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1-1-1. KB L s 7 AMUE & 13
AT DA > T L (Ca) MAEIE. WIS S WILHEBIC L 5 Ca EREDTIHN

IRBEINC ) U, Ca TEHVEHERFEEAE 251G TE Fcimh Ca BEMEF LIZIREETH D

(DeGaris & Lean, 2009), Ca (3AEKEZHERFT 25 ETUHDOIXTIATHY | FHTHROD
IHEIZB S92 2 Lnnh, BEEOMK Ca MJE (FLEY 12725 &, B OMRBREIC L o
SRRERCTERFEE, S OICIEEREEEZ R LECTIHALH DS, LB, T2 bK Ca il
JEWCBE D AFZEIE 18 fifi R L v 200 4ELL LTz » THFGE S HL, JEA I =X LR TP
ENRIA SN CEZb DD, BN AREZ: EERRTER 278 2 WIBTEMEDIR Ca ME (< 8.0
mg/dl) Z&EH D ERVERFEFDR 50 % THRAENASHILD (Horst 5, 2003; Reinhardt ©,
2011), ME(EMEK Ca MIEIAM R ERE 72 U LB S G0, EiE-CREm. TE%.
JLER, 7 b=y A HINE AN L, MiE Ca K T X 2 HAOIHEAEICZNT S
JEPERIEIS & OBRE LR STV D (Curtis B, 1983), KENZBIT IO AR 5
~10% (Horst, 1986), HAENTOHEMIBELZE 6 HEIPFEIEL TEBY (BARKEER S
JRRER, 2015) . —JEBIY 72 © OFKITH) 334 R LB STV 5728 (Horst &, 1997) .
FROEEMBRIC L AN RERREZET L L. BREICHE A DR EITIHICKE
WH D EHEEZ LD, DT, itk OIX Ca MIEZ W TS 570305, BITH O A4
DRFBEIUZIIT D HEERFRED — DI > TV D,

1-1-2. FLEFEDO B> MG ORI

i Ca JEEK FOMBEREKE LT, ) B2rb0 CadhE (BRI . (2) k5o Ca
g, () RME S D Ca FFRIND 3 #RIF(ET 5 (NRC, 2001; Figure 1), L 72> L4k
FIZBWTIE, SR Ca AN E TS Ca REAEIE S 21213+ T2 < (Goff, 2006) |
F2 B DO Ca BB & R I ITIHNMREBIZ & 5 & Sh (Liesegang 5, 2000, 2007;
Moreira &, 2009; Taylor &, 2009), kDA A4 2 -faA 4 7% (DCAD) DRkt %
fa b L%t (Kurosaki &, 2007) % FR&E itz R Ca fHFMEMERF B IIME 22D D
Ca WINIZIEAFT 5 & EnTW5b (Ramberg &, 1984),

NBIZET D BRI AT LT Ca WIUIARSMINEARE  (Transcellular pathway) & i
MR (Paracellular pathway) @ 2 #EEA(F(E5 2% (Bronner, 1998), #HHIIERLES 1L/
TRAF—Z AW REBIRE CH Y | Ca2r OIS T+ 4680 EBIcZ <F/ET 5 Ca
fit 4 378 (CaBP9K) 12X 56 DT (Bronner 5,1998), T H D@13 1,25-Vt
Fe¥o %I D [1,25-(0H):D] IZIEfF L TW5D, —J, & & o7 1T &/ ERHH
fi> 1,25-(0H)2D ZAMEITRA T2 2 LEonh | i X 0 BEMARRIR (C X D Ca )

1



IEEINIMIE T 5 Z Enmninsd (Horst 5,1990), F£7-. HE#EY CTIE CaBPIK N+
FEIPZE . MGTET TR EBICUFET 2 Z LBl SN TWws (Howard 5, 1993;
Perret &, 1985) 73\ FLAFCTII+ GO AT RIET 5 2 & 33 S (Yamagishi 5, 2002) |
FLA TR Ca MIEABAE LT WERKO—2LEX biLd, —FF, MlaERREE Z T L7z Ca
WL Cazt DR E A 2RI H L7-Z 8 CTh 5728 (Bronner, 1987) . MEHIZ X 5 /5
FRAMEO & 2 D 2/ EERA (Horst ©,1990) OB EZ TR EEZLND, U
NCBRW T, AR Caft G- 21T WIBNED DA A At Ca IREA 1 mM 288 X 7ZERIC
HIRSIBRARRISIZ LD Ca WIS AR E 705 2 EDBHEZINTWD (Goff & Horst, 1993),
AIRR I PRARERIZ K D Ca WIUE, B LRI ET 24 A4 FYx 7 v ay (TI) %
MNL7=HDTHY (Bronner, 1998), TJ I H# L X7 ED X H 7BE RS Ik L TEE b
TRELWA Y 7 & LTHRET 208, BB A Ao oK E Vo T/ I L 2 D6 TH D
ZERHmHnD (Claude, 1978),

1-1-3. KA V> T AMGED T B 5 1E
I Ca MAED E /2 TR HEE LT, LTFOHENRREZEINL TS (NRC, 2001).,

(1) kAT Ca fA5-EOHIR
OYMEETIC Ca2d 1 H 18EH 720 15 g LR Ofifkl % 10 BRI 535 2 & T, oimin
5 ERUIMERVE Y (PTH) OWERIE L, ‘B 5O CaBBEB LR O Ca H
WY, BB 5 1,25-(0H):D FEA 275192 (Boda & Cole, 1954; Goings o,
1974; Green b, 1981), ifE, Ca WEFEAZ & OEA T A M A (T ) AR
DIFRIOREIZ LV | K Ca fEHG G L RIZOENEOND Z L bHE ST
% (Thilsing-Hansen %, 2002; Thilsing %, 2006)

(2) FriiE7n B NS/ % OFE O Ca Al 5
HILEND Ca IREA &, MIRAFBRRRE 2 L7z Ca TEYRINZEHET 5 (Goff &
Horst, 1993; Goff, 2008), 4riftE % & 53 ik 24 ket D Ca & & LT 50~90 g DM
B PER bR E D (Goff, 2008, 2014)

B) mpioE X I Db L IEHARNE S
i 10~14 HRTOEX 2> DG H L ITHRNEG I X 2R E# 2 > D fifs
2L, BRI HEEENIZ: Ca WU #2135 (Hibbs & Pounden, 1955),

1) A A His517 X 5 DCAD B0
HADMGHET Lo — ZADWREEIC e D L BrE I L g PTH 2R AEOREE
BAe N E X, BRI E 1,25-(0H)2D FEEADNEA T2 (Goff 5, 2014), R#HET L h o

2



— Y ADTREO T DAY IR 7 ETa A A U H oK S (Block, 1984; Fredeen
5,1988) 1%, WA & Bl PTH /RO st 2z [ ESE TR G0 Ca B1A8
BEOIRME 25O Ca FRIRZTEEL (Goff 5, 1991, 2014), i pH O TIC X
D4 Ak Ca D EH% 67257 (Ching b, 1989), IMikD pH #E=%—7F2F
EE LTIR pH OREDR, B ORA F U EBA A DT U ADFRIEL LT
DCAD fi [meq/100 gDM: (Nat+K+H) —(Cl +S2 )Nz L W HEH (Ender H,1971)] »H
WHND, FEILEBI O GEROHELE DCAD fEIX—10~—15 meq/100 gDM. & pH
1 6.8 LA FILE &N TE72 (Shire & Beede, 2013), i#T4-—5~+5 meq/100 gDM
D~A /N R72 DCAD EOFHETHLANTHS Z ERHEIN TS (Kurosaki b,
2007; Penner ©, 2008),

(5) Difructose anhydride (DFA) III ®#55-
DFATIII (di-D-fructofuranose-1,2’:2,3’ -dianhydride; Figure 2) %, 777 h—X 2
DS LIZERE A Y T, Ty ho/MEE AV in vitro FIBRIZE VDTN
15 ORI 1C & % Ca WIRED HER STV D (Suzuki 5, 1998; Mineo b,
2002), 3L MIFLA~0 DFATIL #5 5-12 . RO LG Ca IlREDIR T2 PRI L
(g5, 2007a) . Jﬁ@?ﬁ%%%ﬁ%%ﬁﬁﬁ"é ZEPmEINTWD (KRS,
2007b)

L2 L, (DCa a5 5-EDOHIBRIZ DWW CIIEI R 7K Ca B A FBIEIOFHEEILIT & A E R ATHE
ThbHZ L (NRC, 2001)., (2) #1 Ca Al GO\ TIXERHRIER Z 23 5 A[REMEDO H 5
SEGI TS OEBAIH SN TV D720 Ca OIENELIETFTLTEBY ., +472%
ErRELN2nWZ & (Nurmio, 1972) B AMHEMEE X X D BHIZOWTIERRN 225
a0 e 2 I v D &G ENSPEBICT < EKLRRO R TR 2 A RIS 25 & ] 23
BtER®H 5 = & (Goff & Horst, 1990; NRC, 2001), (4) DCAD fEFR#E(Z >\ TIEFHFRIC
W2 e A 4 ot orghift MK < (Charbonneau &, 2006). f# % DD R pH MERD 1=
DOBRRIZH KRERF BT 570 LTS, $io, xR PHHENMERINT-H
TEIZIBW TS RPEF DI K F 50%I353 1% (I AEMEIR Ca MUE (MLiE Ca i EE: <8 mg/dl)
L7 o TEY (Reinhardt &, 2011). LV fH{E TR MK Ca MUE T TIENRD H i
T 5, (5) DFATIL D#5 52 DWW TIEINERC X 5 Ca W INEE /1K F D28 (Horst ©, 1990)
ZAT 7RV NGO BRR I IC BT D Ca W A(EHET S 720, MEAWFLAE TR
RCTEDAMREMDR D D03, U TR DERIREILE D72+t RICE ST
v (JURIR B, 2012),



1-2-1. Difructose anhydride (DFA) III &%

DFAIIL X, FaV R lIll&EnNHA4 XV %2777 NNV NT U AT =T —BULEEd
HZEIWZXVEEIND (Sakurai b, 1997; Saito & Tomita, 2000; Kikuchi 5, 2004).,
DFATIL O3 f#I21%, DFATIT AR RIS IZ L D a-(2—8)7 7 7 b REEG O3 fifhs w2
LieBiz (Sakurai B, 1997), B 7 ¢ AARSCHERE e & EEARIGNMEICE LS
WS A FF>  (Minamida 5, 2006),

1-2-2. Ca WIiZxt3 5 DFAIILI O R —FHFEICB I DA —
BHE (7 v ) O/MNEE W invitro 5B IZIV T, DFATIL 1% TJ %47 L 7= Mipa
PRIRIRIZ L D Ca WINDIREDHER STV D (Suzuki ©, 1998; Mineo ©, 2002), Caco-
2 Mz W2 BRIC L D, DFATIL X T #pk ¥ > "NV ECThbrrn—F 4 -1 &7 7 F
Y7 4T A FORMEEE S, R ERESEEE (TEER) 2T 22 8128V
(Suzuki & Hara, 2006). MfEEWIN~—D —OEHZEHO D Z ENRHEINLTND
(Suzuki & Hara, 2004, 2006), L7 L., DFAIIL{Z k%5 TEER OfRBIEL, —fkiZHmHiL
% TEER Z /K S 2 FERHER - CIIRR 90 bitd Z L id7e <. DFA 1T Oz %1%
FNHUNDOFIZ LD EB L TWAE EEZ BN TS (Suzuki & Hara, 2006) .,

1-2-3. Ca WUUzxf9 % DFAIIL OZF  — v AZBIT D5 R —

DFAIIL 1%, HAD/L— A UPEMIZRESIIC W (D, 2006), Fivd ., #&H
$5- L7 DFAIILI3AG B 1 e 123+ Zf5 M2 5 DFATIL & L TR & (9 5, 2007) |
HEFLE D DFATIL 5 5030 MeiF O fiE Ca IREEDIR T4 P (S, 2007a) . JE PEMIERE
WOFIELRZARINT 5 Z L AwE S TWd (gD, 2007b), Iz T, HAETHICHT 5
DFA I (5 5130 » b0 7a 7 ) o G (IgG) WZ &S (Sato b, 2012), 40D
fEFIRE A2 =T 5 Z & (Matsumoto 5, 2009; Takagi ©, 2011) HfEIN TV 5,

1-3. WFZED AR E NE

AR L0 | BUROIK Ca MAETFIFIEITHRE S L. o2 RHohTnd &
II5 2720, E7z, DFAII @ Ca WU D3R IE, ZAE THACIEEmAYICTEH S
NTZholz Ca BRI AN LIzbDTH Y | a@ﬁttﬂf& Ca IAET B 715 72 5 Wl RedE:
D END LoD, AAITEIT D DFA I OFFERRIL, vy Tl HEEICB T 5
HROBIHE 7250 TOBEINE L REARRRALZ N, b OEFEEE X A%
IXFLEICR9 5 DFA I OB GIREZHLNCTDH 2 2B, 1) IL4FICBIT S DFA
T & Ca WIUEHEN R OMETR, 2) AT I T D F4F~D DFAT OG5 RO %
1T-o7,

%1 OFBEICHOWTIE, DFA I 04+ B ~0FER (2 =5 1 8) BLOw

4



TR 52 ER e Ca WIIZ RIZ I8 (5 2 25 2 H) OMFtEiT-72,

%2 OFETH 5004 2B D DFA LI O 5B OBMFHI W Tid, EBIC ot
AW GRBR ATV, ik B oM T Ca JBEEICKIETTHER LN, ff Ca JRE
KT LZBRICHERE L 5 2 &R, b b)) BrboBA R 50NZQ) IBENHO
REBNR RN ORI A A+ 5 = & T, DFATIIL OIS 5 5 OZ @722 Ca WIUEER) AT
OWTHR L (B3 3E 1), S50 Ca MUEDLFEIT, FEHREESCHLE, T/
F— T A INEBERERIE R O N FEEBEICBWEELZ RITT LEZOND 2 L0b,
ZNHIZOWTHRE L (55 3 B 2 ),
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Figure 1. Schematic of Ca metabolic control in dairy cows (modified from Yamagishi,
2012).
1-OHase: la-hydroxylase, 250HD: 25-hydroxyvitamin D, 1,25(0H):D: 1,25-

dihydroxyvitamin D, CaR: calcium sensing receptor.

Three routes exist by which to recover reduced serum Ca levels: (1) resorption of Ca
stored in bones (bone resorption), (2) dietary provision of Ca, and (3) reabsorption by the
renal tubules (NRC, 2001). However, in parturient cows, the total amount of Ca that can
be recovered and the extent of urinary Ca excretion are relatively small (Goff, 2006), and
Ca homeostasis has been reported to depend on intestinal Ca absorption immediately
after calving because bone resorption is delayed for 1 wk or more following calving

(Ramberg et al., 1984) unless cows are fed a low-DCAD diet (Kurosaki et al., 2007).



Figure 2. Structural formula of difructose anhydride III produced from inulin with

Arthrobactor sp. H65-7 inulin fructotransferase (EC 2.4.1.93).
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AATE TS DFATIL @ Ca WA HE ) S O e R

951 i
DFA T ® %7 3 4515~ D F| 2

2-1-1. HWY

DFA III X, &#EIZIBW MG ORI M BRI X 2R AR ZFIH L7z Ca WA
T D Z ENMEIN TS (Suzuki 5, 1998; Mineo 5, 2002), 7=, 7 AZBWT
DFA III j3b— A NAEIC R S s < < (g5, 2006) . #% A #&5- L7 DFA III /%
HRNT Ca OEFRRIGHAL T L+ 45512 DFAIIL O£ FEET L2 L (T,
2007) WHRESNTND, ZHOHEND, DFAIIL IR BE TH L U BN T,
Z v MRERIC+ ZFERGICEIE U, AR HIBREEEE 25 0 Ca W ARt 3 5 IRt dh 5, L
2L, EBRIZ Y UITHEE- Lz DFA I 78 EORREDOFIEG T+ ZFIBICEIEL T2 O
HOENTRY, 22T, +28B0 =2 — VEEFZ AWz in vivo iBRIZ L Y . DFA 11T
O+ FRIGEREREZALNCT A LA HME LT,

2-1-2. #BFE Ik
1) #ERGIE
N—RA T A ATNARBLOF GG =2 — L aEE Lo R VA Y A UFEEILA 8 B
(7.2+1.2 i, 673115 kg) v, 17 HE GUEMREUM 3 B, vy a7
v MM 4 AR ©3X3 T T VIRIETITo T,

PRI E DO Z A A = BEIRE L, a—2 A L — 6.5 kgDM, HH 4.5
kgDM. wifliBlA e 1.7 kgDM %45 H 10:00 12#85- L7-, DFAIII (H AHESEE RS
e, BT 1%, ZARBKB500ml I A7 m—2 100g (DFAO), DFAIII50g & 27 1 —2 50
g (DFA50), DFATII 100 g (DFA100) #ZHEhiEfif L, AR 1 5 H o 10:00 12V
— AT A AT NANLEE Lz, £, FRICEHE~—T—& L T=39L ~ EDTA (Co-
EDTA-4H:20; Udén 5, 1980) % 16 g (Co L LT2g WMLz, /L— A PNIEEE L O
+ ZIRIBNANR. EGIEIIA B 1 A B ofeHa 5-aT (0 FEF) BE V1, 2, 4. 6,
8, 10, 12, 18, 24, 36, 48, 54, 60, 72 KfffZICBR L7z, L — A NEHKRIT 4 BT —
Y CTAHB LI, 6 MIEEEEZ Y7L 100 ml 122 % 1 ml #IN L —20°CC Co & ED/HT
F CHSEIRAT LTz, +HIBWNIEIRS JOER#EIZE DO E £ Co 35 LU DFAIIL 043 #TE T
—20°C CHERAT LT,



2) ot IiiE

DFAIIL i/ D53 #71% Minamida & (2006) 3} X OHH 5 (2007) OFFEIZHE L HPLC
\ZE VAT o7, ARRESHEICET 5D DFA I o HRFRIE 10 png/ml THh-7-, Co HESE
DOoFTIE, ICP N emairiEE  (ICPE-9000; HdtBUERT, ) 2 AW TiT-o7z, v
TVORTLET, +RBNERIIEY O £ E . L 60°CT 72 @R L, HEEE
lmm DOH vT 47 I (SM2000; Retsch GmbH, F1 ) TE#ELZH D%V,

3) FHREFIE

Jo— A B ORI Yang & (2001) OXICAIY EH Lz, — A CNEFRE
F— A U INER Co RFEEDHERIZ X 2o (CO) MHHR L, b— A U NFIRD
WHEE 2K D72 (Koeing &, 2002), DFAIIL O 55k L O#ERERL, FitoRUc
EVEHLE [Ray & (2013) oX&E%LE],

o DFAINl O+ ZHaM(38) 5 (%)

B Co fa5-F(g) y - 4R N 2% (#) DFA 111 [51% 7 (g) < 100
+ THRIBN R (FE) Co [H1UX R (g) DFA 11 55 5:(g)

>+ RGN DFA 1T(Co) By £ (g)

1
= (m) X Y[+ N AR B (m]) x + 5PN R DFA 111(Co) i £ (mM

/53 ¥£:/1,000)]

> 3 DFA I11(Co) R £ (g)
= Y [#EFHUE(g) x #£ DFA I1(Co)iE & (mmol/g/ 431 :/1000)]

2) WERHLER

T_RTCHOT—HIER 3.1.2 (R Fundation for Statistical Computing, Vienna, Austria)
ZHWTHREHLE LTz, — A CNEIRERS L OV — A Ui i, AR EE, DFATIT
O+ MR 5 N EA~ORERIT, BEMREZ LXK, T & 2R & I L OB
WL L=IPIRAZIHE T /L (ImarTest package) Tl L. FE¥MED L% Tukey test
TITo7=, + FE8ENEEIE LU0 DFA TIT 2 & Co JREEIX Pearson OFHBIRELIZ &
DIHBIME A MRS LT, fERRER 5 %kililix AEZAEH D & LT,



2-1-3. #AEH

DFA III 1%, DFA50, DFA100 & & 245 1 B+ FRIBNER DR S h, &
5 4 WEE% I Ec b @\ DFATILIRIE L 72 0 | 2 OREIIAERKFH Th - 7= (Figure 3-¢).
o, IHRENER O DFATIL RE &k~ — 7 — & L TG L7z Co O+ I A
TR IR IRV IEOFIRIRIMR (DFAS0 : r=0.91,P<0.01, DFA100: r=0.93,P<0.01)
b7z,

# o DFA 111 /%, DFA50, DFA100 & 285 10 Rl b S iz, Dtk
WX e HFE 18 KRR RIRE L 220 | 5% 36 RFRZIZIZT T4 TR L
T & 7207 (Figure 2-e), [HBEIC Co b5 10 FFEI#% 025 % Co BN L., &5 18
IR IR & 0 | e 72 RIS G-R & [RIRREE & 72 > 7= (Figure 3-d), 3EH @ DFA
IIT #27% Co ¥ O RIfRIZ. DFA50 (r=0.65 P<0.01), DFA100 (r=0.78, P<0.01) &
HICIEDOAABIBIRIC S - 7=, ¥ 5- L 7= DFATIIL O 4515553213, DFA50 T 69.1+7.0 %.
DFA100 T 67.9%t5.6 % Cd>7= (Table1), F£7=, DFAIII Ok H=#X DFA50 T 8.7
+2.2 %, DFA100 T 15.3+4.5% C&é ~7= (Table 1),

10



2-1-4. B

BHRBICIBWT, DFAII R°7 77 M4V T, 77 ¢ ) — A7 EOEH LAY T
X, BB TO Ca WINZRET 2R HME SN TS (Suzuki B, 1998), Z DOzhRIE
4V DHENGE ERIIERIBRICIFE T D TS 2R 52 787 n—F ¢ -1 \ZEA
L (Suzuki & Hara, 2006) .TEER #{X T &5 Z £ 12K % & &4 (Suzuki & Hara, 2004) .
Bl DFATIL TRHIENE W EDNRE ST 5 (Suzuki & Hara, 2004), —J7. 7 10%
TR IR AEMRBEDM TR b OB B 2 b2z, MEHBM THZ2WE Th > THFER
DOHIEPELNIRNT ERZW (S, 2006), DFATIL & EERARICIE 12T 5 Ca
WEHE 2 F 2 FE D72 DI, RO B NIAEIZ 0 fif S TIc E 8 e Ca WG CTh 5+
TFEIBIC DFATIL O £ £ 2T 5 Z EDBRMERAIR EZ X HILD,

KB Uiz DFA T 138 5% 1 RE## & © DFA TIL OdREEC+ ZHR BN 5
&, ZORFRITHHES (2007) OWE L~ L, £io. +fRIBNERR O DFATIL
PREE DRSS, Wit~ — 1 — & LTHRE LTz Co OHER & IEF ICm WHIBIBIR A A bz =
END ., KBEWNICH G L7z DFA T IXECHICHRABICEEME L. Seo & (2007) DR L7z
HAH DV — A AL 11~20 %/RFE & AR, FEH IS @SR E Tr— X b+ R
M~ L7z £ B 2 bz, 4lEl, DFAS0, DFA100 & &2, #45 L7= DFAIILI %) 70 %
M FEE T Ca WML T 2+ “HEMMICEET DR RAG H 417223, DFAIIL O/ — A U
WAEIC IR IS < (Sakurai B, 1997; £#ES, 2006) FFicinz, A— A v
D O D S 53 DFA IIT O @+ ZFRIGEERZ 725 LTV D ATREME mv &
B2, UEOZ LD, AW THEEAEFERC DFA I (2 X5+ 28605 Bk
HIAR R BRI 33 1) 2 AR R B 25 B 0 Ca WURHE S HITE S vz,

—J7. DFA III ®#F e Ri% DFA50, DFA100 & %1249 10 % & FEH &<, + 45
5y % i3 U 72 DFA IIT 13+ 8B LARE O THALE 1238\ Tl & 2 ORI X % 0 fil a5
Bz bz, BEEFHICE VT, DFAIIL IZMGNMIE Ruminococcus productus \Z LV 53
fif <4 (Minamida ©, 2005)., 2 CECTZAEEN I X TNDA TN EHDH I L
T, KIBIZBT D IR TNV ERET S Z ERHE SN TS (Suzuki 5, 1998), AR
BRICHWTIE, + BRI 5 DFA I D EE ORER L OV % T RIS
WCOWTOREIII T2 > TELT, SEBRANBMETH D, -, B DY ~0 DFA
I A HIC LY . BB NMAED D DFATIL 3R 2 5T 2 OOV T H, A% MEEHN
VEEEZLND,

VU bEofiF X0 AEicix, FICH T 5 DFA I O+ 85 ~OBEROMF 21T -
7oo TORER, FLFICHEE L7 DFATIL /X DFA I O £ £+ RIBICEE L, T ORER

TR T0 % THDHZ L afER Lz,
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Figure 3. Difructose anhydride (DFA) III and cobalt (Co) concentrations in ruminal and
duodenal fluid and feces of cows after being fed 0 g (DFAO, A;n = 3), 50 g (DFA50, O;
n =3), or 100 g (DFA100, [J; n = 3) of DFAIII. (a) Co concentration in ruminal fluid; (b)
DFA III concentration in duodenal fluid; (c) Co concentration in duodenal fluid; (d) DFA

III concentration in feces; (e) Co concentration in feces. The vertical bars represent
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Table 1. Ruminal passage and percentage of difructose anhydride III (DFA III) in cows

Treatment®
Item DFAO DFA50 DFA100
Intake
Co, g 20 = 0.0 20 = 0.0 20 = 0.0
DFAIll g 00 + 0.0 50.0 + 0.0 100.0 + 0.0
Rumen
C0%>, mM 44 + 05 44 + 04 42 + 04
Ruminal fluid volume®, L 80.5 + 10.7 781 + 7.8 81.7 + 80
Ruminal flow rate’, L/h 76 + 0.8 81 + 0.6 84 + 1.0
Rate of passage from the rumen
Liquid passage®, %/h 96 + 0.7 104 + 0.2 102 + 0.3
Duodenum
Co recovery, mg 100 = 0.9 107 + 1.8 104 = 1.1
DFA 11l recovery, mg 00 %= 0.0 1925 + 459 351.7 * 254
DFA 111 appearance®, % 00 + 00° 69.1 + 7.0° 679 + 56°
Feces
Co recovery, mg 160.8 = 26 1755 + 8.3 1589 =+ 79
DFA 11l recovery, mg 00 %= 0.0 370.7 + 774 601.6 + 170.7
DFA Il appearance’, % 00 % 00° 87 + 22% 153 + 45°

ab Means within a row with different superscripts differ significantly (P < 0.05).

1 Cows were fed DFA III (Nippon Beet Sugar Mfg. Co. Litd., Tokyo, Japan) via the ruminal
cannula as 100 g of sucrose dissolved in 500 mL of water (DFAO; control), 50 g of DFA
III and 50 g of sucrose dissolved in 500 mL of water (DFA50), or 100 g of DFA III
dissolved in 500 mL of water (DFA100) at 1000 h on the first day of each experimental
period.

2 CO = Co concentration in the rumen at 0 h after Co feeding (Yang et al., 2001).

3 Calculated by dividing the Co dose by CO (Koenig et al., 2002).

4 Estimated by multiplying by the rate of passage of liquid from the rumen and the
ruminal fluid volume (Koenig et al., 2002).

5 Calculated using a formula modified from Ray et al. (2013).
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%2
DFAIIL IZ X% 7 o+ FRIGICER T 2537 Ca WX DfEE

2-2-1. HIY

DFA III O+ —F5iG~DOREE & it L7oaifi OfE R 6 LRSS L7z DFA IIT ©
)70 %A FEEZR Ca WL CTh 2+ "4 HICENZEL T\ D Z &R sz, AlIck
7% DFAII @& Ca WIURHELSNR Z MRS H720I121E, S b2 o+ fEmIcEEL
DFATII 75 & da 8 [RAR IR R B AR S 0 & D Ca W ZRAHET 2 D02 B B T3 D BN
bb, T TAETIX, T HBICRE L DFALIL o825 7 40 E LT, 7Y
O+ HRIEARZ A\ - in vitro BB A FEME L=, £ L C, + 48BICEB1T5 DFA I O
Ca WIE R R & fat LTz,

2-2-2. FPEFETTIE
1) #BRGIE

7 v DO+ FEMEEAR % V- in vitro a1, Kozakai & (1999) O HIEIZHEL TiT-
77

LRERD YV THH (RVAZA A6 5H, BEMA1EH, 30114 » Hiim) O+ _f&5G
Z1AR10 cm ORI T2AEL, BIEZRE L%, KIBEE ZER Uz, SRz
% (pH 7.4, 20 mM HEPES, 125 mM NaCl, 4 mM KCl, 10 mM 2 /L =2—X) % 10
ml FEA L. Wl Z A#R TRgs L TRIRIC L, 25 2R MEEE R (pH 7.4, 20 mM
HEPES, 125 mM NaCl, 4 mM KCl, 10 mM #Z/L=—X%_ 10 mM CaClz-2H20) [ZiRi&
L. 100 %t Z @5 L 37°C T 60 /0isak L7z (RHRIX), DFA XOREFEAIFEERIZ 1T DFA
I % 1 mM ML, [FERICE#E LTz,

Btk BEREENR T O Ca JREZ T L (Calcium-E test; Fuyeflidk TS 4E,
R HEREANRE @R 0> Ca W EE A IE L 7o, HIE M3 L OEN OEEREITZNZEh 1.04,
0.35 % ThH -7,

2) et

T _RTCOHT—#1E R 3.1.2 (R Fundation for Statistical Computing, Austria) % H\ T
FUE LR U 7= SEIBERIRE T O Ca iR i 4+ 1R IC 31T 5 Ca Wi & L ALER[H] C Paired
t-test IRV L7z, fERE S %Kiz AEEDH Y & LTz,

14



2-2-3. R

+ “HEBICR T S Ca W& % Figure 4 (27~ L7z, DFA X® Ca WX &iX, xFHRXIZHE
NFEICHEM L (DFA X: 803+ 161 nmol/cm, % [X: 456+ 74 nmol/cm; P < 0.05;
Figure 4),

2-2-4. #%%

INIBIZH 1T D Ca WA MR AR & MR HIBRRR G O 2 #2#847/E 7~ 5 (Bronner, 1998)
ZNEN ORI OFFE & LT, MIfaH BRI IT Ca2tDIRE AR AT L 7o Z 8k T
H %7 (Bronner, 1987), BEWN® CazRENEWIE E Ca WIN R IXERIIZHIMT 5
DITH L, AR TS Ca IEDIK FIZxHET 2720, IHENO CaztEEORmEY
OHT—E L5 (Pansu b, 1981; Figure 5), ARBRIZISIT 2 K5 Ca J2EIL 10 mM
T, MEAER) 2 7 > O IfT Ca B (2.2~2.5 mM; NRC, 2001) MGG EEICK TS Ca
IR 2 A=V AEH (0.35 mM; Bronner, 1987) I[ZHE_IEFICEBE TH o722 b, #%
AR B O Ca WUT—ETh o7z LB x bz (Kishi 5, 1996; Suzuki 5, 1998),
DF Y | RSB O TSR N EE 72 Ca WK Th -T2 B2 b, &
B G RIE, DFATIILIZ Y 2B W Th e FRT v M CToOME & RISk, Mhaf R
MH D Ca WA MEET DR EFFOZ LA REL TV D,

A TlX, DFATIL O v v+ Z4BBICB 1T 5 Ca WIIUEEZN I Z B 52023 5 7o Ot
ATo72, T ORER. KEMARIZ DFATIL 1 mM 200 L7254 iR 5 Ca WINED
ARERBME MR LT,
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2-2-5. MBI
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Figure 4. Calcium absorption by everted sacs made from the duodenum (means + SEM;
nmol/L). DFA III = 1 mM of difructose anhydride III in artificial mucosal fluid. Letters a
and b indicate statistically significant differences (P < 0.05) between the results of the

treatments.
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In the everted

segments Ca absorbed

paracellular
/. pathway

Ca absorbed, mM

transcellular
pathway

4
Vmax/z. /,
4
',1

0.35* 10
Ca supplied, mM
*Michaelis constant (Bronner, 1987)

Figure 5. The details of Ca absorption in the everted segments (modified from Pansu,
1981). In this study, the differences in Ca absorption via the transcellular pathway in
both treatments were not considered. Because the Ca concentration in the artificial
mucosal fluid used in this experiment was 10 mM, which is higher than the Michaelis
constant for the saturable transfer of Ca in the everted segments (0.35 mM; Bronner,
1987), the increases in Ca absorption found in this study likely involved changes in the

passive paracellular diffusion of Ca in the intestinal mucosa (Kishi et al., 1996).
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%3
/N

AREETIE, LA 5 DFA T 0 Ca WUMBESREHRT 5720, LAFITRE L
DFATII ®#) 70 %7 DFAIIL O £ £+ “fRIGICEET 5 2 &+ fRIBICEIE L 72 DFATIIL
7 ACE T b BRI T IR L RATRRIBRI 551 2 AN RS > B O iy
2 Ca W 2 ARAES 5 FTREREA 8 5 = & 27 LT
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H3E

IIRETE BT 5 A4~ DFAIIL O# 5 2h R O kgt
%1

DFA IIT #& 5- 2353 et B8 0 Ca AR LT T8

5

s

3-1-1. HIWY

2 EIZBWT, I G L7z DFA III O 70 %75 DFA III O % £ 1+ 45512 25E
L. U ZHBIBICRBW TS E AR Ca WA (REET 5 Z E AR I NI, 2D Lh
B, leRith OFLA~0 DFA I #5515, Iisic X 5/05 ERGRia o 1,25-(0H)2D 245K
¥ oW (Horst 5,1990), T 7B/ MBI 5 Ca REENLILEE ) DIK T DR EE % T 72
U Ca WIS © & 2 IR BRAR R 12 31T 5 Ca Z BRI Z R 19 5 AIBEME DS @, Lo L,
Oy iRit: OFLAEIZEB O T DFATIL OFE 25 O Ca ZEIRI OfEtE % 7R LI ik 137, £
ZCARHEITIE, R oMt I 1 T VRER L O Ca b 2R ey ENHO Ca
B8 2 T ERE~ — A — ORI LV | i~ DFATIIL #5575 Ca REHNT K IE T 5%
FHAONITAZEEZHE LT,

3-1-2. #ELE ik

ABRIT, 2012 4 10 H 5 2014 45 4 A7z 0 BIKBERFEET 4 —/V KBS v
X —|ZBWTHENE L7, RBRAFIEITH LS FER T I ERE BT 28I | LS E
KRFEYEREBZOEGEO FFEM LT OKRFE 5 25-20, 26-9)

1) fEtEw

i E 21 HRETO RN AL A AR ERILAE T4 A PERBB L ORENE LD &
IICKIFRREL DFABED 2 B (45 37 5H) 120\ ) 7z, *THRRE L DFA BEOKFESAEIZLLT i
0D CThHDH D% ERE : 3.7£0.3, 3.7£0.3, M TE 21 HEIORE : 771+12kg, 768
+10 kg, T E 21 HEIORT 4 25 43 A=27 (BCS; Edmonson 5, 1989) :
3.51+£0.02, 3.54+0.02, RIMILLID 305 HFL&E : 9,465+228 kg, 9,690+270kg], kER
I TE 21 BRI O ohE TRV X —NO K7 7 4 —F —5%E 7 U — R h—/LiBr
& g 1 BREIEOERB L O X —HNDO X A A h— NV EETHREL, KEIFXTIL
7 v v/ (KNZsaltlicks; Hengelo, 47 > %) [ZFHHBICERTX 5 XLz, G
I 0 E CHZALAEH TMR 2524 C10.9+10.1kg/H & A FRHZE ORI A L L7 (Table 2),
I, FLE 35 kg 7% AT (NRC, 2001) DibFLAFH TMR & A X RHZEOfaf & L7 (Table
2), T E 14 BEI B4 6 H#% £ T DFA #1213 DFA TIT (0 ASHISE Sk S 4, R
H) & 20 %EteSL oy b 200 g/H . xHREECIZ DFATIL 25 £ 720 XL > % 160 g/ A
#h5 L7z (Table2), J7ciH, DFABHC DA 40 g/H O DFAIIL 2445 L7, itk &

19



S 12 B2, CafifeZ2 AAIICY B Ca % 200g (Ca & LT46g) AL L., &
Mt 6 HENIZY 8 Ca % 100g/H (Cat L T23g) % Fvy 7 RLATHEL,

2) F—HAB LY T IILERRR
FalBHG G- & R AR BT 00 14 ARG 500 6 A E CTREHEHII L7z, &k 7

A 1 EERE U 7o, FRfaI3 A B L. ARy o T IR AT o 7=, SRR o 770 130 R s e
T60C - 24 FFHRZME L, 1 mm OHZED X O Il (SM2000; Retsch, FA ),
¥ (DM) HERE (CP), tET % — 2 = Mk (NDF) | i@t % — > = > NMik#E (ADF) .
HET % —Y = NRBEEBE (NDICP), BT ¥ —Y = MREEAE (ADICP), &
P74 —V =z hY 7= (ADL) #lEl (EE) . JX%r. Ca, U > (P), v 7 %+ 7 & (Mg) .
VoL (K. 7R vs (Na), fitgg (S), HFE (C) O4trEiT-7c (Table3), N &
BIITNVA = EICE > TERL, 625 2% LT CP & L7z (AOAC, 2003; 984.13), NDF
I% Van Soest & (1991) OFIEICHEL, o 7 27—V EHAMEET NV v AZHNTHHT L
7=, ADF X AOAC (2003; 973.18) (Z# U T4t L7z, NDICP & ADICP i% Coblentz &

(2010) & [AEED S7ETHMT L=, ADL X AOAC (2003;973.18) (2% U CoH#r L7=, EE
IZ AOAC (2003;920.39) (2 U Tofr L7z, JK5713 600°C2 FfEIRAL L o4 L 7= (AOAC,
2003; 942.05), Ca & P, Mg, K, Na % 600°C - 2 BRi]IRAL U 7= i & Hi e CRIARR L.
ICP F&)t43 53 #Hris (ICPE-9000; B dl/Erl, sU#F) Tt L7z (AOAC, 2003; 985.01),
S & CLIFHEDOE X AR AL (JSX-8100RIL; A AT fE=a4t, #R) 2 A/t L7z, DCAD
i (meq/100gDM) (% (Nat+K*) — (Cl'+S2) TRk®7= (Ender ©H, 1971), NEL & &IX
MEFFZELRED 35 & E L7z (NRC, 2001), 1 HO I I EIET, wEIE (FY
fa b & i EREA Rt D7) LEEIT A IR T AGEEZR O THEL L,

MY > 7 3otk 21, 14, 7, 30 1 BHATE ., 2% 0 (ER). 6, 12, 24, 48, T2

W4, 38k 4. 5. 7 BRRICREIRD SERE L 72, BRE L 72 i o> 77 vidiz L4y BE L (2,000
X g, 10 73f#]) . Mg %53 HT £ T—30CIZTHRAF L7z, I Ca, P, Mg IRE X BBV TS
BrigfE (TBA120FR; HE AT 4 AL AT AR, HiAK) THH LT, it PTH #EEE X,
HIROEEF ~ ;b (Access Intact PTH; Beckman Coulter Inc., 7+ #) Z MV, 450 21,
7. 1 HAETE 34 00 12, 24, 48, 72 Wfflig, 08 7 ARICBW IO Lz, M 1,25
(OH):2D P 1L, ik RIA % » b (Immunodiagnostic Systems Ltd., -/ VU 2) Z >,
S 1 HETE 408 0, 12, 24, 48, T2 FFZICBWTHIT LIz, BTN~ ——D O E D
THHMF 12T —7 U888 N-7 e X7F K (NTX) #EE, fili ELISA ¥ v k

(Osteomark NTX Serum; Alere Medical Co. Ltd., &) Z M., ik 21, 14, 7. 1 A
A& 43R 0, 6, 12, 24, 48, 72 WEff4., 43t 4, 5, 7 HZIZIB W T L7, i pH 1%,
& A 5T E (Cobas B221; Roche Diagnostic Japan, BR) Z W, 7o0if 21, 14,
7T HRNZ W T LT,
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PEFLIZ 1 A 2 BTV, itz 6 HEOAEBS LUOHAH CaBELHHE L7, L Ca D
ST, Y7 1 ml ke —R (FOGMESE T3NS, KK % 05 g Iz C
600°C + 2 FEfEKAL L, e CHRIEM L 7= 0% ICP 30t mbris (ICPE-9000; it
YERT, B#F) THobr L7z (AOAC, 2003; 985.01),

3) MEFHLER

HERHEATICOWTIE, T Ca 3L OVPTH, NTX #, Ca {EHE O HEIIKIE
HIE 78T (JMP 8.0.2; SAS Institute Japan BEUStE, B 2L ViT-72, 7272 L,
R T NARRE O BT & ol et Uiz, LB & B CHEMER B O bz e
[T T O Student D t #EZ 1T > 72, S IEATRIZISIT 2 M NTX JRE OHER 2| 428
TELEUHEE = & @ Pared t-test |2 & ¥ B[] & & O Hlk & 1T > 7=, D W%ICE T 5 ILiE Ca I
DRI Z TG 5 728, BB L OPEREC Ca OB Z 3 ko lth#i 2 H Tidw, E
HAE (9.0 mg/dl; NRC, 2001) % T4 25 DICH LK 2K D72, fERER 5 %Al &2 7
BEDHY, 10 %ARmZ2EmH Y & L,
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3-1-3. fH%
V¥ DFA TIT #55- B 40X 16.6 1.5 H#, f&&KiX 26 B, &&EIX7 H Ch-7-, DFA
BED 3HHE, XHREED 1 BECTHPED =D Bh 21T~ 72,

1) MRSy

SERTOMIE Ca 33X P, Mg JREIIREMIC 1T e <. MEZICTREE HITIET L
oo LML, 36 (P<0.05), 12 (P<0.01), 24 (P<0.01), 48 K§f#]#% (P<0.01) (Z
BT HME Ca REEIL DFA BEOS K FRREICLE A BEICEm 2> 72 (Figure 6a), ift&iciwn
TIiE Ca #EN 9 mg/dl * THEIET D OICE LZHiIZ, DFA BEOSHBREIC LR <

(DFABE: 43t 28 WF[HI 14, *FRREE: 23 61 REfEI#2) | F 72 & ERIZIB W T 6 Ao 72 (Table
4), k6 (P<0.05), 12 (P<0.01), 24 (P<0.01), 48 K% (P<0.01) (Z¥1F 51
15 P IR IX DFA BED X RRBEIC LE B B @ Do 72 (Figure 6b) , 438k 72 RfE % (P < 0.05)
BLOGH4 B (P <0.05) (2815 IMiE Mg 21X DFA BE03x FREEIC G EIC @D
- 7= (Figure 6¢),

Sy REATO Mg PTH R I3RS 21T e o 1o, S0 IS BV T, M S B4 IRIE %I
EA LR, i 12 (P<0.05) 38X 24 Kefijt: (P<0.01) |2 DFA FEASKIRRRRIC L~
BlZK) o 7= (Figure 7a),

bt (-1d) oifig 1,25-(0H)2D ¥ EEIIRERNIC 221370 < | S lRiE IS KO 12 REfE# IS
WIRE & HICHIIN L7, 2o 72 BRI 2 i 1,25-(OH)2D #2EE 1% DFA BEASHREEIC
LE~_FEIE2 - 7= (P<0.01, Figure 7b),

MiE NTX IRt CREFIC 1T 720 o 7= (Figure 8a), fiiA4-2FHD MiF NTX
WEEDOHERIT M 0, 6, 12, 24, 48, 72 Bifil# 2%, 00 21 HETB X O 4, 5 ARIC
HERTHEIE)»>7- (P<0.05, Figure 8b),

e oIE pH 1%, BEF CEMNR) - 72 (Table 5),

2) IR TIERE
Syt Ca B XK EBEEICHEM CTEIX A 72 (Table 5), L2xL. %I HBW
TliX. DFA BED Ca EHEE NIRRT LA EICEZ -7 (P<0.05, Table 5),

3) # Ca e

FLH Ca MBS IXRER T2 72 2v» 7= (Table 5), DFA BEOILEITHBREICHEANEEICE
2o7= (P <0.01, Table 5) 728, F.~® Ca P EIZ DFAT CTHEICE L 2o7- (P <
0.05, Table 5),
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3-1-4. B

& Ca lIEDY X7 777 & —L LT, Flpinfl, Sk Ca XU K& &, DCAD
i, 1K Mg MJEZR ENZET 5TV 5 (van de Braak 5, 1987; Oetzel, 1991; Goff & Horst,
1997; NRC, 2001), 72/ Ch, REMET Vo — 3 R T HBRIEICR b BERER L Sh
% (Ender 5, 1971), KRR TIX, TNHDY 27 77 7 2 —0 9 HLREREE KOS,
SR O GEEE, Ca 36 K OVK BHEUE, Mif pH, 53 #:% 53 o Mg Mg §REEICHEM CF
WE7ZR < ME—R2 501X DFAIIL O 5O FETH o7, MiF CalRENMETT25&, %
DFHEDOT-DITENS D Ca BB, /MG S D Ca IR, JRAIE S D Ca FLILAME)
< (NRC, 2001), #iL6 Ca fliEZEKD 5 b, BlfIZI T 2 RMED DD Ca FRINITE
A F U S DB K E 2B Z 7> (Schonewille ©5,1999), L LARER CIX, [2
A A UG L TR 6P, #HEA4121E DCAD [Eo &k (+36.2 mEq/100g) 23445
INTW e, E724ME JRMED DD Ca FRINEDFAGITAT > TWZRWA, B TR—WN
KOfAE L L TH VR Ca FRINEICEN 2N EEZLND Z &, R LOFHRIL S
% Ca &I MIE Ca ZFIH S WD &EICIIAR T+ THDHZ & (Goff, 2006) 225, itk FH
WIZBWTITENSL O CaBiE EIFEND O Ca WD 2 #REEMN T3 /e Ca filEHRK Tho7-
EEZHND,

B 6O CaBBIL, /it BN ITIHKEBIC & 5 & i 5 (Liesegang &, 2000, 2007;
Moreira ©, 2009; Taylor &, 2009), ARERIZIBWNTS, OMERITZICEBT BRI~ —T—
DOEDTH L IMIE NTX IREOHRE NG| /i 0 RE#% O 72 Rl £ TOMTE
O CaBEITIHI SN TWDZ EAMER LT, ([T b BT, o 6 FEEE DD 48 HEfH]
%12 T DFA BEO I Ca IRENK R ANFEICE o722 Eovh . DFA 1T id5y
Btz PN IV TIRE 7 B D Ca WL ZRHE L TV D ATREMED I S 47z,

15 PTH X MR EZ ISR S IS RE ML, Mg CalRERNME I 54, |k
FOIMED S PTH 33 Sk, B 6O Ca BhE I X OWGE D6 ORISR 42 L7
17 Ca WIN 21T 5 1,25-(0OH)2D DA AR & N RME 225 D Ca FRINAZ D D K 5
I < (NRC, 2001), fR#HPET /LA m— 2Tk PTH SEEOHENEIL L, HbEh
7= PTH R ZFIRIZ ) ELBEATE RV B 50 CaB BB RICEIT 5 1,25-(OH)2D
BRBET 55 (Goff &, 1991, 2014; Phillippo 5, 1994), AR IZEBWTIEL, MATIC
1 DCAD fEOf kL & 55 LT 7=sd, WD ki O F-24 1% pH IXEHET v v —
T ADN (>7.45; Constable ©,1991) % E[E- CTuNiz, 2004 Ox B O MG PTH B
25 DFA BEICHEAREICE D> T2 b b 63 1iE Ca IREN A EITEK > ool REHE
TNAa—V AL o TEB LU PTH &K L < THE LM 1,25-(0H)2D
ZREPEREER IR > T, b LIXZOM G HEE Sz, £72. Dtk B oE )
5? Ca @JE#W%’J STV DR AREIET Vv — 2 ADFENE Liv7Ze (Bushinsky,
1996), L L. 1,25-(0H)2D G AIEEIE S L < 1FZAR+31272 D AT FLEFRIEF D 10 %Ak
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lifi & 41U (Goff &, 1989). & DCAD EOEE DG SN TWIEHEIZB W TS (Goff &
Horst, 1997; Penner &, 2008), [EF4F LRSS LALEMTHL Z EnMEIN TN D

(Horst &, 1978; Goff &, 2014), ARBRIZINTH, WAL T 0 33 L O 12 REE£ I 1
75 1,25-(0H)2D JBE DR & 2 BN Z R L2 2 &6 S IREED /34 12881 5 1iE Ca i
FEDREERLE X, itk R OBICH TS 1,25-(0H):D ARROEEL Y &, Mfic L b
/NG ERz RO 1,25-(0H)2D S 5D (Horst 5, 1990) 2352588 % &I U7 rIREMEDS
MRS Tz, —J7, DFA BTl R & FERICREMET L v — o 2o/ Mg E R HiE o
1,25-(0H)2D ZEEREBFED L T EIC bbb 5§, itk OIiE Ca e OEE AR
<. IyE PTH EE & RENCK T L7z, Z4ud, DFA BTtk R 8iIc s T PTH X° 1,25-
(OH)2D 73B5- L2 WRIOREEE, T 72 b/MEIZI T 2% @107 Ca WA DFATILIZ LY
RAEZ A, MiF Ca RENYGE LI Z L AR LTV D, S 62, DFA Bzl T
5 IMiE Ca EENERE (>9 mg/dl; NRC, 2001) % THIET 2 DICE LZEEEIAS, BEREK
DEWFIZEB O T HRBEEC Lo 72 2 & b, DFATIL 23NEIC X 2 8 A= 1) 720 sz
17 Ca OFIEEIRI 2 (EEd 5 Z L 2 BT TV D EEBEZBNRD,

Ca EEENZ VT E, /MG TN ATEEZ: Ca EIFHINT % (Goff & Horst, 1997), &
7o, /MET OB ICI T 5 Ca WINITEE ALK 3% (Bronner, 1987) Z &
5, DFA BED 314212817 5 Ca BIREO A E RN, MLiE Ca lREORIEZ S 512
ML L, Z20%OMIE Ca JREDHERHIH G LIz TR & 2,

K Ca MJEIL—#%IC, Fic X VP & D Ca M Ca A RS Z bickvieZ b
L EN% (Goff, 2008), AFRBRICIHWT, DFA BEOFLIZ L D Ca HEHEITR BRI
BIZE Do b b b3, Mg Ca JREORIEICE L-FIX DFA BECEN-7, =
iZ, DFA BECHO MBS EIIC L 0 £< @ Ca Z3LFIcHEH L7249y, DFAIIL IZ X 5/MBicE
% CaBMEESNT-FERTH S EHLZIND,

UL EORER L 0| /it o DFATIL #5513, &2 5 1,25-(0H)2D &K BE -
L7222 B 7 Ca WRIN 2t L, /0 1% Ca 2 2 FLIRIE & 5 ATREPEAS /IR &
iz, &-7T, DFAII (¥ 1,25-(OH)2D & A5756 L (Horst ©,1990) . REEIAYZ: Ca
WL RE I DI T4 5 @EERAFIZB W T H 2L 2K Ca MIED TR L OdcEsh R
NHIfFCE D EEZLND,
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3-1-5. KB LU
Table 2. Ingredients of the pellets and TMR fed to dry and lactating cows

Ingredient, % of Pellet TMR

fresh matter Control DFA' Dry’ Lact®
Corn silage — — 50.0 40.5
Grass silage — — 39.0 35.7
Concentrate mix — — 8.4* 9.6°
Grass hay — — — 2.9
Ear corn silage — — — 3.6
Beet pulp — — — 2.3
Rice bran 24.0 20.0 — 19
Soybean meal — — 2.4 1.8
Rolled barley — — — 14
Ground corn 38.0 30.0 — —
Wheat bran 38.0 30.0 — —
Vitamin mineral mix® — — 0.07 0.04
Vitamin E — — 0.07 —
MgO — — 0.07 0.03
CaCO;, — — — 0.1
DFA 11 — 20.0 — —

1 Supplemented with difructose anhydride III.

2Prepartum period (average from —14 to —1 d relative to calving).

3Postpartum period (average from 1 to 6 d relative to calving).

4Dry Base 17 (nutrient composition on a DM basis: 20.5 % CP, 27.9 % NDF, 0.28 % Ca,
0.70 % P, 0.35 % Mg, 1.25 % K, 0.04 % Na, 0.15 % S, and 0.38 % Cl; Hokuren Kumiai
Shiryo K. K., Hokkaido, Japan).

5Mo-Dairy 18 (nutrient composition on a DM basis: 21.4 % CP, 24.5 % NDF, 1.58 % Ca,
0.60 % P, 0.31 % Mg, 1.28 % K, 0.23 % Na, 0.38 % S, and 0.41 % Cl; Nippon Formula
Feed Manufacturing Co. Ltd., Kanagawa, Japan).

6Contents per gram: 5,000 IU of vitamin A, 1,000 IU of vitamin D, 2 mg of vitamin E, 0.2
mg of vitamin Ks, 0.5 mg of vitamin B1, 1 mg of vitamin Bg, 0.1 mg of vitamin Bs, 1 ng
of vitamin Bi2, 6 mg of nicotonic acid, 2 mg of choline chloride, 10 mg of pantothenic
acid, 156 pg of Mn (MnSO4), 0.7 mg of Zn (ZnCOs), 50 pg of Fe (FeSO4), 139 ng of Cu
(CuS0y), 325 pg of I Ca(I0s)2, 38 ng of Co (CoSO4), 1 mg of methionine, and 0.5 mg of
lysine hydrochloride.

25



Table 3. Chemical composition (% of DM, unless otherwise noted) of pellets, TMR, and
hay that were fed to dry and lactating cows

Pellet Dry* Lactating?
Item Control DFA® TMR Hay TMR Hay
DM, % as fed 88.7 89.5 35.0 86.6 39.9 85.5
CcpP 14.4 115 15.0 14.9 15.4 14.8
NDF 275 19.3 416 60.3 413 62.4
ADF 8.6 6.8 246 36.9 243 373
Nutral detergent insoluble CP 17 14 25 4.0 2.8 55
Acid detergent insoluble CP 0.5 0.4 1.0 14 11 13
ADL 2.2 1.7 35 4.9 35 45
Ether extract 5.7 4.7 4.0 3.1 3.8 29
Ash 44 3.7 7.8 12.0 8.1 115
NE_,* Mcal/kg of DM 1.81 1.84 1.52 1.16 151 1.19
Ca 0.07 0.07 0.40 0.42 0.65 0.45
P 0.92 0.76 0.42 0.40 0.44 0.41
MgO 0.40 0.35 0.24 0.24 0.27 0.24
K 1.02 0.78 2.36 3.40 2.21 3.28
Na 0.02 0.02 0.05 0.05 0.14 0.04
S 0.16 0.13 0.21 0.29 0.23 0.32
Cl 0.10 0.08 0.48 0.80 0.48 0.56
DCAD,® mEg/100g of DM 141 104 36.2 4.7 34.8 50.0

1Prepartum period (average from —14 to —1 d relative to calving).
2Postpartum period (average from 1 to 6 d relative to calving).
3Supplemented with difructose anhydride III.

4Calculated according to NRC (2001).

5Calculated as (Na* + K+¥) — (Cl- + S2-) (Ender et al., 1971).
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Figure 6. Serum calcium (a), phosphate (b), and magnesium (c) during the peripartum
period (=21 to 7 d relative to calving; means = SEM) in the control group (CJ; n = 37) and
the group supplemented with difructose anhydride III (DFA, @; n = 37). * and **
indicate significant differences between the groups at each time point (**P < 0.01; *P <
0.05).
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Table 4. The time required for the recovery of the serum calcium content to 9 mg/dL

during the postpartum period?!

Serum Ca recovery time

(= 9 mg/dl)

Parity Control DFA’

>6 74h  (n=6) 50h (n=5)
5 50h (n=7) 23h  (n=29)
4 40h (n=24) 26h  (n=4)
3 60h (n=9) 19h (n=8)
2 63h (n=11) 28h (n=12)
all 61h (n=37) 28h (n=37)

1 The postpartum serum Ca values for each parity level were fitted to a cubic function
curve to calculate the time for the serum Ca concentration to recover to 9 mg/dL.

2 Supplemented with difructose anhydride III.
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Figure 7. Serum parathyroid hormone (PTH; a) and 1,25-dihydroxyvitamin D (b) during
the peripartum period (-21 to 7 d or —1 d to 72 h relative to calving; means + SEM) in
the control group ((J; n = 37) and the group supplemented with difructose anhydride IIT
(DFA, @; n = 37). * and ** indicate significant differences between the groups at each

time point (**P < 0.01; *P < 0.05).
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Figure 8. Serum cross-linked N-telopeptide of type I collagen (NTX; means + SEM)
during the peripartum period (21 to 7 d relative to calving) in the control group ((J; n
= 37) and the group supplemented with difructose anhydride III (DFA,@; n = 37) (a) and
all cows (@; n = 74) (b). BCE = bone collagen equivalents. Letters a, b, ¢, and d indicate

differences at P < 0.05 at each time point among all cows.
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Table 5. Feed mineral intake, milk yield, and Ca outflow into the milk in the control and
DFA (supplemented with difructose anhydride III) groups during the pre- and

postpartum periods.

Feed mineral intake, g/d Group P-value
(unless otherwise noted) Cows Control DFA SEM Groups Time GxT!
Ca Dry2 46.7 47.8 1.0 0.71 0.12 0.55
Lactating® 130.5 150.9 4.4 0.02 <0.01 0.74
P Dry 55.3 52.3 1.0 0.79 0.14 0.65
Lactating 93.4 114.2 34 <0.01 <0.01 0.48
Mg Dry 30.1 28.7 0.5 0.33 0.06 0.48
Lactating 42.0 51.4 15 <0.01 <0.01 0.23
K Dry 292.7 290.3 6.7 0.90 0.11 0.74
Lactating 325.0 404.8 12.6 <0.01 <0.01 0.30
Na Dry 6.8 6.6 0.3 0.37 0.67 0.64
Lactating 26.7 23.8 1.0 0.65 <0.01 0.17
Serum pH Dry 7.46 7.46 0.00 0.71 0.93 0.41
Milk Yield,* kg/d 27.2 31.6 0.8 <0.01 <0.01 0.38
Ca content,* % 0.16 0.15 0.00 0.22 <0.01 0.70
Ca outflow,’ g/d 41.50 47.40 1.20 0.02 <0.01 0.16

Interaction between the groups and time.
2Prepartum period (average from —14 to —1 d relative to calving).
3Postpartum period (average from 1 to 6 d relative to calving).

4Mean values at —21, —14, and —7 d relative to calving.
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%2
5y iRET O DFAIII #55-12 X 21K Ca IfUE FRIF L Ok EN5ihth D= ¥ —F 2. 5
HSREMIE 72 b NS T HEIEE IS RIE T 5

3-2-1. HIWY

HIETIC BT, R O DFA I #5135 MRIE % O 8 5 & D2 B 73
Ca WX ZAEHE L, MiE Ca IEDEIEEZFRHDHZ & &2RE LT, SifE% O Ca MiE%
FEhi & T DRk A RERFIR DT S BICITBIRRRRUGE O /REME N I S iz, £ 2 TR
#iCIE, R ILA~0 DFATIL 46 512 £ 51K Ca MfiE D Bt L OCkEN /5 itk O
BIRER L= X —F R, IIEHEREE RS L O EEEICRIETREE MG L.

3-2-2. BELE 1A

BRI, 2012 4F 10 A D 2014 4F 8 Al - W B INGBFERFBET 4 —/L REEE
H—|ZBWTEN LT, SRBRAIEITN LS FER T I ERE BT HH8EICANY | LS E
K5 FEERTEB R OAKRO FFEM Lz UKRE; 25-20, 26-9),

1) 2

HEAS S I L OGBRLPE, #a5-80BHIEE 3 =i 1 fi L Ak Tod 5, BT T E 21
RIS ETEL X —ND RT 74— —FKE7 V—A b —/VillbE, oihtt 1 3
FIZSER LNt 2 —ADZ A X b= Z0RITE I —HOT7 Y —X b—/L
aTEL, KEIFXT N7 v s (KNZsaltlicks; Hengelo, 47 > %) 13 HHBIZIER
TELH LIl

2) T—HEB LU T AR

FREHG 58 & R AR S350 14 HAl2 B0 6 B2 E CTHEHGHI Lz, ek o7 uid
H 1 EERE U7z, FRARITa B BRI L, Aoy o T IR f AT o 7, BEH 7 L O3 T H B
KOG LIS 3 i 1 Hi L Ak CTH D,

S B B B IR 2 2 W CAET AR L 0 3k 21, 14, 7. 3. 1 HAETE ., 080 (B
%), 6. 12, 24, 48, T2 WE[E#4, s 4. 5. 7 BRRICHIE Uiz, 5 /3[R ONGHE R e ék
L. 12 dH 7= 0 oIiEa S % g LT,

REHIE R L OV BCS FE L0 T 21 HRlA B orik 15 % & <l 1 BEIE L7,

DMI | :W0k6 5 & & At o 20 bRk . REHAE (KE 0.75 ) TEBRL T,
REHAESH7- 0 © DMI #HH LT,

MEH > 73 21, 14, 7. 3. 1 HATE ., 738 0 (BE#%). 6, 12, 24, 48, T2 I
Mk, ok 4, 5, 7 Bk, TO%IIOME 15 BRM% £ Tl 2 BOMEE CREIR) SEREL
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Too BRIMAE X, MIERMAIZ 10ml 7' L1 VEZERME (VP-P100K; 7 /VEASH, K|
7). IUER M A AR O B 425 M 45 12 200 nl @ EDTA (0.3 M, 1%, 7 k& F /4 U FILER,
pH7.4) ZHEA L bOEMEM Lz, SRE L2 Mgy > 7 v idom o 4yEE L (2,000X g, 10 43
). IfiE7e & NS MHE %2 58T £ T30 CIZTERIFE LT, IfiE Ca, EBENRNGEE (NEFA).
Bt FuxEfg (BHBA) R HBVELF oM EEE (TBA120FR; BUEA T « LT A
FTALR, WiAR) THW L, MIEFa Y270 UBEIL, filkoEEx Y b (VIDAS
Progesterone; ¥ A A > 7 X« B F A Y 2 — A&t B0 2V, ok 2 BRE%ZS 10
% E Tl 2 [BOBHE THMT Lz,

PEFLIZ 1 B 2 BTV, FLEIT oM 156 W% £ T, HENRSOIE A BERR SRS
DWTIESrHE 6 H#% £ T H i U7, Fuakir O i FT-IR FLAk oy I E 24 (Milko-Scan
FT+; Foss Electric, 7> ~—7) THMHT L. 4 WEHMEILE (FCM) LHAFEICET S
ET ¥ —& (NEL) % NRC (2001) OFHHEAZAWTHEL L,

TARAF =T 2 (EB) 1E, NRC (2001) OFHHEAEZ AW THmMICEL L,

ANV F =y s (BAFEWEIE) 3o 2 BE#%225 10 HE% £ CHE 1 BoOMET
49 98 (DFA B 24 BH, xfRERE 25 5H) 2127V, BERNITEDEIEEE (Metricheck;
Sincro, == —Y—7 2 R) [ZX > TERLIZITFED ZIBADSENIT LY 5 B CREMm
L7- [Sheldon & (2006) D43¥A% %; Table 61,

3) wuatALE

T _COMEHENTIZ, JMP 8.0.2 (SAS Institute Japan #ii&Stt, BR) Ik v iT-o72,
Mm% Ca ¥ XU NEFA, BHBA JRE. R#HAEHZY o DML, EB, K4 H IERE, 1K
&, BCS, FL&. FAr OFEM s IAGHIE 8ot ic L viT -7, 7272 L, DMI, EB,
B BRI R D 53 Mm% % 43 1 TG L7, Sl K OLA 1T 1 a0 A E %
T Tz, A L I A BRI 25380 B 72 B B3 A R R T Student @ t UE %
1To7,

MAE7 e = A7 a RENSHEN D T 1.0 ng/ml %48 % 7= H &2 IPRERERIE H

(Stevenson & Britt, 1979), A FU F = v 7 Aa 7N 1 2o athkiBEE T 51EHE

56T & EF L. Student @ t MiE CREM LB 21T - 7=,

5380, 6. 12, 24 KR O MTE Ca IR & 70tk DML, EB, +EE1E% 7%, ok
% EB & JFHEAERERIE B kD BAtR % Pearson OFHBIREZ KL 0 HAHBIMENT 21TV VR ET L 72,

53 W% DIRIFFIERIL 2 LT 212 & 72 0 | itz g Ca JREEDS 5.5 mg/dl AR (2K T
L7=4F 23BN 7.5 mg/dl RiSIZIE T L7224F 24K Ca e (Goff & Horst, 1997) . itz A
RS 12 B LANICHEH S e o T2 4 2 IS [Fourichon o, 20005 7272 L1453
VTGRS 2 38 E Lo (Echternkamp & Gregory, 1999) 7= 04N W4 1
BHBA #2723 1,400 umol/L PA_ B2 E5F- U724 23 1EME 7 I — 3 A (SCK; Carrier ©, 2004) |
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FEAEE N E% 3 BERILANICE T LR 24 % FE WK% (Sheldon ©,2006) & &3
L. TORIERE DA _FfE CHEE L7,
fElRR 5 %A AEAD D . 10 %A 2 EHnH Y & LT,
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3-2-3. fli
1) IMmigRLsy

SR MG Ca JEEITHERIC 2T <. MEZICHEEE IR T L, L, &
6 (P<0.05), 12 (P<0.01), 24 (P<0.01), 48Kl (P<0.01) (23 T DFA &t
RTBEEIC N EICE - 7= (Figure 6a).,

53 WA DI NEFA 36 X O BHBA R OHERIZ £ 8> 72 (Figure 9).

2) A E IHE R
53 BT OO BB B IGHA I IR RN 22137 < B ISR & b IS Le, Ll
il O B B AR ER X DFA BE2S *FFREEIC b~ B N L 7= (P < 0.001; Figure 10),

3) {A&E - BCS
IR OIRER LV BCS OHEBITMAE CHE /R ZIX e~ 7= (Figure 11),

4) DMI
SiEi DMI B L OMCEHAESH =0 DMI IXFEFICEIL R o720, Sihigic BT
DFA BEsPIRERICHE~FEICHEM L7 (P <0.001; Figure 12),

5) ¥L&E. FLEY

4340 (P<0.01), 1 (P<0.10), 6 (P<0.05), 7 (P<0.10), 8#H (P<0.10) ®
FLEIX DFA BECHEIZS )~ 7= (Figure 13), 20t 0 3 B O FLEE FE SR I3 FREE T v i
MAAH BT, FENIFB L O EREAEER, 4 %FCM, FLAEPEIZET 5 NELIE DFA #f
THEILZ) 7= (P<0.05 Table 8),

6) EB
EB T E HITHHmBICKE<SAD EB &72o7-, HBERHIM A28 LT EB 2B/ T
13727 > 7= (Figure 14),

7) PRELEEREMIE L T EEE
YRELBEREIRITE A ks L OV =B 58 T BUTHER TR A b iv/es» 7= (Table 9),

8) PERRIIFFEREIRDL

FLEE L OMK Ca MILE DR IERIT DFA # T BEEIC A, BT 2HAE 23807 (P <
0.10; Table 9), SCK F&IELR|ZFERI CEIL 2~ 7~ (Table 9),
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9) MRS L O E NIER
T NIERFEIERICREM TR o 7208, IR RIERII DFA BECR L7 (P<
0.05; Table 9).
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3-2-4. B

MmigH Ca ORZIZMHADGMAE - IAEEE Z 8 L, R E L CRIARRIEZ & ORIK
SERZ | E# 29 (Horst ©, 2003), THILE ZAERLT 2 VR LB F A 2 e~/ Maik o
FEEENEEL | /MR RICETE STV D Ca TldZe < HIEAME & D Ca ~DIRTFEN K &
VN (Ganong ©,1998), D V| FEMHITEKM LV b MLIE Ca IRER T ORELZITOT
<\ ENLAREZR SERRIEIR &R S e WOIBTENE(K Ca fE C b (L EBIRE I T B2 21T 5
AREMEA EV, 2O Z &1L, Hansen © (2003) OFLF~DO=F Lo U7 I U NUEERET R Y
7 2 (NagEDTA). Martinez & (2014) 7' ) a—1Lx=—5 /L7 2 U NUEREE (EGTA)
OFNRN LG & 2 Mg Ca REOIK T2, HER L OBRAe, KAKMOBL 26726 L
W, Joyce B (1997) DOEZALLF~DIK DCAD £kl (—7mEqg/100 gDM) O# 512X 5
Sy WD MG Ca JEEAK T FRIAS. Mtk DMI oAz & 7-6 LERETHEREA TN
%o ARV TH RIS M Ca DK T X - THHILE OESh &I KX < b
L. Z0Mte DIiE Ca i OEIE 23 i 7ot FREE T o3 % O LA EE) & ds LU DMI 0%
LW ZRER LTz, —F . D oIiE Ca BEORIEN R - 7= DFA BETIE, otk
O LEEEEORIENE L, DMI b £hoT,

53 % > DMI ¥ £ - Tl o EB deERNHIfF S N), AERIGEITRD bl
7273572, Rabelo & (2003) 1%, /i ia GO =R L X —RELZ & D Z & T, ik
#% 21 B O DMI 3 £ = 3L F— BB L7223, SLAER LN LZ-0c,
FELTEBIEISZES NN 2 E2HEL T D, ARBRIZE VT DFA BECTxRRE
IZHARILENE L, gD EB, & 5HIZIFm RV —F R OFREE L 72 51 NEFA £ X
" BHBA 2, SCK RAERICHEM THETRD LT, 9tk O = 3 L F—IRIEDFER K
Z\» (Beam & Butler, 1997, 1999; Butler, 2000) & X312 53tk O INELFERER11E B 4kic
BEIIRO N T,

F 72, DFA BECTIRBSIFIIERIZABIZED L, iR ICI6 1T 2 0072 MLiE Ca i
FEoREIL, FEIEEZ SO ESEJEH 22 L (Muller & Owens, 1974; Oetzel &, 1988) .
TEEEOREICERT S (KIRD,1994) L Sitd, ARBRICE W THRBRICIE Ca
FEDEWE A R o 7= DFA B CIRBIEIHRIEROR BREBARO =N, A M) Fx v 72
X2 TEEHESE T D O 18 NIRRFIERICHEF CEITREO b h o T,

AR TIL, IPHMEREEIE O L LTl 7 vy = A7 v U REAS . TEEROIEE
ELTA NI F =y 2aT 0T, ZNENUTIEBW TR DFEHE, 6 2 1XYPFAERE
BORBELLTA TRy 77 —BERZWEEZH W E oMk &oH#HA

(Kawashima &, 2007), T-EEEOEE L L CHEFEREIC L 5 T ENORKITE O
FEof#E (b, 2012) °, 4 b7 7 E AT FENEOZEEAmE% (PMN%;
Pothmann 5, 2015) 7¢ EOFRE O THEME L WO iuX, DFAIIL #5512 X A8 R0
HRAZETZ ENTEE L, L LARR S, DFA BECHBEEIC T, 51k
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DOHENFEIZHEN LI D LT =RV —FRICENRD benoTo, BEE
WRIERDPA BT LT & W) KBBRORERIT, BUERE IR W TIHEFICARRZ L L
EZbD,

F 7o, ARBRIZEB W To% O MG Ca iR DEIE Y DFA BRI AR TED > 7o HEET
b, i 72 RefE #2121 DFA BEFSELL BICEE LTz, I8 20 b7, ZRUREICE
WS RIREE O SO E AR ZS> DMI 1E, DFA BRI TE LA RVRI A Ee = 2
EMG | SR RN D EP BRI O M3E Ca R ERIEOEND, D% OAFDE
PEVEIZIE IR E R % AT Lt 2 TR R S iv7e (RADF v U —A4— " —2 )
B, AR CIXZDOA D= AL EWHNCTHZ LILTERNST,

PLEDOFERN G srifEith o DFA I #5512 X 2 Ca IREORMEIEIZ L > T, &
Wt S O VAL AE B 35 KON DMI O B 72 B3N SRS S8 E R DA 7R I 2 el LT,
53 W% D DMI O K D =L F —F R OYGERHIRF SN2, FIRFICHLEO A B e
MbBEES NI ToD, 53tk OINEFEREIE 72 & NS FEIEEIC 1T 2 i R s R &
R EIETE o T,
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3-2-5. MBIV

Table 6. Metricheck scoring scheme!

Score Status of vaginal discharge
1 Clear or translucent mucus
2 M ucus containing of white or off-white pus
3 Discharge containing <50% purulent material
4 Discharge containing 250% purulent material
5 4 with stench

1 Modified from Sheldon et al. (2006)
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Figure 9. Serum nonesterified fatty acid (NEFA; a) and p-hydroxybutyric acid (BHBA; b)
during the peripartum period (=3 to 15 w relative to calving; means = SEM) in the control
group ([J; n = 37) and the group supplemented with difructose anhydride III (DFA, @;
n = 37).
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Rumen contraction,
frequency / min

Days relative to calving

Figure 10. The frequency of rumen contractions during the peripartum period (-21 to 7
d relative to calving; means + SEM) in the control group ([J; n = 37) and the group
supplemented with difructose anhydride III (DFA, @; n = 37). *** indicate significant
differences between the groups during the postpartum period (0 h to d 21; P < 0.001).
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Figure 11. Body weight (BW) and body condition scores (BCS) during the peripartum
period (-3 to 15 wk relative to calving; means + SEM) in the control group ((J; n = 37)

and the group supplemented with difructose anhydride III (DFA, @; n = 37).
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Figure 12. Dry matter intake (DMI; a) and DMI per metabolic body weight (b) during the
peripartum period (—21 to 6 d relative to calving; means + SEM) in the control group ((J;
n = 37) and the group supplemented with difructose anhydride III (DFA, @; n = 37). ***

indicate significant differences between the groups during the postpartum period (0 h to

d 21; P<0.001).
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Figure 13. Milk Yield during the postpartum period (0 to 15 w relative to calving; means
+ SEM) in the control group ((J; n = 37) and the group supplemented with difructose
anhydride III (DFA, @; n = 37). ** * and T indicate significant differences between
the groups during the postpartum period (**P < 0.01; *P<0.05; and T P<0.10).
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Table 8. Milk component yields and percentages in the control and DFA (supplemented
with difructose anhydride III) groups during 1 week postpartum period.

Group P-value
Item Control DFA SEM Groups Time GxT!
Milk, kg/d 27.2 31.6 0.8 <0.01 <0.01 0.38
Fat, % 5.25 5.16 0.09 0.02 <0.01 0.39
Fat, kg/d 143 1.67 0.04 0.02 <0.01 0.42
Protein, % 5.10 4.67 0.09 0.03 <0.01 0.44
Protein, kg/d 1.28 143 0.04 0.03 <0.01 0.23
Lactose, % 4.01 4.10 0.03 0.35 <0.01 0.18
4% FCM kg/d 32.1 37.0 0.9 <0.01 <0.01 0.68
NE_,> Mcal/d 24.7 28.2 0.7 0.01 <0.01 0.58

I Interaction between the groups and time.

2 Calculated using a formula from NRC (2001).
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Figure 14. Energy balance (EB) during the peripartum period (=21 to 6 d relative to
calving; means = SEM) in the control group ((J; n = 37) and the group supplemented with
difructose anhydride III (DFA, @; n = 37).
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Table 9. The time required for the recovery of reproductive performances and incidences

of peripartum disease.

Treatment
Item Control DFA! P-value
Date of the recovery of reproductive performance, days postpartum
Resumption of ovarian activityz, days postpartum 322 (n=37) 338 (n=37) 0.666
Uterine involution®, weeks postpartum 56 (n=25) 50 (n=24) 0.413
Incidences of peripartum disease. % (no. of cases / no. of cows)
Milk fever* 243 (19/37) 8.1 (3/37) 0.054
Subclinical hypocalcemia5 62.2 (23/37) 405 (15/37) 0.062
Retained placenta6 41.7 (15/36) 20.6 ( 7/34) 0.042
Subclinical ketosis’ 135 ( 5/37) 243 (19/37) 0.233
Endometritis® 80.0 (20/25) 62.5 (15/24) 0.173

1 Supplemented with difructose anhydride III.

2 Serum progesterone first exceeded 1 ng/ml (Stevenson and Britt, 1979)

3 Metricheck score becomes 1 (clear).

4Serum Ca <5.5 mg/dl (Goff and Horst, 1997).

5Serum Ca <7.5 mg/dl (Goff and Horst, 1997).

6 Failed to release their fetal membranes >12 h postpartum (Fourichon et al., 2000), but
exclude twins (Echternkamp & Gregory, 1999).

7Serum BHBA >1400 pmol/L (Carrier et al., 2004)

8 Metricheck score >1 until 3 weeks postpartum (Sheldon et al., 2006).
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