy stepwise N p<0.1
a v V { { =y J U
wazlunmsianzd leratds sy BlulueaineananuudsUsiuiiiadnsening
WITH  LALTINTTHLIANNIAREATINENATILIN I INLAaLN BRI N TNAG O N THEY

AATINLNAINNANTHNRNATILINTDN
NANIINARDY

"i]’mNEﬂﬂ’]iﬁﬂ‘]zﬂWfLI’J"]ﬁ%ﬁ%%]ﬁﬁ%ﬁ:ﬂﬂﬁﬂﬁ%ﬁ:nﬂﬁ%ﬁﬁLL&@]GI‘% ATNN 7 LLa:gﬂﬁ

16 trivhiuinsesnimedasludui o fuwinsudsniauasty  JaanmInaudad
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ﬁoﬁmnifa;&am%ﬁ FNNTNRNATILINRAIARDATILAZDAINININFNAAATILINGT WAz i
FwIIANNENNINNTT 3 a39un AlwdlaiNeslszunos 50% innunnaudanials 150
o
a 6 v . . . . 1 Aa
INNIAANTAVBYAUDY multivariable survival analysis ‘W‘l_nﬂﬂ‘ﬂuﬂtym SARA
wia  NEB dlamanazanlinioly 45 duduiu 055 usr 0.32 wihveslanlifitym
o @ ) Aa ¢ o £ , A |
ANAAL Lmzwmﬂﬂ‘numuuummaugimmaﬂaa@gwu 1 wie azdlanmaluwniianla
& o P2 \ o { { o A .
avsusnaule 45 TUFIAB 3.85 Ly AIRaIluaIT9N 8 waztlafnwilasanazinasdanis
nruassnInmelu 90 Tuwuin lanthefunasaase landidywinnidy wazlenddaym
mgné’mamzﬁiamawam%’aLLiﬂmsfl,u 90 e 11w 0.61, 0.70 waz 0.60 winvadlan lad
o @ A a & A a A a &
i ausau LLazLuaiﬂumqmﬂmunﬂ 1 7 TaazilanmanazdmInauayansnnisle 90
o o & | Ao ¢ o £ ' =
a9 vilu 0.93 10 Iﬂmmuuummawyimmaﬂaa@gwu 1 Wiy azdlamalums
NRNATILINANE I 90 14 1.95 171 AILEAIlWA1TI9N 9 uanmnﬁmnmﬁLmﬂ:ﬁﬁagmﬁa
anwifapninasalamalumInaudamely 150 Juwuin  landenauduniaseln
o & ' Aa ¢ o & ' AA o, o
NIIWEWAINGITU 1 il T,ﬂ“nm:LLuummauHsmmaﬂaa@gwu 1 wie uazlanisnau
p . - . X .
MIAaaaNINTW 1 wile azilamalunsnaudaniale 150 Tugsliniiu 1.64, 1.70 uaz
1.12 1711 9UEOU AILEAILA1TI9N 10

(%

AN 7 LEAIALRR mlaaeﬁ"’ﬁﬁammmwﬁwmwuﬁuﬁuﬁ:ﬁﬁmm

172

Reproductive performance N Mean SE
Calving to first service 356 89.93 2.7
Days open 271 1471 5.02

Number of service per conception 356 2.6 0.13
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30 28.33

20 17.31

10

first service conception rate repeat breeder days open <150 days culling

Reproductive performance (n=387)

311 16 usalasiiudvadlanuaufaasinsn wasidudlanininausi tasiaudlaNnmaw

famale 150 Tn LLa:é’f@mmsﬁ'@ﬁﬂuﬂﬁjuiﬂﬁﬁﬂmsﬁﬂm

AQ. o Aa 1 ] & o [
AN1379N 8 LLﬁ@]x‘]ﬂﬁ]ﬁ]EJ‘YINNﬂ(ﬂﬂﬂ'ﬁ(ﬂﬂvl,"llﬂﬁx‘iLLiﬂﬁﬂ\‘iﬂaﬁ(ﬂﬂ’]ﬂlu 45 1%

Variable B SE Chi-Square Pvalue HR
Farm -0.01 0.02 0.09 0.76  0.99
Postpartum BCS 1.35 0.62 4.69 0.03 3.85
SARA -0.60 0.36 2.74 0.10 0.55
NEB -1.13 042 7.23 0.01 0.32

A19197 9 LEAITITNINRAANINRNATILINARIANAANTE L 90 T1h

Variable B SE Chi-Square Pvalue HR
Farm -0.01 0.01 1.16 0.28 0.99
Age -0.07 0.04 3.73 0.05 0.93

Postpartum BCS 0.67 0.15 19.75 <.0001 1.95

Systemic illness -0.49 0.26 3.64 0.06 0.61
Lameness -0.36 0.20 3.26 0.07 0.70
Metritis -0.50 0.24 4.54 0.03 0.60
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A13191 10 Laa9fauNINadanmINaNasIaanialy 150 34

Variable B SE Chi-Square Pvalue HR
Farm 0.01 0.01 213 0.14 1.01
Lactation no. 0.11 0.06 3.85 0.05 1.12
Postpartum BCS 0.53 0.18 9.27 0.002 1.70
Ruminal pH 0.50 0.28 3.17 0.08 1.64

Calving to 1st service -0.02 0.00 34.20 <.0001 0.98

UNII0h
= 0 a a % A = 6 1l AT d'
INHANTANBINDIN ﬂ‘sza‘nﬁmwmm:uuanwuﬂuﬂwsmmsJaﬂuwm
ALWILEY AAUTIIET 1N T2HZNTHINATILINRRIAAAN LTk 90 14 LAZITUTANTHRN
ANNIINRAANLTZNDH 148 TUNRAINRDA DAIININFNAAATILINRAIARDALNLI 28 % LV

. ™ v . ¥ D4 A A4 A A
WRZFIWIBLANFBINFNTININNTT 3 39 W09 37 % wazlauINNINaT IR NHINAALAR 150
Wwnaseaen  MelilaRaniaveninerdesnuasiiadulssEnTnwenwruURUNUS
loun szpemsanlaasiusn ILusMINFEUATILINAAINGEN W30 ITHIRINIINFUAARAY
. Aa & o0 . o a , & o A o '
ARDA WLIN Iﬂ‘nuﬂzLLuummaugsmmhmmmﬂaamwwa@am 3 auih Yl ldien Waw
ATILINUATHAUAATY  WAZAIIENTVNANRISINUINAGANIIAN MATILIA B9 LOHANITANEN
TulAgINURAIEMIANEIANIKAN (Gillund, et al., 2001, Jorritsma, et al., 2005, Kim and
Suh, 2003, Lopez-Gatius, et al., 2003, Westwood, et al., 2002) NIHhiHhaIaNNIZNMIV0
FNQRYINAINYU AMITUHINIEAANINAY UHadanIaAnITaITzAUVEY  IGF-1(insulin
like growth factor-1), LH, progesterone, leptin, insulin (Formigoni and Trevisi, 2003, Reist,
et al., 2003, Wathes, et al., 2003) TIINAGaNITINNUVDITI 1 LLa:nﬁsﬁaé‘aLLazayjiamaa
Msan uaﬂﬁnﬂma:mwmawqamaawé‘amuﬁﬁwa@iaﬂszaﬂ%mwmaaszuu%nﬁuﬁuﬁaﬂ'ﬂ
WU w1 SARA Snadamsanlaiasousn wazmsngufia  HIMIAuauaNAKIAINGET"
ﬂ‘avl,&immmqwalm%‘@ 134991N 9 B TT1LTININUANUFUNWTAINEIININAY  MIAUNL
> s fn:‘ipd' o = A d‘ v A

ANMNFUN T HTITINNTAN =N lwiiad Ing 27191 H89019NITULUNNTIRaIW T sl ad Ing
LANANIINUILNAUDUALIUANT LY sAnuasunAgITaInuNINEN AL wITwINIIN
uegI liNUANNRNARTAINE  Lagm lhidadlneazlwanmistiuuenainaiwisveny  uas
@Taﬂm@;mﬁqmmwmmwmm‘i’] ﬁaﬁaaLﬁwﬂ%mmuazqmmwmmsﬁmﬁa’[ﬁlﬂmwaﬁu
anueasns laadingdandadam SARA annidszmaunuaziuan agnelsfiona

U NALDUAIWANNEITNTAN B AN LB IHEa Y m@;maﬁmmsna%mmmmé‘wﬁ‘uﬁf
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289 T SARA uaz UszanTmwisuuRunus logwdsanumsanslulafia (Gozho, et
al., 2005) tesnindeladidym SARA auwBoishldiianivasues  inflammatory
mediator(Andersen, et al., 1994, Gozho, et al., 2005) LT% histamine (Aschenbach and

Gabel, 2000), PGF20L, amyloid-A %38 lypopolysaccharide Hudu nseinmsluannuin

hitamine  uaz  PGF20L ldiiumsnadivasnsuiiaSouluatih lalnadensuauda
(Downing, et al., 1999) WIDNITNRIVD inflammatory mediator lugues hypothalamus-
pituitary-ovarian  pathway lUaau194nI¥inaunadss LasiinadanITeadinuadalsat
TWALIALNTBUBIEUNBNLEL (Hansen, et al., 2004) @4nbMIANEATINIHRNAA LKlA
udluilavnasndudasdrfiatandam NEB uaz SARA wananidinuiladsane Nlna
damansuasanang ldun deminsthodundiasen 21130 waznagnaniay dywinaid
onnsdasnurnlilafuemisiddesuaziinnzinasugauaiwasam WIRNNIINRT
inflammatory mediator LLa:ﬁwa@iamiﬁNmmaﬁaHLLa:miNauﬁ@é‘am@lwaﬁ"l,ﬁﬂamm
wazanmIdnsiwud lasnazldiumananiinileniiongannudaznandasinuinnii
\ g = A \ A A A A . o W
laud neflanmsdnsn 1 wulagndanuissnazll ruminal pH 61w by
AMUFNNUTTBINYAL SBHB Uaz AzuuuANNNyIinainsan mnilasildiuniwes
& = . A o o . . A A A
asuIniSINaaiasunnniyminasaseatasniilawn  wialmafswulasuasnzunn
anuanysaiasndlaun  lasnnlagazlinandadindr  uazmislienuidnsasiym
SARA andsvhldnsu@asnn adelstiensy aasiinsdnenalnwasdawianudunsals
Asziwzninuuy lduaasannInumsrinanueasss lnazmsnandalusainaaasluawaa
A R ! o v o o o & &
Wansuanusunuintalannawazih llddunziihnmanzaunumaasslaunlunsuse
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Risk factors of subclinical ketosis and subacute ruminal acidosis in
different feeding managements during post calving of Thai dairy cattle in
small holder farms
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Pinyopummintr ¢, A. Smolenaars®& J.P. Noordhuizen.?
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Mahae, Chiangmai, 50100, Thailand, ¢ Kasetsart University, Kumpangsan, Nakhonpathom,
73000, Thailand, ¢ Utrecht University, Yalelaan 7, 3584 CL Utrecht, The Netherlands

Summary

The objective of this study was to determine the risk factors of subacute ruminal
acidosis (SARA) and subclinical ketosis (SCK) of dairy cows in small dairy holders of
Kampangsan milk cooperation, Thailand. The study was conducted as a cross-sectional study
in early lactation cows during 3-5 weeks postpartum in 36 farms (328 cows). Individual cow
factors, the problems after calving, feed&feeding managements, housing styles, and calving
months and seasons were recorded during farm visits. Serum B-hydroxybutyrate (SBHB) was
measured to detect SCK (SBHB level > 1.40 mmol/l), while ruminal fluid was collected by
rumenocentesis at 2-4 hours after feeding to detect SARA (ruminal pH < 6). Multivariable
analysis was done with all independent factors and using dependent factors as continuous
data (SBHB or ruminal pH) by GLMM (proc mixed) model while farms were included in the
model as random effect. Dichotomous factors (SCK or SARA) were evaluated with all
factors by stepwise logistic regression model. The prevalence of SARA and SCK were 30%
and 21.1%, respectively. The linear association of SBHB in the model included positive
effects of ruminal pH and precalving BCS, and negative effects of eating normally comparing
with off feed during transition period, while the linear association of ruminal pH included
positive effects of SBHB, age, postpartum BCS, and negative effects on feeding baby corn
husk, corn tip, corn tree, napier grass and roughage feeding > 3 times/day. The risk factors of
SARA were found in the stepwise logistic model including low precalving BCS (OR= 0.47),
cows fed with corn tip&baby corn husk (OR= 33.05), corn tree&napier grass (OR= 4.99)
comparing with rice straw, and cows fed more frequently roughage (OR= 3.12). The risks of
SCK were found in cows with high ruminal pH (OR= 7.10), high precalving BCS (OR=
2.74), more loss of BCS (OR= 4.23) and cows fed low amount of concentrate per time (OR=
5.59). Problems of SARA and SCK could be minimized or prevented using feed&feeding
management strategies.

Keywords: SBHB, ruminal pH, SCK, SARA

Introduction

The dairy farm industry in Thailand was established since 1963 but still is confronted
with low milk production and low fertility especially in small dairy holder farms. In general,
SCK affects on milk production and fertility in the dairy cows (Duffield, 2000; Garrett et al.,
1989), and SARA affects on health and appetite (Enemark and Jorgensen, 2001; Kleen et al.,
2003). Because few studies about metabolic disturbances in Thailand have been done, the
metabolic disturbance might be the major problem in Thai small dairy holders with various
kinds of management. Many factors such as individual cow factors, feed&feeding
management, calving month, calving season, and housing styles might be the risk of SCK and
SARA. The objective of this study was to determine the prevalence of SCK and SARA
during postpartum period in small dairy holder farms and the involving factors might be the
risk of these metabolic disturbances either directly or indirectly. A suitable management
should be provided by the farmer in order to prevent metabolic disturbance in their farms



which will be the first step to improve milk production and fertility in Thai small dairy holder
farms.

Materials and Methods
Cows and management data

36 herds were selected conveniently from farm members of Kampangsan milk
cooperation. Herd size was between 5 and 28 milking cows. The study was conducted as a
cross sectional study in cows calving during January to December, 2004. 328 cows in 36
farms were recorded for age, lactation number, days in milk, precalving body condition score
(BCSO0), postpartum body condition score (BCS1) during 3-5 weeks after parturition and the
periparturient problem occurrences until 5 weeks after parturition including difficult calving,
off feed, retained placenta, metritis, cystic ovary, ovarian dysfunction and mastitis. BCS was
evaluated following the pattern of Edmonson et al., (1989) giving the minimum unit at 0.25.
Feed & feeding management were interviewed and observed during regular farm visits once a
month including concentrate types, roughage types, frequency of feeding, percentage of
protein in concentrate, amount of concentrate feeding per time, and roughage chopping.
Moreover, housing styles, calving months and calving seasons were also recorded.
Definitions and coding for statistical analysis of all factors are shown in table 1.

Sampling and analysis

Serum and ruminal fluid were collected 2-4 hours after feeding during 3-5 weeks
postpartum. Ruminocentesis was done following the method of Garrett et al., (1999) and pH
measured immediately by portable pH meter. SBHB was measured by kinetic enzyme
method using a commercial kit (Ranbut D-3-hydroxybutyrate kit number RB1008; Randox
Laboratories LTD., Crumlin, UK) and SUN was determined by Urease-Berthelot method
(Urea UV kit number AD822U, Audit Diagnostics, Doughcloyne-Cork, Ireland).

Statistical analysis

Descriptive statistics and the association between ruminal pH or SBHB as dependent
factors and other independent factors showing in table 2 were analyzed by using univariable
analysis with linear regression model in SAS for windows version 8 (1999). The
multivariable linear model was evaluated by using ruminal pH or SBHB as a dependent
factor with all independent factors including cow factors, problems after calving,
feed&feeding management, housing styles, and calving months and seasons. Moreover, farms
were included in the model as random effect. General linear mixed model (proc mixed) in
SAS for windows version 8 (1999) was used for multivariable analysis by free entering
method using estimation method of residual maximum likelihood at 95% confidence interval.
Multivariable logistic regression model was determined by using stepwise procedure in SAS
for windows version 8 (1999) between a dependent factor as SARA or SCK which were
identified below with all independent factors including individual cow factors, problems after
calving, feed&feeding management factor, housing styles, calving months and seasons.
SARA was defined at ruminal pH <6, while SCK was defined at SBHB> 1.4 mmol/l. Pearson
Goodness-of- fit was evaluated to the best fit of the model.

Results
Individual cow and problems after calving

The prevalence of SARA and SCK were 30% and 21.1%, respectively. Univariable
analysis of ruminal pH model shown in table 2 found the positive effect of age, and lactation
number, while negative effect on milk weight at sampling time was significantly associated
with ruminal pH (p<0.05). However, multiple analysis shown in table 3 after adjusting to
other factors found that age still was associated significantly and linearly with positive effect
on ruminal pH and also SBHB and BCS1. In multiple logistic model showing in table 4, high



BCSO0 cows were preventive factor of SARA (OR= 0.47) after adjusting to other factors in
the model.

The linear positive associations of SBHB with BCS0, BCS2 and off feed cows during
transition period were found significantly (p<0.05) in the univariable model. Moreover,
BCSO0 and off feed cows were still associated linearly with SBHB in multiple analysis model
and SBHB showed also associated positive effect on ruminal pH after adjusting to other
factors. The multiple logistic model found that the risk increase of SCK included high
ruminal pH (OR=7.10), high BCSO (OR= 2.74) and BCS2 (OR= 4.23) as shown in table 4.

Feed&feeding management

The associations between concentrate feeding frequency, concentrate amount per time
of feeding, roughage types or roughage feeding frequency with ruminal pH were found in
univariable analysis shown in table 2. In the linear multiple model, roughage types and
roughage feeding frequency were still significantly associated with ruminal pH (p<0.05).
Cows being fed with baby corn husk&corn tip, corn tree&nepier grass having lower ruminal
pH than cows fed with rice straw and cows fed roughage > 3 times/day had low ruminal pH
as shown in table 3. This result was similar to the multivariable logistic model results shown
in table 4. Cows fed with baby corn husk&corn tip were at the highest risk to SARA (OR=
33.05) as compared to cows fed rice straw, while cows fed with corn tree&napeir grass were
not significant in the model.

In linear univariable analysis, SBHB associated significantly (p<0.05) with
concentrate types, concentrate feeding frequency, and roughage feeding frequency.
Nevertheless, no feed&feeding management factors related with SBHB in linear
multivariable analysis (table 3) except for low amount of concentrate fed per meal time (OR=
5.59) were still a risk to SCK in multiple logistic model as shown in table 4.

Housing styles, calving months and seasons

In univariable analysis, cows were with higher SBHB in tied stall housing than cows
were in loose housing. The lowest ruminal pH (5.89+0.36) was in cows calving in January
but ruminal pH was not different among seasons, while SBHB was not different among
calving seasons and calving months.

Discussion

In general, primiparous cows seemed more prone to low ruminal pH values (< 6.0)
than were multiparous cows (Enemark et al., 2004) because of more difficult adaptation to
high concentrate levels during periparturient period. However, Maekawa et al. (2002a)
reported that multiparous cows may have a greater risk of incurring acidosis than primiparous
cows because increased salivary secretion associated with increased chewing may not
sufficiently compensate the increment of fermentation acids produced in the rumen due to
high feed intake. In this study, we found that primiparous cows have lower ruminal pH than
multiparous cows at 3-5 weeks postpartum, while no effect of age or lactation number on
SBHB was showed.

Low ruminal pH occurred more frequently in low BCS cows than in high BCS cows
at 3-5 weeks postpartum. Inadequate feeding strategies during transition period may be the
main cause of low ruminal pH and reduce appetite (Enemark and Jorgensen, 2001) and low
ruminal pH reduce dry matter intake of both concentrate and hay (Gozho et al., 2005). SARA
also reduces the rumen digestion of NDF from grass hay, legume hay, and corn silage
(Krajcarski-Hunt et al., 2002). Moreover, SARA induced a systemic inflammatory response
in the steers (Gozho et al., 2005). The BCS were slightly lower in cows fed low degradable



protein feed with lower ruminal pH than cows fed highly degradable protein feed (Fekete et
al., 1996). Low BCS might result from low ruminal pH with above reason.

In this study, high precalving BCS cows and more loss of postpartum BCS were high
risk to SCK or high SBHB level but high precalving BCS cows were at low risk to SARA.
Subclinical ketosis cows might eat less concentrate than healthy cows as shown in table 4, so
ruminal pH should be at less risk to low level. On the other hand, cows fed by more
concentrate and less fiber had lower ruminal fluid pH (Reed et al., 1997). The positive
association between ruminal pH and SBHB also was found in this study. Cows fed more feed
which might be more concentrate or less fiber, induce lower ruminal pH and also get lower
SBHB.

Cows with NEB had higher precalving BCS than healthy cows, and then they lost
more body condition (Pedron et al., 1993;Gillund et al., 2001). SCK cows were more
sensitive to oxidative stress (Bernabucci et al., 2005) and increase the level of SBHB and
NEFA (non-esterified fatty acid) ( Pedron et al., 1993;Bernabucci et al., 2005). On the other
hand, cows had lower body condition scores (BCS) in the dry period but lost less body
condition in early lactation (Mayne et al., 2002). In this study, high precalving BCS and high
loss of BCS postpartum were a high risk to SCK. Furthermore, this result shows that cows
refusing to eat during transition period had higher level of SBHB postpartum than cows
which adapted themselves to eat normally.

Cows fed with baby corn husk or corn tip and more frequent feeding were at high risk
to SARA or low ruminal pH which result from these roughages that are high in rumen
available carbohydrates, or forage that is low in effective fiber inducing low ruminal pH
(Nocek, 1997). Neutral detergent fiber of baby corn husk, corn tip, corn tree, napier grass and
rice straw were approximately 55.1%, 57.7%, 65.0%, 63.0%, and 74.4%, while total
digestibility nutrients (TDN) were 61.5%, 63%, 56%, 54%, and 47%, respectively (personal
data). Moreover, the result from univariable analysis indicated that more amount concentrate
and more frequenct feeding also affect low ruminal pH and low SBHB. Cows ate a high
proportion of concentrate inducing SARA especially when roughage was fed separately from
concentrate (Maeckawa et al., 2002b; Nocek et al., 2002). However, it also can reduce SCK by
increasing the amount of concentrate fed per meal. Factors such as energy- and protein-rich
roughage, tasty high-energy concentrates, suitable feeding during the dry period, and division
of the concentrates into at least four meals are considered to be important to reduce SCK
(Andersson, 1988)

The balance between amount and frequent feeding of both roughage and concentrate
is important to reduce both SARA and SCK. The ratio between concentrate and roughage
including nutrient requirement should be adjusted for individual cows to reach suitable
production with a good health. Further study should investigate the effect on fertility and
milk production what is the best nutritional management tool to make more benefit to farmer.
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Table 1. Continuous and categorical variables, their definition and coding of category data

evaluated in the models.

Continuous Independent factors
variables
Individual cow factors
Age Age (years)
Lact. No. Lactation number; 1= lact. No. 1, 2= lact. No. 2-3, 3= lact. No. >4
BCS0 BCS at 1 week before calving
BCS1 BCS at sampling time 3-5 week postpartum
BCS2 Difference between BCSO and BCS1
SBHB Serum betahydroxybutyrate (mmol/l)
Ruminal pH  Ruminal pH collected by ruminocentesis at ventral sac of rumen
SUN Serum urea level (mg/dl)
MW Milk weight at sampling date (kg/day)
Categorical Independent factors
variables
Problems after calving
Oorl Difficult calving; 0= normal calving, 1= difficult calving
Oorl Off feed during postpartum period; 0= normal eating, 1= off feed
Oorl Retained placenta at more than 24 hours postcalving; 0= no, 1= yes
0orl Metritis by clinical observation; 0=no , 1=yes
Oorl Cystic ovary examined by rectal papalpation; 0= no, 1= yes
Oorl Ovarian dysfunction meaning small and smooth ovary by rectal
palpation and no estrous observation; 0= no, 1= yes
Oorl Clinical mastitis by clinical observation; 0= no, 1= yes
Feed&Feeding management factors
1-2 Concentrate type; 1= commercial, 2= hand made
1-2 % protein of concentrate; 1= 16-18% protein, 2= 14% protein
1-3 Concentrate feeding frequency; 1> 4 times/day, 2= 3 times/day, 3= 2
times/day
1-2 Concentrate amount per time of feeding; 1< 4 kg/time, 2 > 4 kg/time
1-3 Roughage type; 1= corn tip&baby corn husk, 2= corn three&napier
grass, 3= rice staw
1-3 Roughage feeding frequency; 1> 3 times/day, 2< 3 times/day
0orl Roughage chopping; 0= no, 1= yes
Calving months, calving seasons and housing styles
1-3 Calving season; 1= Mar-Jun, 2= Jul-Oct, 3= Nov-Feb
1-12 Calving month; 1= Jan, 2= Feb, 3= Mar, 4= Apr, 5= May, 6= Jun, 7=
Jul, 8= Aug, 9= Sep, 10= Oct, 11=Nov, 12= Dec
1-2 Housing style; 1= Loose housing, 2= Tied stall




Table 2. Univariable analysis using general linear regression model for risk factors for 2
dependent factors; ruminal pH or SBHB sampled 3-4 wks postpartum.

Variables Ruminal pH SBHB
N mean SD P N mean SD P
value value
Individual cow factors
Age (years) 303 6.14 033 0.00 298 1.18 1.05 0.66
(mean + SD=5.06 + 2.25)
Lact. No. 320 6.15 034 0.05 317 1.17 1.02 0.20
1= lact no. 1 81 6.11 0.35 79 117 1.23
2= lact no. 2-3 153 6.13 0.33 149 1.07 0.75
3=lactno.> 4 86 622 0.32 89 132 1.20
BCS precalving 285 6.16 034 0.09 279 1.19 1.06 0.00
(mean = SD=3.06 + 0.48)
BCS postpartum 320 6.15 034 021 317 1.17 1.02 0.13
(mean = SD=2.75+ 0.41)
Change of BCS 285 6.16 034 028 279 1.19 1.06 0.00
(mean = SD=0.31 + 0.35)
SBHB 317 6.15 034 0.00
Ruminal pH 317 1.02 0.00
SUN 309 6.15 033 042 317 1.02 0.37
(mean + SD=12.09 + 5.09)
Milk weight 322 6.15 034 0.02 322 1.17 1.02 0.61
(mean + SD=16.78 + 4.67)
Problems after calving
Difficult calving 320 6.15 034 0.62 317 1.17 1.02 0.75
0=no 249 6.15 0.33 250 1.18 1.03
1=yes 71  6.13  0.37 67 1.13 1.00
Off feed after calving 320 6.15 034 0.66 317 1.17 1.02 0.00
0=no 286 6.15 281 1.11 0.89
1=yes 34 6.13 36 1.63 1.71
Retained placenta 320 6.15 034 052 317 1.17 1.02 0.49
0=no 278 6.15 034 276 1.18 1.06
1=1yes 42 6.12 035 41 1.07 0.76
Metritis 320 6.15 034 026 317 1.17 1.02 0.17
0=no 273 6.16 0.33 273 1.20 1.07
1=yes 43 6.10 0.38 44 097 0.60
Cystic ovary 320 6.15 034 058 317 1.17 1.02 0.29
0=no 308 6.15 0.34 306 1.16 1.00
1=yes 12 620 0.34 11 1.50 1.63
Ovarian dysfunction 320 6.15 034 0.69 317 1.17 1.02 0.19
0=no 208 6.16 0.33 207 1.22  1.06
1=yes 112 6.14 0.35 110 1.07 0.95
Mastitis 320 6.15 034 083 317 1.17 1.02 0.15
0=no 285 6.15 034 281 1.20 1.06
1=yes 35 6.16 0.33 36 094 0.59




Variables Ruminal pH SBHB
N mean SD P N mean SD P
value value
Feed&feeding management factors
Concentrate type 320 6.15 034 0.10 317 1.17 1.02 0.03
1= Commercial 216 6.17 0.33 210 1.26 1.17
2= hand made 104 6.10 0.34 102 0.98 0.58
%protein of concentrate 320 6.15 0.34 0.35 317 1.17 1.02 0.35
1= 16-18% protein 275 6.16 0.34 273 1.19 0.06
2= 14% protein 45 6.11 033 44 1.04 0.77
Concentrate feeding frequency 320 6.15 034 0.00 317 1.17 1.02 0.01
1> 4 times/day 110 6.04 0.30 104 093 0.51
2= 3 times/day 26 6.24 031 23 135 1.18
3= 2 times/day 186 6.20 0.34 190 1.28 1.18
Concentrate amount per time of 320 6.15 034 0.03 317 1.17 1.02 0.04
feeding
1< 4 kg/time 267 6.17 0.34 266 1.22  1.07
2 > 4 kg/time 53 6.06 0.31 51 090 0.64
Roughage type 320 6.15 034 0.00 317 1.17 1.02 0.15
1= corn tip&babycorn husk 22 585 035 23 091 0.39
2= corn three&napier grass 262 6.14 0.32 258 1.16 0.92
3=rice straw 36 640 0.26 36 143 1.75
Roughage feeding frequency 320 6.15 034 0.00 317 1.17 1.02 0.03
1> 3 times/day 54 599 0.30 52 0.89 0.68
2< 3 times/day 266 6.18 0.33 265 122 1.07
Roughage chopping 320 6.15 034 098 317 1.17 1.02 0.52
0=no 134 6.15 0.32 135 1.13 1.16
1=yes 186 6.15 0.35 182 1.20 0.91
Calving months, calving seasons and housing styles
Calving seasons 320 6.15 034 053 317 1.17 1.02 0.08
1= Mar-Jun 102 6.14 0.30 104 0.99 0.58
2= Jul-Oct 113 6.13 0.34 106 130 1.11
3= Nov-Feb 105 6.18 0.36 107 1.21 1.23
Calving months 320 6.15 034 0.03 317 1.17 1.02 0.23
1=Jan 14 589 036 14 091
2="Feb 21  6.17 0.29 21 097
3= Mar 30 6.03 0.30 32 1.21
4= Apr 28  6.20 0.3l 28 0.83
5= May 20 6.23 0.29 20  0.86
6=Jun 35 6.14 032 35 1.01
7= Jul 13 6.14 045 13 1.26
8= Aug 30 6.13 0.37 27 145
9= Sep 40 6.12 0.31 36 143
10= Oct 49 623 037 49 1.27
11=Nov 26 6.28 0.28 26 140
12=Dec 14 6.12 033 16 1.05
Housing styles 322 6.15 034 056 317 1.17 1.02 0.01
1= Loose housing 205 6.14 0.34 199 1.06 0.80
2= Tied stall 115 6.16 0.34 118 1.36 1.30




Table 3. Multivariable analysis by general linear mixed model (proc mixed) of 2 dependent
factors including ruminal pH or SBHB sampled 3-4 week postpartum and farms were
included in the model as random effect.

Factor i SE (B P value
Ruminal pH

Fixed effects

SBHB 0.04 0.02 0.01

Age 0.02 0.01 0.00

BCS postpartum 0.14 0.05 0.00

Roughage type

1= corn tip and baby corn husk -0.55 0.09 0.00

2= corn three and napier grass -0.23 0.06 0.00

3=rice straw base line - -

Roughage feeding frequency

1> 3 times/day -0.18 0.06 0.01

2< 3 times/day baseline - -

Constant 5.82 0.14 0.00

Random effect

Farms 0.01 0.00 0.05

SBHB

Fixed effects

Ruminal pH 0.49 0.19 0.02

BCS precalving 0.45 0.14 0.00

Off feed after calving

0=no -0.39 0.20 0.05

1=yes baseline - -

Constant -2.82 1.18 0.02

Random effect
Farms 0.12 0.06 0.03




Table 4. Multiple analysis by stepwise procedure of logistic regression model for risk factors
of 2 dependent factors; SARA (pH<6.0) or SCK (SBHB> 1.4 mmol/l) sampled 3-4 week
postpartum. Criteria to enter p<0.1 and stay p<0.05, Pearson goodness of fit "= 0.47 for
SARA model, Pearson goodness of fit y*= 0.65 for SCK model.

Factor yij SE (B Wald’s OR 95%Cl P

value
SARA

BCS precalving -0.76 0.37 4.19 0.47 0.23-0.97 0.04

Roughage types

-rice straw baseline - - - - -

-corn tip&baby corn husk 1.80 0.42 17.88 33.05  5.62-194.54 <0.00

-corn three&napier grass -0.09 0.32 0.09 4.99 1.12-22.20  0.77

Roughage feeding

frequency

1> 3 times/day 0.57 0.19 8.53 3.12 1.45-6.70 0.00

2< 3 times/day baseline - - - - -

Constant 1.78 1.20 2.20 - - 0.14

SCK

Ruminal pH 1.96 0.60 10.79 7.10 2.21-22.88  0.00

BCS precalving 1.01 0.43 5.63 2.74 1.19-6.31 0.02

Change of BCS 1.44 0.60 5.69 4.23 1.29-13.86  0.02

Concentrate amount per

time of feeding

1< 4 kg/time 0.86 0.34 6.32 5.59 1.46-21.42  0.01

2 >4 kg/time baseline - - - - -

constant -17.85 3.97 20.18 - - <0.00
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ABSTRACTS

The research was conducted as a longitudinal study at -8, -4, 0, 2, 4, 6, 8, and 12
weeks postpartum to investigate the relation of BCS, SBHB and SUN with the different
status of ruminal pH classified to be SARA (ruminal pH < 6) and Non-SARA (ruminal
pH 2 6) cows; ruminal pH was measured by rumenocentesis at 3-4 weeks postpartum.
Moreover, the cross-sectional study was also conducted to evaluate the risk factor of
SARA in cow level including age, lactation number, problems during transition period
including difficult calving, systemic illness, retained placenta, metritis, cystic ovary,
mastitis and lameness, and BCS, SBHB&SUN sampled at 4 weeks. The effect of SARA
on conception was evaluated before 150 days postpartum. SBHB was different between
SARA and Non-SARA group at 2-4 weeks postpartum; the highest level was found at 4
weeks after parturition in Non-SARA groups while SBHB in SARA group was not
different among sampling times for the whole study. BCS was not different between
SARA and Non-SARA group. SUN in both groups reached the highest level at 2-4 weeks
postpartum and SUN in SARA group was higher than SUN in Non-SARA group after
parturition at 2 and 12 weeks postpartum. The results in multivariable logistic model of
cross-sectional study showed that primiparous cows and low SBHB cows at 4™ week
were at high risk of SARA. The effect of SARA on conception before 150 postpartum
was evaluated by Cox’s proportional hazard model. The probability of cows with SARA
conceiving before 150 days was 0.51 times (HR=0.51, p<0.1) of cows with Non-SARA.
However, further studies into the mechanistic pathway have to be conducted which might
involve ether the hypothalamic-pituitary-ovarian axis passed through inflammatory
mediator or effect of inflammatory mediator on contraction of smooth muscle.

INTRODUCTION

Subacute Ruminal Acidosis (SARA) is likely to arise when dairy farms try to
increase milk production by feeding more concentrates especially during early lactation.
Ruminal environment is not adapted for high-energy diets such as high ruminal available
carbohydrate and inaccurate calculation of  dry-matter-intake leading to wrong



roughage/concentrate ratio which are the main causes of SARA (Kleen, et al., 2003,
Nocek, 1997). SARA activates a systematic inflammatory response (Gozho, et al., 2005),
reduces appetite (Enemark and Jorgensen, 2001) and causes laminitis (Nocek, 1997)
leading to more loss of body condition score which might change some blood metabolic
parameters. Furthermore, some reports have shown that this inflammation-like response
is related with infertility (Hansen, et al., 2004). A study in steers has shown that acute
acidosis increased negative energy balance and increase of plasma NEFA concentration
(Brown, et al., 2000) but no study in dairy cows shows clear results, particularly in case
of SARA and the effect of SARA on fertility. Hence, the objectives of this study are to
evaluate the relationship between SARA and some metabolic parameters such as BCS,
serum B-hydroxybutyrate (SBHB) and serum urea (SUN), and the effect of SARA on
conception before 150 days postpartum.

MATERIALS AND METHODS
Cow data

The research was conducted as a cross-sectional and longitudinal study in cows
calving during Janury 2004- March 2005 in 36 small-holder dairy farms in Kampangsan
milk cooperation, Nakhonpathom province, Thailand. In the previous study found that the
4™ week after parturition is the highest risk of metabolic problems(Andersson, 1988).
Thus, 387 cows were included in cross-sectional by using data at the 4™ week after
parturition. 167 cows were randomly selected for longitudinal study. Cow data was
collected including age, lactation number, days in milk, calving date, inseminated date
and the problems during transition period such as difficult calving, systemic illness,
retained placenta, metritis, cystic ovary, mastitis and lameness. BCS and blood samples
were collected at -8, -4, 0, 2, 4, 6, 8 and 12 weeks after parturition. BCS was evaluated
following the method of Edmonson (Edmonson, et al., 1989) giving the minimum unit at
0.25. Ruminal fluid was collected 2-4 hours after feeding during 3-5 weeks postpartum
by ruminocentesis following the method of Garrett (Garrett, et al., 1999) and pH
measured immediately by portable pH meter. The subacute ruminal acidosis (SARA) was
identified using cutoff at ruminal pH < 6. Cows were examined for pregnancy by rectal
palpation at 60 days after the last insemination.

Laboratory analysis

SBHB was measured by kinetic enzyme method using a commercial kit (Ranbut
D-3-hydroxybutyrate kit number RB1008; Randox Laboratories LTD., Crumlin, UK) and
SUN was determined by Urease-Berthelot method (Urea UV kit number AD822U, Audit
Diagnostics, Doughcloyne-Cork, Ireland).

Statistical analysis

Univariable logistic regression model was used in cross-sectional study to
evaluate the risk of SARA with independent factors such as age, lactation number,
problems during transition period including difficult calving, systemic illness, retained
placenta, metritis, cystic ovary, mastitis and lameness, and BCS, SBHB&SUN sampled at
4 weeks. The factor associated with SARA at p<0.25 in the univariable model was
entered in multivariable logistic regression model with stepwise procedure and the factor
was allowed to remain in the multivariable model at p<0.1 evaluated by SAS for



windows version 8 (1999). Pearson Goodness-of- fit was evaluated to the best fit of the
model.

SBHB, BCS and SUN in the longitudinal study were evaluated for SARA and
Non-SARA cows by repeated measurement analysis in mixed procedure (SAS version 8,
1999). Farms and cows were in the model as the subject effect while sampling time at -8,
-4,0, 2, 4, 6, 8 and 10 weeks postpartum was tested for the repeated effect comparing by
least square means at p<0.05 (SAS version 8, 1999).

The effect of SARA on the conception before 150 days after parturition was
investigated by Cox’s proportional hazard model (the PHREG procedure in SAS System
for windows version 8, 1999) using days at conception after parturition as survival time
and SARA cows as explanatory factor with criteria entering at p< 0.1 and staying at p<
0.1. The cows conceiving before 150 days after parturition was sensor for cumulative
survival probability comparing between the SARA and Non-SARA group (p<0.1). The
associations between ruminal pH and cows conceiving before or after 150 days was
evaluated by two sample T-test for means (p<0.01).

RESULTS

SBHB, BCS and SUN were not different between SARA and Non-SARA before
calving but these parameters had changed after parturition. SBHB in Non-SARA group
increased at calving period and reached the highest level at 4 weeks after parturition.
SBHB in Non-SARA group was higher significantly than SBHB in SARA group at 2-4
weeks after parturition. SBHB in SARA group was not different among sampling times
for the whole study (figure 1). BCS in both groups decreased at calving period and reach
the lowest level at 2-6 weeks after parturition. However, BCS in SARA group was not
different from BCS in Non-SARA group for the whole study (figure 2). SUN in both
groups increased after parturition. SUN in SARA group was higher than SUN in Non-
SARA group at the 2" and 12" week after parturition (figure 3). The result of the
multivariable logistic model showed that primiparous cows and low SBHB cows at 4"
week after parturition were at high risk to SARA (table 1). In the study effect of SARA
on conception found that the probability of SARA cows conceiving within 150 days less
than cow in Non-SARA group with HR = 0.51 (p<0.1). The survival distribution function
was shown the difference between SARA and Non-SARA cow in figure 5. Ruminal pH
in cows conceiving before 150 days postpartum (6.22 = 0.03) was also significantly
(p<0.005) higher than ruminal pH in cows conceiving after 150 days postpartum (6.09 +
0.02) (figure 4).

DISCUSSION

A common feeding management strategy to increase milk production is to
increase concentrate supply such as the dietary content of readily fermentable nonfiber
carbohydrates (Nagaraja, et al., 1998, Nocek, 1997) and rumen degradable protein (Fekete, et
al., 1996). However, these may cause ruminal acidosis and high SUN which was also
found in this study. SBHB in Non-SARA group was higher than in SARA group at 2-4
weeks after parturition meaning that Non-SARA cow has more chance to confront with
the problem of negative energy balance while SARA cows have no effect ether on
negative energy balance or BCS loss as other studies (Mutsvangwa, et al., 2004, Nocek,
1997). However, these studies referred to acute acidosis differing from SARA in this



study. SUN increased in both groups after parturition and SUN in SARA group was
higher than SUN in Non-SARA group at 2 and 12 weeks after parturition. However,
increase of SUN after parturition was still in the normal level. This occurrence might
involve with ether negative energy balance or high amount of concentrate fed to the cow.
The cow eats more amount concentrate after parturition meaning high amount of both
carbohydrate and protein was ate. Feeding by high amount of carbohydrate let the cow to
a high risk of SARA (Kleen, et al., 2003, Nocek, 1997, Owens, et al., 1998) and feeding
by high amount of protein let the cow to have high SUN (Fekete, et al., 1996, Roseler, et
al., 1993, Visek, 1984). SUN laso might be released to compensate for negative energy
balance in gluconeogenesis by proteolysis (Bobe, et al., 2004, Murondoti, et al., 2004).
Moreover, the increase of SUN may occur because in chronic ruminal acidosis excessive
lactate is absorbed into the bloodstream which can induce metabolic acidosis leading to
upregulated gene expression of the major proteolytic pathway in skeletal muscle and
undesirable muscle protein wasting (Mutsvangwa, et al., 2004). However, BCS should
decrease with the process of proteolytic pathway but BCS in SARA cows was not
different from BCS in Non-SARA cows in this study. Nevertheless, negative energy
balance occurred in both groups showing the decrease of BCS to the lowest BCS at 2-6™
occurring in both groups but did not find the difference between groups. However, SBHB
in Non-SARA group was increase with high acceleration more than SBHB in SARA
group.

In general, primiparous cows seemed more prone to low ruminal pH values (<
6.0) than were multiparous cows (Enemark, et al., 2004) because of more difficult
adaptation to high concentrates during periparturient period. However, Maekawa et al.
(2002) reported that multiparous cows may have a greater risk of incurring acidosis than
primiparous cows because increased salivary secretion associated with increased chewing
may not sufficiently compensate for the increment of fermentation acids produced in the
rumen due to high feed intake (Maekawa, et al., 2002). In this study, we found that
primiparous cows had lower ruminal pH than multiparous cows at 4 weeks postpartum.

The association of SARA and conception was shown in figure 4 and 5. The
ruminal pH in cows conceiving later than 150 days postpartum (6.09 + 0.02) was
significantly lower than in cows conceiving earlier than 150 days (6.22 + 0.03). The
cumulative survival probability of conception before 150 days after parturition in Non-
SARA group was significantly higher than in SARA group. Some reports have shown
that ruminal acidosis increases histamine (Gabel, et al., 2002), endotoxin, arachidonic
acid metabolites (Andersen, et al., 1994) and lypopolysaccharide concentration in blood
(Gozho, et al., 2005). These inflammatory mediators can disturb the hypothalamic-
pituitary-ovarian axis by inhibiting the secretion or pulsatile pattern of luteinizing
hormone, and reduces circulating concentrations of progesterone (Hansen, et al., 2004)
which inhibit ovulation, oocyte maturation, folliculogenesis and luteal function. Thus, it
is possible that SARA reduce conception by blocking luteal function or decrease blood
progesterone level to maintain the pregnancy through the interference of inflammatory
mediators. The influence of inflammatory mediators on fertility in dairy cows might
explain as in case of mastitis (Hansen, et al., 2004). Moreover, The study in human
shown that inflammatory mediators such as histamine and PGF2c«c increase the
contraction of smooth muscle of oviduct resulting failure in conception (Downing, et al.,
1999). High SUN in SARA group might effect conception by decreasing blood



progesterone concentration in cases of SUN > 20 mg/dl (Barton, 1996) but the highest
mean of SUN in SARA group was less than 20 mg/dl which was a normal level and it
should less affect fertility. However, the study was the end at 12 weeks after parturition,
the level of SUN at later weeks has no information but the milk production after 3 months
decreases and less amount of concentrate would be fed.

CONCLUSION

SBHB and SUN were different in cow with SARA and Non-SARA. SARA
reduce the probability of cow conceiving before 150 after parturition. Feeding
management strategy in early lactation by increasing concentrates might increases the
risk of SARA which may reduce conception. However, the mechanistic pathway still
needs to be elucidated in further research.
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Table 1. Results of Multivariable analysis by stepwise procedure of logistic regression
model for risk factors of SARA (pH<6.0) measured 3-4 week postpartum. Criteria to
enter p<0.25 and retain p<0.1, Pearson goodness of fit %= 0.51.

Independent factors B SE(f) Wald's OR Cl190% pvalue

SBHB -0.53 0.23 535 0.59 0.40-0.86 0.02
Age -0.12 0.07 3.15 0.89 0.80-0.99 0.08
constant 0.21 0.40 0.28 - - 0.60
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Figure 1. LS Means (x SEM) of SBHB after parturition in Non-SARA cows (—s=—; n =
108 ) and SARA cows (—m—; n = 44). a, b and c indicated the significant difference (P<
0.05) within the same group in different time periods. ~ indicate the significant
difference (P< 0.05) between SARA and Non-SARA cows at the same sampling time.
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Figure 2. LS Means (+ SEM) of BCS in Non-SARA cows (—s=—; n = 108 )and SARA
cows (—m—; n = 44). a, b, ¢ and d indicated the significant difference (P< 0.05) within
the same group in different time periods.
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Figure 3. LS Means (+ SEM) of SUN in Non-SARA cows (—s=—; n = 108 ) and SARA
cows (—m—; n=44). a, b, c, d and e indicated the significant difference (P< 0.05) within
the same group in different time periods. ~, " indicate the significant difference (P<
0.05, P< 0.01, respectively) between SARA and Non-SARA cows at the same sampling
time.
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Figure 4. Comparison of ruminal pH (mean + sem) measured at 3-4 weeks postpartum
between cows conceiving before 150 days after parturition (n = 154) and cows
conceiving after 150 days (n = 210). a and b indicate the significant difference between
groups (P < 0.01).
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Figure 5. Comparison of cumulative probability of days at conception before 150 days
between SARA cows (—=—; n = 44) and Non-SARA cows (—=—; n = 108) measured
at 3-4 weeks postpartum.
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