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Abstract
Forty male Thai Friesian-Holstein calves, about 1 week of age, were purchased at a local
market. Their body weight was 33 + 1.7 kg (mean + SD, n = 40). The calves were
housed individually in metal stalls (80°175 cm) with rice straw as bedding. The calves
were fed one of four experimental concentrate diets that differed in the level of calcium.
The concentrates contained 0.7, 1.1, 1.7 or 2.2% calcium. Additional calcium was
added in the form of calcium carbonate. The concentrates were fed at a level of 1% of
body weight. The amount of reconstituted milk supplied was about 10% of body weight.
The concentrates were fed at a level of 1% of body weight. When the calves were aged
2 weeks, they were given free access to pangola grass hay. At the end of experiment,
final body weight and weight gain were raised by the calcium level in the concentrate in
a dose-dependent, linear fashion. Apparent digestibility of dry matter, organic matter,
crude protein and crude fat were not influenced by the level of calcium in the
concentrate. The number of fecal lactobacilli was significantly increased by higher
dietary calcium levels, the effect having a linear trend. Calcium intake did not change
the number of fecal E. coli. The apparent absorptions of calcium, phosphorus and
magnesium were lowered in a linear, dose-dependent fashion by the calcium level in the
concentrate. Blood parameters were not significantly different by increased calcium
level. In conclusion, increased calcium intakes stimulate weight gain in dairy calves fed
a combination of milk replacer, concentrate and grass hay. This calcium effect may be

related to an enhanced colonization of the intestine with lactobacilli.
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2.3 NSRS ULASNRAININITURINTLLNIERAILARNLADY

o

& % 1
o o a

AnSiAs@eelnINmuINTatinesailaadausia  (Birth)  aunseialnfnss

(Mature)  T9NNTWAIKITR9IZLLNIAKENNNT  IAehanie uda1a89nIonIZan N siud
o o % [ % a dlo/ Yo dl =

ANMNANATIARAARAITLITTIATR9R MNIRARS AT AN9197 1 uamsnaTEUE LU ATe

nszmnzamsladiaany i

A5197 2.1 WRELNLIWIAT8INTTINITRNUNT I aaNe A e

a1guaIAaen (Fla)

0 4 8 12 16 20-26 34-48
reticulo-rumen 38 52 60 64 67 64 64
Omasum 13 12 13 14 18 22 25
abomasum 49 36 27 22 15 14 11

ﬁm: AR (2541)

anianaludludauaes reticulum, rumen uaz omasum S9lHNNIAIWA N9
111971 wazfiauaLanet) ey abomasums (Tamate et al., 1962) rumen Azing
o | G A = : = = PPy
Waunat193aasaLladannsnnasgnesinnrginunarinisilasugtluuuanunsn 1

(Brownlee, 1956) WaNANL 81MNIENHENENAFBNIWELITBIN TN HBANANNAE

v
%

wazf 9N HaNNN IR III89TU epithelium LAY muscular TBINTLNIZINUY BNTISTUIA
PDINTLNNZPUUEIAN 9T BT R8I Fae9TUe9BNAe (Flatt et al., 1958) AANIAATL
waas i iuana NI NENENARaNI91a3 Y183 papillae Wazn1IRALIdanaas ldinanszny
Fi9 muscular Y3aTUNATBINTLINZLHY

NIIINANUIUDENNTIALTIUAZNI9IATEYIDTU squamous epithelium  HluaNLs)
% papillae #A2NE19 ANNNANE LAZAMNNMUANTY (Church, 1988) N1sldAaulasann
prior-ruminant lthily ruminant 1 N9RIRYUATNIRINUNBEIN LN RS TWNNIA AT YD

. o | dl = &Y n:ll =2 ] a dl 4
NIUNIENY  (papillae)  anfhuineiazliarunsnazgatuuastiasnananilfann
nazuauNIstiaares qauved tnaanizninlusiunsuveald (volatile fatty acids, VFAs)
al = o 7~ s dgl v @ =3 %

(Church, 1988) nnsiuaznsgadunga laduszmelfidusing liiudanimszfunseuaunig
wenlURTNT8 rumen epithelium uazatailunaualunisWau rumen epithelium Exsu

(Baldwin and McLeod, 2000) H41unaassununendnaliiiuianiseas i duaaamnswie



LAz HANARTIB9qAUYsTIMAEaNasan 1IN fuliin s mMuITes rumen  epithelium
(Nocek et al., 1984) NMIWAWNFANTBINITINNZIIMBAz LY LB M9 Ee luuazaAunaem
dnlag Tunsemnzginu Taa@nnensiawaedHisiay  pappilae AzgNNITEUAINNIA
Tagfuszmeld (volatile fatty acids, VFA) @ailunan@nainnisudnanvinsansiulawmsnues

a A o a szdl [ v 1% % . I .
wuaFe Tnansalasdiunssmelinnssguliinisimunuazaing papillae 49ga A8 butyric

acid MNAME propionic acid WAy acetic acid lunsinaureaenldsd acetyl-CoA

=)

synthetase iR azsindnianszuaunn AN TuATIIeY acetate 7 epithelium ﬁfmmaﬁm
udedninmanannsalunisnazfunIswmunes epithelium 284 acetate (Harmon et
al, 1991) Twnuzfenti Baldwin and Mcleod (2000) léuameldnnsufen e
NITLIUNTNAN TURTND butyrate i acetate Tulng wWuan i:ﬁuwﬁqmuﬁﬁ@ghﬁqﬁm{
anaaziavanaiisnzressRmnwan luATusensalafussvededdu  ednalsf
pa lunsinenifiannaes acetate 5uz_gqﬂdf1ﬂ?mmmm butyrate Fauamedneraidulyl
dnneldannzguil butyrate axgnindainmsddsslanildanas uenanniu e pH
melunszmzgiuanasinlinszuunnauan luaud epithelium uaziliunniaes butyrate
Ium?:mﬂ:gmul,ﬁm%u (Baldwin and MclLeod, 2000) faanniunsslasiuszmelgazinly
rumen papillae Hn1siaseyldAin ﬁmmﬂmﬁu wazdin1sn1anuls (Warner et al., 1956)
uenanniy Awileninesdilsynensetens 1 thus a1vnsdi vieemsveny fuasie
ﬁmmLmzmiLﬂ?}lﬂuLLﬂmsﬂ@\iﬂwL@?mLﬁu‘ﬂmm epithelium FadenAdRTLNNIMARRITRS

Harrison et al. (1960)

A15199 2.2 AndauiFauiiaunisimunTeenszmzdausine sedlauazung

TindnT aA1g Reticulum Rumen Omasum Abomasum
A WInLNA 38 13 49
JrL 64 14 22
Thufiad 85 12 4
wny wanLnA 8 24 8 60
2 \hau 11 61 6 22
T 11 62 5 22

;A7 (2533); 204 (2541)



anlanlasuuNusaUNNALNY

MIREWTBINITINITINL  Anaimuntiaaniniisauuaz liinsimuwnias
wasanntnunias i lunsswizgmuasiiansudninliifiansauansn - (lactic  acid)
J o -dl ¥ a a 9; A %’ A
wnndnsaladunszmels  lasdnfnisiudiuuvsauumaunuaesgnla  UuNTeUN
naunuazliunssmnzguy  wiagluaduisnnmaanesivesslidinssmzalusn
o 1 ! dld ! |dl @ dl Y o dg, !
i InenunivieniFand esophageal groove usiiialmfinudadnmmuziazunalyl s
at19lafimn Orskov (1972) nanaganBenIsiafInatafeamnsaasagiunanigli
iunungnianaeanaIAusiaNauls  MNWANTUN AN ATRINTEIN T e TR 155

v 1
wuniseasmadlaei ldArteiannsimuwnaasnssmnsguuuaaddiiviug) - nesiwngg

wudauna luauauauae939ne (Tamate et al., 1962; Vazquez-Anon et al., 1993)

Py & oo a 3 Ao 8 4 S o g s
ARG Tuaugnegafinis e msiidiunvisereamatainisanazia liiinng
wsrydulalfGuasiilsvdninm usedwlsfimumudinisimunreanssinizgiuay

o o A vo o = ~ o PR p o o
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ay vo [
anlanlasuaimsuia

]
o

a1 ve & =< = P o %1 =
anlafl#Fuenunsuda TeRANHUEN NN lidauniunislfiinunvie
ANUITLIURAN mmaﬁw:gﬂﬂ'ﬂﬂu"imm reticulo-rumen (Church, 1988; Van Soest, 1994)
a a v g valo = a X | @ =
nsfuaIsTiaudas NIz IR uIaIUYRE NIs N NIRRT UeEN9IAE 8N
?/d ad‘y a dra‘g % a/dl Y @ a/dlo va‘d
Maduanaalfanqauvediinauanldes  nealuiunssmelAdusianyinliEuiing
WauI1ad rumen epithelium  aenglsfmn  anvnsudasnesiaiuitlszdnsninlunig
NITAUNIININUITBINTLINEFINUN AU UL B9ALIZNBLNINANUBIBIMNTUAY
HARADIN NN ALV IUHNARBN19RENWNIBNIZNNZ MY (Pounden and Hibbs,
1948: Harrison et al., 1960; Warner et al., 1956) A Nilunsadluane (pH) ARl
nazinzguRnasanisgadunaladusemeld  dvenaanfusaudaliifianisimuinig
Wwanyiulerasnsznzgwuile atnglsfnu aliavesanmnsiinasetlsyaansqaumadly
NIzNZINU uazkanaansnladuszme1fisan (Hiobs et al., 1956) N1RNNIAATHUAL
nsldiseTamines butyrate uaz propionate TWgandn acetate WuAazyinN a8
naznzgwulanmnlildog (Baldwin and MclLeod, 2000) ufidnagiinsnszduvizalaidinng
NIzAUIANN NIRRT AINILUNZNUARNNUEAR butyrate LAY propionate AFNAINNTIY
(Tamate et al., 1962) N19AAAIIBIAT PH TUNILNNEFUWARTIUNTANAUNNINAANIATILI
X A a o o . . = o A 1 o Ay o
U WsaLiATINAUN UFNIINIWMBIT8Y rumen epithelium AzinMIWELINANGNERSN ATy
ﬁmmmiﬁmf(Wamer et al., 1956; Zitnan et al., 1998)
=8 o F A . . A a oA
annisanelunisinldeninamnaiaen (dietary alternative) Wzadaudsu INHUA
FANTIWIUITEY rumen epithelium uazAzdNasONALARTDIAUYTEatNgls Wud A
. o é’ dld o c dl = o
219984 papillae wazANuLntesTiiguiunaulugnianiens 4 dlad Wemeauiy
nauyl#3u steam-flaked corn, dry-rolled and whole corn tHaRN"sw@FNEINAgININ 33%
lugmsanmns starter (Lesmeister and Heinrichs, 2004) a1nnnsansiduanaliiiiugn aiin
UDUNAAT Y NTHBNBWAFDNNIWI LN BBINILN TN UIBIQNTA
ANBIULN NN NI NI RBNENAABNIWAUWIFIEY  rumen  muscular
LAZIUNATBINILNIETINUOENNINITWAY  N19INIZAUNITARBUARTRINTZINNZ NI
o 1 a | dl dld a a .
pouANuanailadt Wy auInresTuey uazaNiudelanilss@nEnn (effective
fiber) Tugnlaniialudfifadwsaaiuiululafilabiuds (Van Soest, 1994) Tunnamsarii
duusiaziimnulinFaulunisWmuinssmnzgiig (Nocek et al., 1984, Warner et al.,

1956) 811IMINLALTUAILINTIAZNILHUNIWREUITBY rumen muscular LAZNHTILI LA

NITINNZINU (Zitnan et al., 1998) amnsnawInlug) HAanidlu effective fiber g9



arnnsreseinmeny viealuuaadalanienienin aziiunisnszsuniizednssiniyg
WU wazduNnIsAaeniie MRANNITULNIEAR LATIWIATBINTTINETNBIARINATAL
(Vazquez-Anon et al., 1993) NITMANTUIBIIUIABAZLTNIUYBS rumen muscular WAy
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2.4 21msAmsugnlAuN

N5 liamsgnlaanssazusniiAnaue U
qnlpfiinlvazbianunsoiuemnsudslduenanennamas  Ae  tusewinnu

AundINsznzazdiniswaun Waunsdeaasudels  3anisldanmsgnlautisaaniiy

4 3v8ir ANNNY AR

WSNLAADY 2 U
o % b4 1 1 d! 1 g [
naaaINAaenuae 2 - 3 i, Wgnlagaunanuilaunainudle daundasiianiu
%’ A d‘ % Vo ay o :j/ 1
uNUWABY  (Colostrum) ivalignialafunisumiulsn  wasantiuuangniasinamin
wdregniANIgAUNUEN ] 3 - 4 TN, wazuengniAAsAINAuUNYNATY vizelaenTn

UNLMARINN 19N

a1g 3 19 7 W

Qﬂ‘ﬁmimw:‘ﬁﬁqﬁ@qmﬁﬂ{immmLLN’ fadu pasunannusdluneudnuazney
Fufulidgniafulunewiisauaznaua uiazpsclinos i 1 nn.ese vseAm
dwinAlilszanns 10% tesiwiingose nanade @uﬂimﬁ’mﬁﬂ 30 nn. Wiuaan 3

v
an.sadu Tastaliduay 2 - 3 A%

g 1 09 3 ddenid
Tsannshunniniaesgninegludelssinns 10% vesmings Weneszeil
SRR A - 40 nws o % g
nezinzinIRmwnIuNntig - gninenaasivemnadelaldtne  duiu  lusvesliaaed
4 1 ng v 2’/ IS v a 4 ¥ 1% !
whangan 7 Alluswenmstine uweftenaazienmsduainligniatieudous

ANAT sz 1 -2 Ale (100 — 200 n5w)

a1g 3 T 8 Aumu
anialudaatiposiiniasaAulalsznn 0.4 - 0.5 nn/du Tudee 2 wauusnLie

o & d%’ o K 1 dl =2 o g ¥ [ ?:/ 1 -lil
@xmﬂmﬂniﬂmmuuﬂmLqmslumwmuw 8 D9 10 &Umi mausiasnie Agtu Tudaeil



anlapasladuinuuvsansilldunng  (Milk replacer)  RENANNUTHIUNLAAIAINATT
. X
f19anail

A59N 2.3 LAAL TN N uN N I nazun aen 1

fﬁuﬁ'ﬂgn‘iﬂ (nn.) ﬁﬁuumﬁ'(nn.) UNKNG (NN.)
30 4.1 0.55
40 4.6 0.62
50 4.9 0.66
60 5.3 0.72

d’l = £ +% a A £ a A 1 1

eIzl TN IUINAMAING  viFaunndanansnInavTanedfetluseeuns
wazinisliansdudmiugniadinilszanns 0.5 — 1.0 Alandu  Wagnlansuimingas
weu e Usennne 55 Alandn Aviannsutinungniausiasinalsfinin azfiedgingniniu

4 A Y v ¥ o o dl L4 a ¥ 1 4 a o o o

wevizeneliude uazeusdudmiugniaiiansiuldetdas 1.0 Alaniu/sydu

o [ ¥ o [ dl Y A 1 é’ | dld 1
duniuevnsdudmiugnlaniasnludott  Aosduetusniavuuiuuay

1
= & o =

NAWIUNGY daunnemnstudmiugninasidunanuansoyiveg 1w wandlne wan
d0a18 dszunns 40 — 60 daulu 100 4w sauduwanansldshiu 1y nandamaes
dszanns 20 30 doulu 100 49 uazenaaziisavidsntieuadsazkanluFunm
o o I Ao o . = o = o o o

m sNieusasnandy U uaaden Weaneia wetvnsdmiugninasinasanu
1sznnd 2.75 — 2.99 Mcal ME/kgDM (76-82% TDN) uazldsaunenuilseannd 17 — 19%

dgl d" [ 1 o 3 1 V4 1 o dl
uanantadunistqelunisdiuanudunss - saslugiuliad lussiunmnnzan uas

a a e v dl
AgH L Lﬂilllll‘]_l AFUAULUAAYE TUUTuN WA LN

N5 IBIMITYNIANAINETUNAUDINANAR
d” a dl v 1 [~3 dl v = a
szariigninanunsniuennaitielaliadrusinn  wenanuligniadinanlunisiiu
amsEialeuIungn Lara1AarinaasNeInstu (Creep Feeds) iFnar 2 - 3 nn./du
Tnauiialiduar 2 Af 1 - fiu Twiluunwindu gnlaacsiinnsmsoiuiaes lusyiu

Al
NIRNTAN
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Tnenhwiinusiazdasangpasaziily Asil

wninAgeaasgnlaandmiulimaunuuiianasasifluluusazdsant

%

2g) Wmtin (nn.)
deusnifn 25
veiuud 8- 10 dlan 55
6 LAY 90
12 AU 170
15 1A 210
18 LAY 240
24 \naY (ﬁ’ﬂuﬁZ\MWQﬂﬂ%ﬂLL?ﬂ) 320

Avsuatundud anaazldanrsdudnivisraun  Inefldsivlinindn  14%
uazwasUliAINIn 2.35 Mcal ME/kgDM (65% TDN) Iaglsia1vnsduiasndszanns 2 -
3 dlansw/da Au  wenendunmanscresia il lidouvzanamiull  waaulElan

Wnidneg lugaannsgu

n15lRaMsLa5Ngnla (Creep feeding)

. - X . . .
nsliamnassugniatavegiuaninatmstasviall - guniwaesusladlug o

'
v a A ongj =

nsliemaasugninaziden Aa inlignidenduniimtings uazgunnudlalings

Tnen flusu doudlsznavaesennadsugninlneiinllaslimdnsyialszanns 80 - 90%

v v
8198N1NUIANA (Molasses) 3—5% warinININAANTHINUANY ] Uszanns 10%

FBtiNNaIuNTLaINgNIA

(gms 1) TatwaLn 60%
d1alamun 30%
nnwdathevidanindmaes 10%

(gms 2) 4 InaLA 55%
11alemun 30%
AnLANg 5%

ANNLNAAENLTANINEALUARY 10%
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2.5 USRS

wsne A Aydmiugnia adoelun1sANTWLAZNNFASIYRL A1NNIOULINe0N

e

1w 2 dszinmAe uss1suan (macro minerals) uazWIs16789 (Micro or trace minerals)

v

dl ! dl a A A 1 = o o ] ! o
SINLL?ﬁ’]E}‘V]LIFI3Jﬂﬁiﬂﬁl‘u‘ﬂWWW?M?@N@%iM@’]M’]?N AINNAN V’WQ./IL‘IT"M@EI’NN’m FRRIARNT

2.5.1 WNNUANNAIATYIRIUST B0

1. Wudaudsznauipsesquaziilatiauesdnd  waziiludouilsznauaasdnsdsznaunan

%

smunasluiuluiiaEafndduadany  ndulalasmafiARen UMY I ULAAEEI
Waanasa uazuuniman nvtnnlunisliaouudausanniaseie dauaanasa  fann
wihduasAilsenaundnaAnylunaalnalla  (phospholipid), #amdan  (nucleic  acid)
adenosine triphosphate  (ATP) wazinzdu  Wueadtsznavaesidsin  lalnldsfiu
(Lipoprotein) wazlnalaTisfu (Glycoprotein) Liusi

2. AvuANUssAuRadTuda (osmotic pressure) TuanaimiaslusanelazAILANANARENIA-

J ] = = o 1 [ [ = Cy {
AN Liulnnen Tuna e ﬂ@‘ﬂ1ﬁ‘ﬂ mQﬂ?ﬂHWLLN@u’ﬂ@'&IﬁJsﬁ’&LL@Z@N@@ﬂﬂ?ﬂ-ﬂ’N

3. ilusiidanlfisen (catatysts) luenladuazszuuaailun

AN9197 2.4 uanaumanlaeulmd (metallo-enzymes) UN9FR lUdRS

Metal Enzyme Function
Fe Ferredoxine Photosynthesis

Succinate dehydrogenase Aerobic oxidation

Cytochromes Electron transfer

Catalase Protection against H,O,
Cu Cytochrome oxidase Terminal oxidase

Lysyl oxidase Lysine oxidation

Ceruloplasmin Iron utilization

Superoxide dismutase Elimination of free radicals
Zn Carbonic anhydrase CO, formation

Carboxypeptidase Protein digestion

RNA and DNA polymerase Formation of nucleic acids
Mn Pyruvate carboxylase Pyruvate metabolism

Superoxide dismutase Elimination of free radicals

12




Mo Xanthine oxidase Purine metabolism

Sulphite oxidase Sulphite oxidation

Se Glutathion peroxidase Removal of H,0,

fi3: Underwood (1981)

25.2 Ll,ilmﬁmﬁn (macro minerals)

WARALTeIN (Calcium, Ca)

[

~ = \ . . ~ o ) = = o
AN NI ULTEN E}V]W‘]_lllqﬂcl’]@‘ﬁ LATHAITNAN ﬂmiuﬁ‘qﬂﬂqﬂ LNATANLLARLAEINAL

o

v
o

Waanafaudonudiandy  70%  vesffainsusanieunnludnd  dszanns 90%  ved
whaiENWLNNIzANLATAY Geazat]lugiaes hydroxyappatite crystals (Ca,(PO,),(HO),)

PN UM ULNAIRZ ANUBLARLT LN

wiirasuaaideas

1. {ludauilsznauresnszgnuaziu saufuneane i

2. iflugnsdelszanm nsdauaznimasaresndaife

3. iuansfifeatesiunssuaumsudeiaresden

4. fugnsnszfunismnauseseulasd wu  nezfunisnauseseulad  actomyosin-

adenosine triphosphatase L1451

LURIURILARLTEIN

v v v
upamaNazwu Al aanvasly ety Uanilu diuy wansAneiaNnuy nnuIaa

nndamaed laupadasnaaiauazjuang s

NSAATNULARLT N

' 1
=2 =

= = ?.’/ A ] o ¥y & X A o
NITAATHNILANLTLNUY WUQWNﬂW?ﬂﬂ‘ﬁNIU@QuﬁI@Q@W1&L@ﬂ FINUATTAqEN

a

Y o

A 9 o = =~ ) o o = =~ < -
Nedeaiunsgeinaeues@ean 1My ang tdndiengliaanisgatuuaaianiazgy vise
a = % = 1 a a ¢, . . [~3 = =
ninasuAaTeN diuaarianeslugilaasaisatiuvat (inorganic calcium) fiaziinnsgatia

20 ! = PR a ae . . A wa )
IFRndueaiianiag lugaasdurissd (organic calcium) uaze wIsLNTNARINAsENNT
ARTNIBLANTNITY N1aFn ladulue N iazannIsgATNTasLAATEIN ININZINaEEinTg
Jusnszndnuaaisniuladuiailugy (calcium soap) TAraANIINATNIBILARLTEINAS

AR
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NN5ULRAANLARLTN

o

doulunjuraidsnazgnivaanuniuya windunsdeundueanuniuilaanns uazlu

b

¥

TrunwAaaufarduaanun lutuusaga L dad1iadnnsunewaatdanun 1l

B9ALITNELIBIINUNNINT uaziindeannatiraswaaTen a1ain liiinloa dus

(milk fever) 1§ Taunsndnnisilasiulalngludaslaings Wiugasanmnsliduaaimes
OI dl Y o 6 | o o o aid a OI o :l/ [~ £4 al QI d’f o

A1 e W AnTUSusa A Ue 1M N Aa@aNAN nasanntiuires lELAaLEaNANTUNAIAAEA
Y = o , e ! A a o o o =

yraan lldn1sdnanisludaasanans Wainalealdun fdnunsafnunlnanisnsentaa@saniy

Tsnglawe (calcium borogluconate) Tuladiflulsassnana

'
o

Tunnsauaunisldlsyisaisasuaaidsniy Jaasluuduninaadas duheaesiuu
w131Insad (parathyroid hormone) wAadtaili (calcitonin) way 1,25-(OH),D Tdinaln
n1svinaumNn iduanslilugln 2.2

o = . o o=l = o X =

Andanaasueaiiansdeneaneia avagilszunn 1:1 D9 1:2 vislianaliiasniann
@ = o o a = o oo g e = '
dndouresunaidaniuneaneianeylunsegnidutladeninlidndouaecunaidausie
Waawaiaagluscaufaingann dnsiasaiaasludesninudsdndouresunaidausanaanaia

ISR =
AIRATHATGNON 71
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Calcium Homeostasis

Bone Resorption S0y Bax
PTH ++ Dist
Calcitonin - +
1,25-(0H) ,D + Intestine
Hypercalcemia - ¥ 1,25-(0H) ;D +
Extracellular Calcium Pool
(8-10 g)
Plasma Calcium Pool
(2.5-3.0 g)
PTH -
Calcitonin +
1,25~(0H) ’ Dt
Milk Endogenous Urinary
(20-80 g/d) Fecal Loss Calcium Loss
Fetal Bone 5-8 g/d (0.2-1.0 g/d)
(2-7 g/d)

+ = Stimulates
—~ = Inhibits

51#1 2.2 uananalnnisinnulunispouauansaduAames

fi3n: Underwood and Suttle (1999)

Waanasa (Phosphorus, P)

Waanaiadunssnnarungiuuaaidanatiane natinezdtazifaadesiunisd
agrauparionuazaaneialunsegnuazilu wananiuuds Waaweiaaziiluasdlsene
Ao o 1 = ' ] o 5 Y o A .
ndrdrylusnanigdnuaigedraudu iuesdlsznauaetaislinaseune adenosine
triphosphate (ATP) viaiiluassilsznavaeaniamasnanaanedtln (phospholipids) Lu

v

23

niNuaanagnasa

1. Wludoutlsznaunesnszgnuazii SanfuLAadEN

2. fluasAlsznaundAny luniiaaad
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3. luesAdsznavveslaenlssd (coenzymes) %q@fﬂugﬂm@q phosphoric  acid L
coenzyme A (acetylation cofactor) tusiu

4. LﬂuﬁfmmﬁLﬁ‘lﬂﬁmﬁua@ﬁuuﬁi’m A8 cyclic adenosine monophosphate (c-AMP) 7
Lﬁﬂ'ﬁ’mﬁun’]?ﬁ’]mwﬂ@\i adrenocorticotropin hormone (ACTH) Wa¥ Lutinizing hormone

(LH) vlufu

uvasaasnagwasa
Waanafanuuinlusyivg Uanilu Sraziden lawnaidaunadins wiatnelsiny
Woanaianeslusnynaazaglugl inositol hexaphosphate 7a phytate @l41lsxTemilsisn

a a o

Tudndnszifen ueludmdipeniaasariqauyizanauien g lamdls

q

nsandnnagnasa

Waaneiaaziinisgainndiusasa lddn Insendanisineuaedlomiug doelu
nsnszfunisgadnteseanaia Gennsgadnaeseanaiasifulinieniunisgatinaes

=
bARLTEN

nsauaanadnasa

o

Waanafaazgnduaanuniuya wifdusaaundusanuiiuilaaiozusfides lu
el N . = oy co M co o g = N
nsfndnsinnisinaduaasilsiulaanisvansaane fiian lafiu aznn liiniaiunig
Tuarinuasanaanadaluglaesliaminaay ananilidnsiueanteseanadanuausos

Tunsaindnisananaanasa aznuqindndldfua1usuranuanad wneurannny

D)

esagsare] iuaen fiiuaen Tea 1N suuLiizandaiian (pica) $98ivaziaIniseting

[

dl , % o o a = a o = -
AULTTNAL 111 WINLNAA GLV]N@N@I;]@@@\TLL@%@W@NﬁQJ‘MqLﬂHQﬂU?ZUU@UWHﬁ;

16



Phosphorus Homeostasis

500 kg Cow
Bone Resorption Diet
PTH + v
Caleitonin = Intestine <
1,25—(0H) ,D + ¥ 1.25-(0H) gD +

Extracellular Inorganic PO 4 Pool
(4-7g)

Plasma Inorganic PO 4 Pool
(1-2g)

PTH +
| Calcitonin + PTH+
1,25-(0H) , D *

Milk Endogenous Urinary Salivary —
(10-70 g/d) Fecal Loss Phosphorus Gland
Fetal Bone ? Loss (30-80g/d)
(4=10 g/d) (2-12g/4d)

+ = Stimulates
- = Inhibits

519 2.3 uansiuuanaean1sAtuANaNnatrasasnaialulaun

fiun: aneq (2543)

2.6 NMsAnERATaIEIMTAans Il larirasuaadanlugnlaus
Fielding et al. (1985) AN 1sANE NaTaIUTNIUNITAULARLTLNLAY
ladusewnladdnaesunadanlugniaun angissnns 8 dland Tnadinaniuusiany
NAaaIAD T1TuAT WARTIENAT (low fat-low Ca), l1uAN uAaLEeN g9 (low fat-high Ca),
laTuge wAA@NA (high fat-low Ca) uarladiige uAaliangs (high fat-high Ca) a1n
=2 ! AN v = al = a A d - o
nsAnnudgnianldfunaaEangainnsgainuaalionanadiietzauinauiy
a o Y a 2 s Yo a 4 9
whaldnAn ANdnduaswaamdanluaenf e lFiuLAsEsNge wananiuuds gnia
~ =~ o =~ Y vo
AZHNIALANTBILAATINGINNITAVIBIUAAITNT LT
Bush et al. (1958) AnwnNsudsn chiortetracycline lugnlaun wWugINILETH
. \ - = ~ ~ o !
chlortetracycline agnNNNsavaNTaILAATaNIanFaLWEUAUNgNAILAN (447 UAY
35.5% Ca retention)

Jenkins et al. (1985) Anmanswaaasaiinuaslasiulugasaimisgniaunsanisga

= = = ' = = Aay o & .
FHNUAILLARNLTEIN qqﬂﬂq?ﬂﬂEqWquﬂqiaﬂeﬁNLL@@LsﬁﬂﬁJ Glumvi%‘m\li“mm, free fatty acid
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anladnd, Snsfunyniig, free fatty acid ANENSTUENE, TnsfdnTne uag free fatty
acid aNENSTuaynEn SN 89.4, 84.0, 94.5, 92.1, 93.9 Ua¥ 91.5 % ANNAAL

Jackson and Hemken (1994) ANt dietary cation-anion balance (DCAB) Lag
srAvrauaaidanluamisgniaun Ineivaniuuspe 0.42Ca  -18DCAB, 0.52Ca -
18DCAB, 0.42Ca +13DCAB a2 0.52Ca +13DCAB a1NN13NAABINLAN N3IUAaNYUDY
waadenluilaanasiinay e DCAB Wuay Turniefisssurnsuna@en i nasansdy
pantesuAaLdunlullagnns aanAdeaiuseaIu1ae Jackson et al. (2001) ANHIEALIVRS
WAATEN 3 szALAR 0.35, 0.50 WA 0.65% 39U dietary cation-anion difference (DCAD)
2 52AUAR 0 LAY 200 meg/kg AINNNINARBINLIAN TLALIBILARLTIENIAZIZALII8Y DCAD
lufinamanananuaadauLazNeanefa uANLdNIALTRILARITENNNAFRaN T UaaNYRY
wAaFenlutlaanay saufeseAuaes DCAD MfiNTw azaanisiuaanvacuaadesly
faannziilau Faufieuiussduaes DCAD fignndn

Bunting et al. (1999) AN®INNTLETH Cr-propionate Wa% Ca-propionate 1481419
2194gntAUN WL Ca-propionate laiinasanisiasryiuinaasgniaug waznisiass Cr
doennsiureanglaaifionSauiiauiunguitlalldiasu Crd propionate Ridsaduumas
m@qwﬁqmuﬁ'zﬁqﬁmmmzﬂﬂimummmzmumi gluconeogenesis

Kegley et al. (1996) AN®1N194&3N Cr-nicotinic acid complex %38 Cr-chloride
219117gnTAUN AINNIFANHINLIINITETN Cr Tugisine lilinasemnudndurainglaa,
a3 lulnsiauuazpaasanasealufen

Nonnecke et al. (2009) Ans e MAN 2 90uHAS 90NN AfiAn (1.7 °C:

a

35 °F) RN R RNIAN (15.6 °C; 60 °F) AINNINARBINLINEFATINITLAT ELILB ‘].III?]“II@\?@T‘IIV’WN

a

aesgningRliuansnaii pnududusesnglaaaesgniafivosfigumniigaianads 103
mg/dl gendngninfiaaaiigruvniian eiAnade 89 mg/dl arudtdusesnglraiindy
AINaIE2agnia 491 non-esterified fatty acid (NEFA) Huwsliumssriudruiumans

v o = S X A a oA o ! - X 4 a0
memumﬂﬂﬂ@uiﬂ@ﬁ@@uﬂiﬂwL@ﬂﬂmﬂamwﬂuﬂﬁ\?ﬂﬂq NEFA ﬁl’mfa’]@uﬂTﬁWL@ﬂ\‘]V}QmMQNm

a

a IS |

uanaNifanudngnlaNiaeNgUugINA118s 25-hydroxyvitamin D, (ng/mg) HA44

a

Hayashi et al. (2006) Anm@nsnazesiasanggnlnseaamanizenglnauazsde
AMNNNIANEINLG19ZALID NEFA LAz urea-N INAWHAA L ANTY dounddiduduaeg

cal 49( d‘ QI 4? =2 1 ! o 1 ¥ v IS DU
ﬂ@ﬂﬂ’&LWN“IIHLQJ@@’]E‘I‘LWN?.IH"]ME]\‘]VE’]HN LLWV@\?VIE’]HNV’W’\}Hlelllﬂ.lu’ﬂ@\iﬂ@i:ﬂ@&lﬂ’]@ﬂ@\‘]

18



=2 a2

Spanski et al. (1997) ANINITLATH Triglyceride (TG) Y94 free fatty acid (FFA) Tu
amsgniaun Tnaldgniafidiang 4 19 10 4Uaf TnaRvTMUAIUNARDIAD VIENLNUWAT 1
NANAILAN VTVINUFN 2 NGNAILAN + 120g/d lard TG visNUEN 3 nguALAN + 90g/d
lard TG + 30 g/d lard FFA vi3MuuWsN 4 NgNALAN + 60g/d lard TG + 60 g/d lard FFA
annsAnEIwLdINIseias lieuNaTes C12:0, C16:0, C18:0 uaz C18:1 Tunguatuand
AANdINguA G TuNndsusonladu Tnelnfnistealdaasnsaladuainnsnlaiudasy
(free fatty acid) HAgandnnistieslfasansaladuantasnamelss (Triglyceride)

Yuangklang et al. (2004) Wuan Tugn AN IAFUUNESIAUMUSINAULAR TN &
o a a 2 ! -dl Yar ] o -dl o dl ¥ o
amsnsastyEninAngngnlaund A uuNmamaLnusINiuLAAEINAY TdenAfasiU Xu
et al. (1998) 31ENNUINMNILATHLAA TINES luuMEAUURRduLsenaululsfiuands

= o o v NS o o ' Y vo = ° o X ' :
wiaea M lignlaundtnmindaunnndignlauuin dfuseaiiensn sistiinanzanlugdosusn
aeansaseyiAuln  gniaaouaniudecldsuinausynialuiuings Welddmiunis

LRIYLALTE AMNITUNAABITAY LANNA LAYANL (2548) WUANIAsHUAAITENTLALIgRTY

'
o

awnsdudmiugniau wudwn lidnanisisnyiuingandinisueam e AL
sauTanLdInsEsuAaEEn Uz Auge M ldqAursd luyatARNd N aasNLAaLT e
STAUAT UBNANUULAL Bovee-Oudenhoven et al. (1999) WUINANTEINLAALTE NN WA
luszAtigetoanseunsas At Inae9qaurisings Lactobacillus TudauaagszLLnigizu
amnIdaing  AanimunzandmiunisasoAulnaes Lactobacillus Azfasatlu
dl | 1 dj o Y a a J dl 1

annziidunsagen anliaauradlungy Salmonella AR TITILANAITNIUUIIVEY
nsfAmaaINqALYIngn  Salmonella  MnlidRsNIAATRNALLHEIAINN9RATAAN
Salmonella AAAY LAZANNNNIANEIURY Xu et al. (1998); Yuangklang et al. (2004) W2

a = o o Y a o o = o 1 Qi 1
nasuweadenluszAuge MnliRanisduiaeradanuazieanada uazerlugdinl
azanel (insoluble calcium phosphate) @qazldauiunsalusiusaznsatinm luanl&uan @i

nnanmwnzansaninasyAuiniesq@uvsdngy Lactobacillus  WAWLINE
nansznusiansldUsslomivesladulues  Wellmezdilea  insoluble  calcium
phosphate quriungmlasiuuaznIniinm azinlag luannildtesaans wazgndueannis

10
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unn 3

L4 aa
aUnsaluardsnng

3.1 aRINARaRY
TneldgnTausined engusnifinda 1 dulanyd dwiiniaan 25-35 Alani 4113140
59 TR INUNUIIUNARBNULL Randomized Complete Block Design TneldszAuanainen
ezt Anifluugan (Block) Taaiiv3viuusianunmaanspe
VEMLIWAT 1 = svAuuAMEenmn (0.5 Alan3u/100 Alaniuanwns)
YAVILLUAT 2 = 3xAULAR TN uNans (1.0 ATansu/100 Alansuaung)
YINUUAT 3 = 9260 wAALTENE (1.5 Alaniu/100 Alaninaimnsg)
VAVILAUGT 4 = FEALLAAITINGININ (2.0 ATandn/100 Alanfuanung)
Tnaflsvazinaiedu 114 5u Tnauaflussazlfudng (adjust period) \fwaan 14

U harisvaznmand 100 51

3.2 M9 laUNg
Iignialésuanms duay 2 pfe Ao wAUsTnm 08.00 U uATLNY 19N
Uszanns 15.00 4. Fieks
1. ey Wgnialdumajuwdlefui
2. gunsuun Wuadlen ARlUsiumeny 24 wWefidud azanzdinly
Smdawinseuiion o se 1 e lifuAndu 10 Wefidustemimings
3. awnsdu Fauanslumesd 3.1 dgnialdFuemstunayinimusio

-dl Yo a % a [ % £ %’ A [ £ U [~3 dl
NARRIN LAFL Tnenasnlvignianuuasannlviuniimane 3 Ju e sduuuuium

[ o '
3.3 MSINUAIRLNY
o a 1% 7 IS P-4 i o o o H v Y
“Saununisiuldaamaiundesuis uazamnsdunndu Tnavinnisdetinninig
uI/ 901 o 1% 9\:”/ o K QIIQ
wazrdatividn wienviaiunnlsuIne Iy
“daingnlann 4 eilied ennslasuulastestiinindauas A
Ansngistyiiulasady uazlfuiue s ldranisiutinminga
Sunnguninaesgnla iy dasnisiaie@aiusiv
Auya Tudasssaznaaesd 30, 60 uay 90 JurasszaznIamaaed udaeweans

usatya tnevinnisiudaseiu 2 41 Taaldoranatasnangldléinen ianiiniaifiu
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Fnaeinaianne  (Total collection) waztinliAAszsinasslsznaumnialnaue  iasinld
AUdUANANLssAVENstias linesinguiie, Buvisedng, Tshiu, NDF, ADF, EE, AIA, Ca, P
o [-3 o dll o a ' a =
Jnaiuganwnasuiin et lilessinBunuaeqaurdluygs  an
38197 lAesunaldly Bovee-Oudenhoven et al. (1997) 99usdiAsziunIntnmluya
(Yuangklang et al., 2004)
duiiuiaendugaineuufaz zaznIMAaes  NedLAZYMN  glucose, BUN,

NEFA, Cholesterol, Ca, P, fatty acid profiles

A1519% 3.1 wansesFlsznavaesingauiillugasaimaases

QAL gns 1 gnsn 2 gnsh 3 gnsh 4
Adu 59.0 58.0 59.0 58.0
nNdamaes 32.0 32.0 32.0 32.0
nminmna 3.5 3.5 3.5 3.5
Bk 1.0 1.0 1.0 1.0
lounadiaunagine 0.5 0.5 0.5 0.5
wAALEENANFLRLUR 0 1.0 0 1.0
Tomnfunsiind 0.5 0.5 0.5 0.5
wssRWIRng 0.5 05 0.5 05
ladns 3.0 3.0 3.0 0
79U 100 100 100 100

3.5 NMSAATIENLRYANADH

A fime sl Bauieuaedsesinuaes Ield Proc ANOVA Taeld
T5n3N SAS for Windows (SAS, 1996) ANHNWAWINUNAABALLIL Randomized Complete
Block Design (RCBD) waziFauiiauainuuwans taeld Orthogonal Polynomial (Steel

and Torries, 1980)
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uny 4

AANITNAAIRY LL@Z%’Q’]‘H‘J

4.1 29AUs2na U lNTULARIDNUNITNAARY

AINN13ATIZHIALTZNAUN N INTULIDS LN mj"n,t,ﬁmmmmﬁuﬁq 4 gms
wudnflAmalnausfuandlumaedl 4.1 annnsagdnudnenvstuii Bunnees
waaldenlugng 0.5, 1.0, 1.5 Uay 2.0% HANWINAD 0.71, 1.12, 1.72  uaz 2.15% AMNAAL
douvgunalnanuieildluunaasd i llsfiumenuuinty 4.04 Wefidus denlndiAas
fireadldlng 23900 uazAY (2551) ‘ﬁlmmmdﬁLLWqTﬂm‘ﬁ'ﬁmﬁ'@mﬂ 60 51 Mlasidus

&

TsRunenUlszunny 4.04 1lafidus

AN9199 4.1 Llﬂﬂx‘lﬂﬂﬁﬂ‘é‘zﬂﬂﬂﬂﬁx‘lLﬂﬁ‘ll’ﬂ\i’ﬂ']ﬂ’li‘l’lﬂ@ﬂﬂ

1

DM Ash CP EE NDF ADF Ca P Mg

Items % of dry matter

0.5%Ca | 96.15 | 7.54 14.3 3.04 | 19.66 | 8.00 0.71 0.68 0.38

1.0%Ca | 94.40 | 7.65 1.41 3.39 | 19.58 | 8.04 112 0.67 0.37

1.5%Ca | 94.96 | 7.93 14.0 3.54 | 18.90 | 8.02 1.72 0.72 0.41

2.0%Ca | 95.91 8.83 14.1 3.59 | 19.51 8.04 2.15 0.68 0.40

2

MR 96.25 | 6.57 | 21.00 | 5.07 - - 0.83 0.62 0.16

3

GH 94.13 | 4.47 414 1.70 73.8 | 4568 | 0.50 0.31 0.47

DM = dry matter; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber;
ADF = acid detergent fiber; Ca = calcium; P = phosphate; Mg = magnesium
MR = milk replacer

‘GH = grass hay

ANTTONINNSLATULALTALAZATIAZIUUADINA

anlafildnaaeitimin@usuminfu 32.6, 34.8, 34.6 uaz 30.6 Alanin luvanEEAG
sEALLAATEN 0.5, 1.0, 1.5 LAz 2.0% ue1usdu Aua1AL Lﬁ'@éuzgmmmmmﬁ 90 1
wudngnipditiminminiy 97.8, 109.2, 113.2, 114.0 Alaniu lwrinmusiRszAUunades
0.5, 1.0, 1.5 WAZ 2.0% ha11M139% ANNAAL mfﬂ”mﬁmm?mgLﬁu‘lﬁmm'ﬁ'mimvu (average
daily gain, ADG) SlAwinf 724.4, 826.7, 873.3 Wax 926.7 n3usasu luviamniuusnils=s

wAALTEN 0.5, 1.0, 1.5 LAY 2.0% TuaIM3tu mNA1AL (P<0.05) amsnsiastyiiulmieas
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ISP '

sadulugnianliiuupaifangeilringandignlanladuueaimons aanAfeeiLseNILYas
(Xu et al., 1998; Yuangklang et al., 2004) N1vinnsAnm Tugnlauui Huumme e
a A alld I d} 1o a a dl [ dl Vo =
eavzeNEandn veal calf Genwudndnsnisasyiuineassedulugniafléfuuas ey
= a a a ! dl Yo = o ] J [ dl
geiimasyiAuInandignialffuuaaiionsn dournaziuuaasya (fecal score) luiui

30, 60 LAY 90 IBITLHZNIINAAD BULANANNNADA (P>0.05) Aakdnalunisen 4.2

BNSNN 4.2 WAAUIUUNAA (body weight, BW) amsInigiasauiaulalanafadu

(average daily gain, ADG) LL@zﬁi’\ﬂzLLuu“nmga (fecal score)

Calcium level (%) Contrast
Items 0.5 1.0 1.5 2.0 SEM L Q C
Initial BW 32.6 34.8 34.6 30.6 1.27 ns ns ns
Final BW 97.8 109.2 113.2 114.0 | 1.44 * ns ns
ADGW, g/d 724.4 826.7 873.3 926.7 | 12.6 * ns ns

Fecal score” (d 30) 2.56 2.51 2.56 2.52 0.01 ns ns ns

Fecal score (d 60) 2.26 2.28 2.26 2.26 0.01 ns ns ns

Fecal score (d 90) 1.30 1.30 1.25 1.25 0.01 ns ns ns

'ADG =average daily gain
2 (normal fecal consistency) to 4 (severe scours) (Quigley et al., 1997)

'P<0.05; ns = not significant

dsunaunisnulanaznisdaglauastagus
dl 1 a v a U %’
AMNANTNN 4.3 wudFuninisnuldaasatunmieny  dsununtnulsuestinutLay
Buaunisnuldiauun Tupnsaiuneada (P>0.05) wAnwuqdntEn1asnsiulfuasaning
4 HAVNU 527.0, 475.6, 467.1 hay 328.1 niusadu luvaniuusnisssuLaAaLeN 0.5,
1.0, 1.5 WAL 2.0% 1811391 ANNANFL (P<0.01) AziiiudILNaseAUraLAaLEe N 11811113
duANL T5unainnsnuldaeaa1sduanad a1nseauaad Xu et al. (1998) wuq115unns
a 1 1 o 1 dl Yo dld = C: % o

nsnula ldusansinaiuszudnagnlanldfuuunaiduaaidannuasgs AAAARAINLNL
NAABNUDY Yuangklang et al. (2004) NANHIITALIBIUARITEN (AUAZEI)LATTHATDY
Tlsmulunneg (casein wae soy protein isolate) WudNLBuaensnulFresunnlduansng

o dl a [ | . A . A a
i BadIunounisnulsladnazidu pre-ruminant 938 ruminant calves ARANUINNUNIAY
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1 1 [ % dl a a v 1 1 [~3 =3 7
1aldupnpnamuiannanizn1snulfaeautaanauny  uwaatelsfny azwiulaanEuns

nsnuldvisunnaesgnlan ldfuwpaiiengalAmaIndgnia lAFuLAR TN

A15197 4.3 wansdsunanisnulanaznisdaslauastagus (0-30 )

Day 30 Calcium level (%) Contrast

Items 0.5 1.0 1.5 2.0 SEM L Q C
RI, gDM/d 71.0 73.1 73.5 75.5 5.11 ns ns ns
Cl, gbM/d 527.0 | 475.6 | 467.1 328.1 | 301 * ns ns
MI, gDM/d 420.0 460.0 470.0 4325 | 15.8 ns ns ns
Tl, gDM/d 1024 1012 1014 838 36.8 ns ns ns

Digestibility, % of intake

Dry matter 88.7 92.0 90.5 94 .1 1.37 ns ns ns
Organic matter 88.8 92.7 91.6 95.1 1.61 ns ns ns
Crude protein 98.2 98.8 984 98.9 0.26 ns ns ns
Ether extract 94.5 96.4 95.3 96.7 1.25 ns ns ns
Calcium 87.7 84.3 80.1 78.3 0.17 * ns ns
Phosphorus 93.2 895 |844 82.1 0.22 * ns ns
Magnesium 45.3 421 39.5 35.2 0.26 * ns ns

*P<0.05; ns = not significant

a o

Anstiaelfasinguis (dry matter, DM) 8uniaedng (organic matter, OM), Tlafiu (crude
protein a1 (Ether extract) llAMNUANFANAUNNATRR (P>0.05) @9UAINNINATNIE
= o o ~ ~ o = o X =
wAALTeN Waanafduasuunilidan AANanadiassiuradlAal@aNiNTL (P<0.05) T9ann
T1ENIULBY Xu et al. (1998) uay Yuangklang et al. (2004) LAZIRANNA LaTANY (2550)

oA A o ~ o X o o v = = o
PEUINHANNIEAUTILAaTEN lwasNTY AN linnsgaTuaasuAaTtn Waaneda

~ X P ~ ~ o o o ~
wazunnfifenanas Mellanailiasinannnisiwaaidangeasduiuneanaiauazuun il
M RAN19duAalugilaes  calcium-magnesium phosphate complexes @Azl
Aun3nneaN 14

dl . [ Qi o a

AINA3NN 4.6 LAASLTNNULR4 E. coli T1dui 30 60 waT 90 JUIBNIUNARBIHAN

Tdumnsineiunieads (P>0.05) Teiffunnsmes E. coli duaanAfBNiLAAZLLLISIY AT 1A

%

di/ J 1 1 1 a dj 1 o dl 1 I =
QULW?WZ’)’W’]ﬁZLLuu‘ﬂ’ﬂﬂH@'ﬂ%Iu‘ﬂ’Nﬂﬂm sﬁﬂﬂ;llﬂllllllZ\]m:m,iz"ll@QH@WU\TU@ﬂQ’]QﬂIﬂN@’m’]?
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al

Fioade WaRansandednFunoes Lactobacili spp. 1dui 30 uaz 60 farldiunnsnadu
NWADH (P>0.05) WsAwuiINUsuNnuaes Lactobacilli spp. TR 90 189N1IMAREY T1AN
WENFNNAWNINADA  (P<0.05) Tnemudniafin Funnaesuns@esluamis - vinlden
17u1u2849 Lactobacilli spp. Lﬁﬂ%u ARAAARNNLNIUNAARITRY Bovee-Oudenhoven et al.
(1999) wudnnsasnuAaisNasmaluscAugeTenszfunIsEs AL IaTaNqALvTENg X
Lactobacillus  TEIMIBNIZLIINAUEWNIAITNE  B9dnIsfivanzandminig
\3tyAulnaee  Lactobacillus @:éf@aﬂgiummq:ﬁLﬂummé@uj %w‘iﬂﬁaauﬁﬂumjm
Salmonella AAAY %'w'fm@mmmﬁ;um\wmmﬁmL%mmf-gauw?ﬁmﬁu Salmonella N9

1 v
FRIIN1TNAVRLALITANANNNIFAITIAAIN Salmonella ARAY

A15197 4.4 wansdsunanisnulanaznisdaglauastagus (0-60 )

Day 60 Calcium level (%) Contrast

Items 0.5 1.0 1.5 2.0 SEM L Q C
RI, gDM/d 371.3 291.7 291.7 284.3 | 19.9 ns ns ns
Cl, gbM/d 604.3 | 613.9 | 570.7 519.2 | 21.2 ns ns ns
MI, gDM/d 1567 1707 1735 1670 | 26.9 ns ns ns
Tl, gDM/d 2619 2673 2657 2531 55.7 ns ns ns

Digestibility, % of intake

Dry matter 92.4 91.2 94.7 91.3 0.81 ns ns ns
Organic matter 93.5 92.6 96.3 93.5 0.63 ns ns ns
Crude protein 984 98.0 98.8 98.3 0.18 ns ns ns
Ether extract 86.5 83.6 81.7 7.2 2.39 ns ns ns
Calcium 80.4 76.3 74.0 70.9 0.41 * ns ns
Phosphorus 89.5 83.4 | 80.8 77.2 0.37 * ns ns
Magnesium 48.9 45.6 43.1 40.2 0.26 * ns ns

*P<0.05; ns = not significant
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AN5199 4.5 wanalsuiaunsiulauwaznisdaglaaaslagus (0-90 u)

Day 90 Calcium level (%) Contrast
ltems 0.5 1.0 1.5 2.0 SEM L Q C
RI, gDM/d 389.5 322.7 321.2 297.3 | 21.3 ns ns ns
Cl, gb™M/d 286.6 | 3829 | 367.6 | 371.0 | 145 | ns ns ns
MI, gDM/d 2081 2303 2356 2328 | 274 * * ns
TI, gDM/d 2857 3008 3045 2996 | 51.3 | ns ns ns
Digestibility, % of intake
Dry matter 89.0 87.6 90.0 90.9 0.93 ns ns ns
Organic matter 90.8 89.9 93.4 91.1 0.62 ns ns ns
Crude protein 96.8 96.4 974 96.6 0.27 ns ns ns
Ether extract 86.5 85.7 84.8 84.5 1.66 ns ns ns
Calcium 76.7 73.4 65.6 60.7 0.31 * ns ns
Phosphorus 85.2 83.1 78.5 72.6 0.36 * ns ns
Magnesium 45.6 44.8 41.7 40.2 0.28 * ns ns
*P<0.05; ns = not significant
mﬁ"m‘ﬁ 4.6 WAMIATUIUADY E. coli Waz Lactobacilli spp.
Calcium level (%) Contrast
ltems 0.5 1.0 1.5 2.0 SEM L Q C
E. coli, log10 CFU/g
d 30 7.99 7.93 7.95 8.05 0.04 ns ns ns
d 60 7.95 8.21 7.94 8.08 | 0.04 | ns ns ns
d 90 8.24 8.39 8.36 820 | 0.05| ns ns ns
Lactobacilli spp., log10 CFU/g
d 30 7.44 7.42 7.52 7.50 0.05 ns ns ns
d 60 7.82 7.97 8.02 8.15 | 0.06 | ns ns ns
d 90 7.68 7.71 7.83 8.12 | 0.07 * ns ns

*P<0.05 ; ns = not significant
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AN9199 4.7 LAAIAIANLTNTULR glucose, blood urea nitrogen, non-esterified fatty

acid (NEFA), cholesterol, calcium L&z phosphorus

Calcium level (%) Contrast
Items 0.5 1.0 1.5 2.0 SEM L Q C
Glucose, mg/dl
D30 56 55 57 58 4.4 ns ns ns
D60 55 55 57 60 52 ns ns ns
D90 53 57 58 60 6.5 ns ns ns
BUN, mg/dl
D30 5.9 5.7 5.7 5.8 0.37 ns ns ns
D60 5.8 6.3 6.3 6.5 0.29 ns ns ns
D90 6.4 6.5 6.5 6.6 0.35 ns ns ns
NEFA, mmol/L
D30 0.211 0.213 0.210 0.211 0.05 ns ns ns
D60 0.211 0.211 0.212 0.212 0.04 ns ns ns
D90 0.210 0.210 0.212 0.215 0.04 ns ns ns
Cholesterol, mg/dl
D30 98 93 93 92 7.8 ns ns ns
D60 96 93 93 92 8.3 ns ns ns
D90 96 93 92 92 8.3 ns ns ns
Calcium, mg/dl
D30 10.3 10.6 11.2 1.2 0.37 ns ns ns
D60 11.8 11.3 11.5 1.7 0.45 ns ns ns
D90 10.8 1.2 11.8 12.0 0.45 ns ns ns
Phosphorus, mg/dl
D30 5.9 5.9 6.4 6.6 0.42 ns ns ns
D60 5.9 6.3 6.6 6.3 0.28 ns ns ns
D90 5.7 6.2 6.8 6.9 0.31 ns ns ns

ns = not significant

defansanadaeiluden Tuaned 4.7 wudrAranudaduaes glucose i
AendAnagsndn 9598 mo/dl GanudnArsananeludasdnzesinanuididures
glucose 21@4gnlA AINNLeIULRY Head et al. (1970) senudtanduduradnglaalu
waniAlsEnM 55-57 Hadangsie 100 Haaanslugninuw S9annIMAGEINLIAD
pudiuduzasnglag Wil 30 60 waz 90 RAnkiumnseeadA ArpudduTes
blood urea nitrogen mmqﬂiﬁlumuwmmﬁﬁﬁhiwdw 5.7-6.5 mg/dl Tanudniiananam
AAINLINTUIRY blood urea nitrogen ﬁmﬂﬁﬁu @:ﬁmlﬁﬁumumﬂqmm@uﬂiﬂ he

NANTUNANNUNAADIIAY NEFA UM IHHANLANFNNNADR NA1agTeidne 0.210 -

a
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0.213 mmol/L Arpududurasnaaisdanasan (cholesterol) lwaan dAnagszidne 92-
98 mg/dl Armduduresuaa@an Snagsziing 10.3-12.0 mo/dl Iaennaiiinsay
waaidenluanvnsty Suunltiufupududuaesuna@anluden ansesuaes Alfaro
et al. (1988) wurjﬂmmwL%mium@qmeL%ﬂmmqﬂimumﬁiﬁ%uunLﬁmm’wﬁmﬁﬁm%’
9TUIN 7.99-8.29 mg/dl LavnUdfefinssfuresuaadenluaaiisay iliEnng
Wrtvaespnuduiuresuna @anluiondas TunaaesinLdn AL dLge s
Woaneda HAagszudne 5.9-6.9 mg/dl fiAnAniniseeulilag Affaro et al. (1988) 7
MU TisE AR ILAR e a9 0.17, 0.67 1.31 uay 2.35% NA13ziuANNLdndy

waanaanesaludenwinty 7.99, 8.61, 8.90 Uax 8.29 mg/dl AMNAAL
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Abstract: Problem statement: Based on earlier studies in veal calves and tia¢shypothesis tested
was that high calcium intakes by ruminating daigjves reduce fat digestibility, but do not affect
growth performance due to enhanced colonizationhefintestine with lactobacilliApproach: In
dairy calves that were fed on a combination of mdglacer, concentrate on grass hay, the effects of
supplemental calcium on growth, nutrient digestipiland fecal lactobacilli were studied. Four
concentrates with different levels of calcium wesed.Results. Final body weight and weight gain
were raised by the calcium level in the concentiata dose-dependent, linear fashion. Apparent
digestibility of dry matter, organic matter, crugietein and crude fat were not influenced by thelle

of calcium in the concentrate. The number of féaatobacilli was significantly increased by higher
dietary calcium levels, the effect having a lineand. Calcium intake did not change the number of
fecal E. coli. The apparent absorptions of calcium, phosphonas raagnesium were lowered in a
linear, dose-dependent fashion by the calcium lgvéiie concentrateConclusion: Increased calcium
intakes stimulate weight gain in dairy calves fectbenbination of milk replacer, concentrate and gras
hay. This calcium effect may be related to an eobdrtolonization of the intestine with lactobacilli

Key words: Calcium, dairy calves, diet, growth, digestibilitgctobacilli

INTRODUCTION For veal calves fed milk replacers only, fat
represents about 40% of total energy intake. Itldiou
In veal calves fed reconstituted milk replacers ashus be expected that calcium-induced depressidat of
the sole source of nutrition, it has been showntiigh  digestibility would have a negative impact on growt
calcium intakes cause a reduction of fat digestybil However, in veal calves subjected to a restricted
(Xu et al., 1998; 2000; Yuangklang al., 2004). Rat feeding regimen there was no reduction in body-iteig
studies indicate that the inhibitory effect of égatn on  gain (Xuet al., 1998, 2000; Yuangklarg al., 2004). It
fat digestibility can be explained by an increasdhe  could be suggested that the lowering of fat digdgti
amount of insoluble calcium phosphate sedimenhén t as mediated by calcium feeding is counteractedrby a
intestinal digesta (Brinket al., 1992). This sediment accompanying, positive effect. Such a positive ctftd
binds bile acids (Govers and van der Meer, 1993) sbigh calcium intake could be an increased growth of
that the formation of biliary micelles is reducézhding lactobacilli in the gut. In rats, the feeding ofhah-
to impairment of fat digestion and re-absorptiorbidé  calcium diet has been demonstrated teease
acids (Beynenet al., 2002). This mechanism may the numbers of ileal and fecal laewlti
extend to veal calves as high calcium intakes tmen  (Bovee-Oudenhovea al., 1999). The effect of calcium
found to raise fecal bile acid excretion (#ual., 1998; may be explained by precipitating bile acids in the
Yuangklanget al., 2004). intestinal lumen thereby creating an environmeat th

Corresponding Author: C. Yuangklang, Department of Animal Science, FacoftNatural Resources,
Rajamangala University of Technology-lsan, PhangriKi47160 Sakon Nakhon, Thailand
Tel: +66-42771460 Fax +66-42771460
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less toxic to lactobacilli in particular (Goversdaman  Table 1: Analyzed composition of the milk-replageowder and
der Meer, 1993). Enhanced growth of lactobacillil wi grass hay

improve their antagonistic action towards pathogeni Analyzed contents, g 100°g Milk replacer Grass hay
. . Dry matter 95.30 94.10
bacteria. Veal calves are often affected by diarrdwed aqh 6.60 4.50
respiratory disease which not only determine matyid Crude fat 5.10 1.70
and mortality, but also growth. When veal calveseve Crude protein 21.00 4.10
fed probiotics in the form of different Lactobaasl 0.00 73.80
p n _ _ ADF 0.00 45.70
species, the incidence of diarrhea and respiratorgalcium 0.83 0.50
disease were reduced and weight gain and fee@hosphorus 0.62 0.31
Magnesium 0.16 0.47

efficiency were enhanced (Timmermetral., 2005).
In the present study we used dairy calves thaéWerrapie 2: Ingredient and analyzed composition of éxperimental

fed on a combination of milk replacer, concentrate concentrates

grass hay. In the light of the outcome of the stsdiith Calcium level

veal calves described above, the main questions

addressed were as follows. Do high calcium intakeg;gregient (g)

0.7% 1.1% 1.7% 2.2%

reduce fat digestibility, increase fecal numbers ofconstant componerits 41.0 410 41.0 410
lactobacilli and leave unchanged growth performancegalss_ava meba' . 58-8 58-20 57-2 0 55-30
i . P alcium carbonate . . . .
Additional cgluum was added to the co.ncentratlehm Total 1000 1000 1000 1000
form of calcium carbonate. In order to disclosesille  Analyzed contents (g 100/g)
dose-response relationships, four concentratesrififf Ashd . 7.5 7.7 7.9 8.8
; : : : Crude fat 3.0 34 35 3.6
in the level of calcium were used in this study. Crude protein 143 141 140 141
NDF 19.7 196 189 195
MATERIALSAND METHODS ADF 8.0 8.0 8.0 8.0
Calcium 071 112 172 215
; ; ; . :  Phosphorus 0.68 0.67 0.72 0.68
Animals, diets and observations: Forty male Thai Magnesium 0.38 057 041 040

Friesian-Holstein calves, about 1 week Of. age, Were Analyzed calcium levels?.Constant components (g): soybean

purchased at a local market. Their body weight 8&s meal, 32.0; molasses, 3.5 'tanow 3.0 sodium ratito 1.0; di-

+ 1.7 kg (mean £ SD, n = 40). The calves were htusecalcium phosphate, 0.5; vitamin premix, 0.5; mihgramix, 0.5

individually in metal stalls (88175 cm) with rice straw )

as bedding. Collection of feces samples. Feces were collected
On arrival, the calves were divided into four quantitatively during the period of 85-90 days bét

groups of 10 calves each so that body weighfXperiment using a plastic tray that was placedeund

distributions of the groups were similar. The calve stalls. Feces were removed from the trays daily and

were fed twice a day, at 07.00 and 16.00 h, with dhen weighed and homogenized with tap water (1:0.5,

reconstituted milk replacer (Table 1) offered fram w/w). Fractions (5%) of the homogenates were pooled

plastic bucket. The milk replacers were recongiiiin  per calf and stored at-20°C until analysis.

hot water (70°C) and presented at a temperature of ) , i

about 42°C. The amount of reconstituted milk siggpli Chemical analyses: Samples of reconstituted milk

was about 10% of body weight. As from the stathef ~Samples were freeze-dried and those of concentrates

experiment, the calves were fed one of fourhay and feces were oven-dried at 60°C to determine

experimental concentrate diets that differed inlével ~ Dry Matter (DM), ash, crude protein, crude fat, Neal

of calcium (Table 2). The concentrates containg 0. Detergent Fiber (NDF) and Acid Detergent Fiber

1.1, 1.7 or 2.2% calcium. Additional calcium waslad (ADF) as described (Jansehal., 2000). Calcium and

in the form of calcium carbonate. The concentratesnagnesium were determined by atomic absorption

were fed at a level of 1% of body weight. When thespectroscopy and  phosphorus  colorimetrically

calves were aged 2 weeks, they were given freesacce(Yuangklanget al., 2004). Fecal counts @&. coli and

to pangola grass hay. Table 1 shows the analyzefdctobacilli were determined according to Mathehval.

composition of the grass hay. . (1996) and Swanscet al. (2002), respectively.
Body weights and feed intakes were monitored. At

various time intervals, the consistency of fecess waCalculations and statistical analysis. The apparent
scored on a scale from 1 (normal fecal consistetucy)  nutrient digestibility was expressed as percentafe
(severe scour) as described (Quightwl., 1997). The intake and computed as (intake-output with feces)
experimental period lasted 90 days. intake* x100%.
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The data are presented as group means and SEphosphorus and magnesium were lowered in a linear,
and were statistically analyzed using a computedose-dependent fashion by the calcium level in the
program (SPSS for windows 9.0, SPSS Inc., Chicaga;oncentrate.

IL 1998). Linear, quadratic or cubic regressiongene

tested for the actual level of calcium in the comcae. Fecal score and bacteria: Different calcium intakes did
None of the variables showed statistically, sigaifit not affect fecal scores (Table 4). The number ofilfe
quadratic or cubic effects of the level of dietary|actobacilli was significantly increased by highietary

CQ:E'um'l excerflfhforl thel C?b'tc t_ef:[f_ectl on t_ff]_e intake  ca1cium levels, the effect having a linear trendet&ry
mifk replacer. 1 ne level of statistical Significanwas e atment did not change the number of fé&cabli.
pre-set at p<0.05.

RESULTS DISCUSSION

Growth performance: There was a statistically, Earlier studies with veal calves fed a milk replac
significant, dose-dependent, linear effect of eattiin -~ a5 only source of feed have demonstrated that high
the concentrate on final body weight and weighngai cajcium intakes reduced fat digestibility (Xt al.,

(Table 3). The higher body weight with increasingggg: Yuangklangt al., 2004). This study was carried
calcium level in the concentrate was associateth wit 5t \vith dairy calves fed a ration consisting ofikmi

higher |r_1takes of the milk _replacer. The 'f!takegﬂiss replacer, concentrate and grass hay. Increasing the
gﬁe{éy\”}'rcegtv#]aesn,{remy available, was not influentyud amount of calcium in the concentrate was foundtaot

y ' affect fat digestibility. The discrepancy betwedre t
Digestibility of nutrients: The amount of calcium in Previous studies with veal calves and the prestenlys
the concentrate did not affect the apparent digiéisti ~ May be explained by a difference in the calcium
of dry matter, organic matter, crude protein anader concentrations in the whole ration. In the presgudy
fat (Table 4). The apparent absorptions of calciumthe calcium concentrations were lower.

Table 3: Body Weight (BW), Average Daily Gain (AD&nd feed intakes in calves fed the experimen&bdi

Calcium level
Item 0.7% 1.1% 1.7% 2.2% SEM L
Initial BW, kg 32.6 34.8 34.6 30.6 1.27 NS
Final BW, kg 97.8 109.2 113.2 114.0 1.44 *
ADG, g/day 724.0 827.0 873.0 927.0 12.60 *
Feed intake, g dry matter day™
Grass hay 390.0 323.0 321.0 297.0 21.30 NS
Concentrate 287.0 383.0 368.0 371.0 14.50 NS
Milk replacer 2081.0 2303.0 2356.0 2328.0 27.40 *
Total feed 2758.0 3009.0 3045.0 2996.0 51.30 NS

I Statistical analysis; L: Linear effect; NS: NagSificant; *: p<0.05

Table 4: Nutrient digestibility, fecal scores d@adal bacteria counts &. coli and lactobacilli in calves fed the experimentaksli

Calcium level
Item 0.7% 1.1% 1.7% 2.2% SEM L
Digestibility, (%) of intake
Dry matter 89.00 87.60 90.00 90.90 0.93 NS
Organic matter 90.80 89.90 93.40 91.10 0.62 NS
Crude protein 96.80 96.40 97.40 96.60 0.27 NS
Crude fat 86.50 85.70 84.80 84.50 1.66 NS
Calcium 76.70 73.40 65.60 60.70 0.31 *
Phosphorus 85.20 83.10 78.50 72.60 0.36 *
Magnesium 45.60 44.80 41.70 40.20 0.28 *
Fecal score
Day 30 2.56 251 2.56 2.52 0.01 NS
Day 60 2.26 2.28 2.26 2.26 0.01 NS
Day 90 1.30 1.30 1.25 1.25 0.01 NS
Fecal bacteria, log; CFU g™
E. coli 8.24 8.39 8.36 8.20 0.05 NS
Lactobacilli 7.68 7.71 7.83 8.12 0.07 *

I Statistical analysis; L: Linear effect; NS: Not iicant; *: p<0.05
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Final body weight and weight gain were raised byunavailable for absorption (Brirdt al., 1992). The fact
the calcium level in the concentrate in a dose-ddpet  that magnesium also is a component of the sediment
linear fashion. The stimulatory effect of calciumm o (Brink et al., 1992) could explain the calcium-induced
weight gain cannot be explained by increased feedecrease in magnesium absorption. However this
intake. The voluntary intake of freely availableagg  explanation does not hold if a substantial part of
hay was not influenced by dietary treatment. Milk- magnesium absorption takes place in the rumen as is
replacer intake was raised with increasing amoohfts the case in adult cows (Field, 1981).
calcium in the concentrate, but this was a secgndar
rather than a primary effect. The amount of milk CONCLUSION
replacer supplied to the calves was a fixed fractb
body weight. Thus, higher body weights led to highe This study with dairy calves fed a combination of
intakes of milk replacer rather than vice versa.milk replacer, concentrate and grass hay shows that
Apparent digestibilities of dry matter, organic Bat high calcium intakes stimulate weight gain. This
crude protein and crude fat were not influencedh®y  calcium effect probably is related to an enhanced
level of calcium in the concentrate, indicatingttli?e  colonization of the intestine with lactobacilli.
calcium-induced increase in weight gain was naitesl
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