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RSV REBSEFNOBRES ) B&EBRLA.
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Table 1 Means, standard deviations and number of records for milk, fat, SNF, protein yields,
and fat, SNF, protein contents, and SCS {somatic cell score) by parity

Parity
Trait

1 2 3 4 5 or more
Milk yield (kg) 25.41%6.2 29.4%8.8 30.849.3 31.0£9.4 30.0£9.3
Fat yield (kg) 1.01£0.24 1.17£0.32 1.23+0.36 1.2‘410.37 1.18£0.36
SNF yield (kg) 2.27+0.53 2.60£0.72 2.6910.78 2.69x0.79 2.59%0.78
Protein yield'(kg) 0.84%0.19 0.97x0.24 1.00+0.26 1.00+0.26 0.96%0.26
Fat content {%) 4.03%0.64 4.07X0.67 4.07£0.67° 4.06+0.66 4.01%0.65
SNF content (%) 8.9710.39 8.87+0.41 8.791+0.M 8.74+0.41 8.671+0.41
Protein content (%} 3.341+0.34 3.34£0.37 3.30+0.37 3.28%0.37 3.24%0.36
SCS 2.511.6 2.8+1.7 3.0%1.8 3.1x1.8 3.3x1.9
Records ' 2,122,642 1,576,590 1,013,151 528,642 404,951
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CETREENA0DS IDBBICHNTZIAIFTTH
5. AT7HR 09 0EEOEBEIEL-HSE,
FRENOEREB 9 &L F|IUCH, DRICERLE
ERTERGICHML, BMEOTHE, SEFEELL
U ERL:. 58, s ENULOREI}, 5 ELED
PSR ELTHELL ,

R21C2[3, FAMFICENT, BEBERICTHL THT
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23, SETNOERTEDIASA—vEERLA
NSDETIVCIE, 1RIS 5RDIVY v FNETER
FRCZSBROTTL (L, L2, 13, UWHELULSE,

Lidauer & Mantysaari (1999) & & UF Jakobsen S (2002)
HRLEELFIS, SRSy vy FILSZERIC Wilmink
DI ERENA L S BROETIIL (L1W, L2w, L3w,
LW B LTF LW, E 512 Guo & Swalve (1997) ASRL
RSN S LU R MR AL S hE R 13BEOT
TILHEZTIN TS, Wood B L T Wilmink O EFJL
(&, EPHNEREROIEO/ S A —y TiRlihigs
RRT2NHS. LAHL, ThoDETLHSH
ESNFHRLHRE, E— 2R S UICESTESHE S
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Table 2 Names, abbreviations and expressions for 23 lactation curve models

Name Abbreviation Expression™
Legendre polynomial 1 L1 Yi=aoptaLi(x)
Legendre pelynomial 2 L2 Yimaotali () +ala()
Legendre polynomial 3 L3 Yimaotar () +ar La(x) +aa Ly (3
Legendre polynomial 4 L4 Yi=agtai () taele() +aala(x) +aala ()
Legendre polynomial 5 LS Yz=ao+a|l'-|(x.') +32L2(xr)+53’-3(x1) +a4L4(x,) +asls ()
Iéﬁge\%t‘:giﬁglynomia[ 1 L1w ‘Y;=ao+a|l_;(x:)+aze‘°'°"“’
é’ige&(ﬂmiﬁf[ynomial 2 L2w Yi=aotail(x) +arle(x0) +a,e7%
Legendre polynomial 3 L3W Vimagta i) +an Lo () +asts(a) +aieo
Legendre polynomial 4 Law Vimatar L1 () a2 L2 () s Lo () +au L () +ase =%
;ﬁge&ﬁﬁlg‘?lynomlal 5 LswW Yt=aa+a|f-|(xr) +62L2(x:) +asl'.s(xr) +aai.(x,) +35L5(x,-) +age700

1 £ logu®—1%2
Logarithm-Model EM Y.=ao+a.r+%e‘?(_—°g o ) (o=0.60)
Mixed-Log-Model | MILT Yimaotait THasog ()
1 I@x:(ﬂ—l 2 ' '
Logarithm-Model [ LM1 " Yi=agtat+apsin ;—5 e‘2+ar—’e_T < {o=0.60)
1 loga(D—1 N2

Logarithm-Model |1 LMz Y,=ao+a1r+azr2+%e‘7 . (g=0.55)
Mixed-Log-Model [V MIL4 Vimaotat T+aslog () +assin( L)t {c=65)
Mixed-Log-Model V MIL5 Yimawtait T+aslog ) +assin( L) (c=70)
Ali & Schaeffer AS K=ao+a;(%)+az(’?)z+aa Iog(%)ﬂu Iogz(%) (c=308)
Modified W-1I MW2 Vimavtait+assin(-)r+assin(L)o+ im0 (e=100)
Modified KH- | MK1 Yi=aptai a1 +ast3 +aslog{)
NEWS - NEWS Y.'=an+5|f+azfz+aafa+3d%
NEWS NEW6G Y:=En+a|f++azf+aaf3+a4flog‘:m
Mixed-Log-Model VI MILG ’ Yimastad T+as log(f) +aasin(%)r+aq sin('é—)rz (c=100}
Mixed-Log-Model VI MIL? Yi=as+a: log{®) +a; tanh (loguw ) )i+a, sin (%)izﬁ-a‘ sin (%)tf’ (c=80)

* ! &o, &1, 8z 33, a4, a5, ag—parameters to be estimated in a model, t=days in milking {DIM)}, x,=standardized
DIM at DIM t and £y, Lg, Lj, L4, L5= Legendre polynominals functions.
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Table 3 Number of parameters for 23 lactation curve models by parity

parity
Model -
1 2 3 4 5 or more

L1 231,076 213,699 179,803 125,120 91,245
L2, LiW, LM and MIL1 231,112 213,735 179,839 125,132 91,257
13, L2w, LM1, LM2, MIL4 and MILS 231,148 218,71 179,875 125,144 91,269
L4, L3W, AS, MW2, MKT, NEW5

NEWS MIL6 and MILT 231,184 213,807 179,911 125,156 91,281
LS and L4W 231,220, 213,843 179,947 125,168 91,203
Lsw 231,256 213,879 179,983 125,180 91,305

A, BEREIUMRHARAT—V &R L TRY DL UNAEL .
ERMNAZENI IR, EipEEREE D E DS
SA—ZDHTHL I EHVBRETHEZ Eh S, HRL
folbirv > FIVRIES, TEass LU &%
HAShE /- ETEREETINIRSELEZARWELD
EEZSNDE. £/, Wood DEFNE, FEERTTIN
THEIHBOTT N ERROIRVBTERNI &, &
MEFTI(HAALDICFRZ THEIE, 3REAR
. O Wilmink DEFILE, LIW B LU LW (CfEL T3 2
EREDRBEHI D, AT Wood 3 5 TFWilmink &
EFIENMTEENS AL
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HNENTTETINE L TECUTORRESRETIVER
EL 7
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C T e IEHEICE T EBREDRS ATO L E
BOSH - BEOY V2 SRERTBEHEL LU BY,
3/ FEABRFEOBEWNRERL TVWS, ABEDOHR
(4, 2000 A5 2008 FEZTIHFEIT &L 7S RICHEE
L7 Bwld, 928 - EXAMMRAEGT 2T L I12E
(7% n ROZHOEFEFRELRL T15. 2RAE 1A
PS5 12 AZETO R Z2ZRAICHEENTWE, ERAD
W AEE, WE (18-23 » BHs, 24-28 H s KT8 29-
40 » A5, 2 2E (30-36 » Bis, 37-42 » Bt b L TF43-
52 H AE) BLU3E (42-49 » A, 50-56 » Alb &
U 57-64 # BiEp) (CEAL TR 43 2O ABES(CHEEL,
AELSEHUED IS ATIHRBTHMELEN 5/, Dy
(£, WP B CEATEnRDERTHS. (B, D)
(3, MRA ERAMRARY 72 5 R0E&MIHEE
FTEETHL. £, opld, BETRTEEURTH
5. SHTIZ(E, SAS (2004) & LT BLUPFOO {Misztal &
2002) BVt BB, SAS[CLADINICHEL TR -
#BEEY T2, HEOBETHOBRIZRA (ab-
sorption) L7z,

WELEBIBETIOEEICE, AIC (=—2n(1)+2p) &
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Table 4 Akaike information criterion (AIC) and Bayesian information criterion (BIC) and coefficient of determination
(R?) values of 23 lactation curve models for milk yield

Model Parily t Parity 2 Parily 3 Parity 4 Parity & or more
alels
AIC*  BIC* R? AlC*  BIC* R? AIC*  BIC* R? AlC*  BIC* R? AIC*  BIC* R?
L1 77,643 75,759 0.5650 ' 51,482 49,370 0.6v94 38,518 36,769 0.7083 20,738 20,20% 0.7304 15,986 15,462 0.7267
L2 64,975 63,543 0.5676 50,064 48,394 0.6797 37,658 136,335 0.7086 ., 20,098 19,695 0.7307 15,532 15,140 0.7270
L3 42,848 41,869 0.5721 34,683 33,454 0.6828 24,423 23,526 0.7i24 12,775 12,507 0.7344 9,501 9,239 0.7310
L4 28,355 27,828 0.5751 26,605 25,817 0.6844 17,576 17,105 0.7i44 8,950 8,825 0.7364 6,644 6,513 0.7329
L5 10,085 10,011 0.5787 10,844 10,499 0.6876 6,213 6,167 0.7i78 2,858 2,858 0.73%4 2,065 2,065 0.7360
Liw® 12,361 10,929 0.5782 20,965 19,294 9.6855 14,158 12,835 0.7153 6,856 6,454 0,7374 5,170 4,777 0.7339
L2W 5,888 5,009 0.5795 7,883 6,654 0.6881 4,108 3,211 0.7181 1,948 1,679 0.7398 1,310 1,048 0.7364
L3w 3,834 3,307 0.5799 6,079 5,291 0.6885 3,180 2,709 0.7184 1,452 1,318 0.7401 1,053 922 0.7366
L4W 75 0 0.5807 346 0 0.6896 416 0 0.7193 0 ¢ 0.7408 0 0 0.7373
LW 0 378 0.5807 0 96 0.6897 0 380 0.7193 3 137 0.7408 7 138 0.7373
LM 6,110 4,678 0.5795 4,266 12,595 0.6868 10,054 8,731 0.7164 4,986 4,584 0.7383 3,848 3,45 0.7347
MIL1T 8;233 6,801 0.5790. 9,332 7,661 0.6878 5,919 4,596 0.7178 3,085 2,682 0.7383 2,429 2,036 0.7357
LMi 4,082 3,102 0.5799 8,440 7,211 0.6880 5,808 4,911 0.7176 3,048 2,780 ©.7393 2,400 2,138 0.7357
LmM2 2,663 1,673 0.5802 3,726 2,496 0.6889 2,641 1,644 0.7185 1,507 1,238 0.7400 1,180 918 0.7365
MIL4 6,345 5,365 0.5794  B,051 6,821 0.6BB1 4,926 4,028 0.717¢ 2,564 2,296 C.7395 1,984 1,722 0.7360
MIL5 5,141 4,162 0.5797 6,990 5,761 0.6883 4,191 3,283 0.7181 2,181 1,813 C.7387 1,683 1,421 0.7362
AS 2,465 1,938 0.5802 3,677 2,889 0.6890 2,603 2,131 0.7185 1,436 1,302 0.7401 1,006 965 0.7366
Mw2 7,013 5,486 0.5793 11,205 10,418 0.6875 6,500 6,029 0.7175 3,082 2,958 (.7393 2,185 2,054 0.7359
MK1 3,656 3,129 0.5800 5,865 5,077 0.6885 3,393 2,921 0.7183 1,673 1,532 0.7400 ‘1,250 1,119 0.7365
NEWS 6,231 5,704 0.5795 8,565 7,778 0.6880. ° 4,914 4,442 0.7179 2,366 2,232 0.7396 1,740 1,609 0.7362
NEWES 14,191 13,684 H.5779 15,727 14,940 0._6B66 9,671 9,200 0.7166 4,796 4,662 (7384 3,488 3,358 0.7350
MILé 5,015 4,488 0.5797 6,785 5,998 0.6684 3,948 3,476 0.7182 2,002 1,868 0.7338 1,502 1,371 0.7363
MIL7 13,897 13,370 0.577% 16,786 15,999 0.6864 10,614 10,142 0.7163 5,311 5,177 0.7382 3,894 3,763 0.7347
* 1 AIC and BIC are expressed as a deviation from the best value for each modal.
Ehoth, LAWSBLU LW LU KELETH -1 45 -
£/, LM, NEWS BLUMET LIADETIVE, v v o Parity 1E2.4t028mog
N . : — - —— Parity 2(37 to 42 mo
% 5 ¢ -
Mlxylﬁité:tt?it'(’BICfJfJ\é'u‘ﬁFﬁJ%H"\LTu RE b & ====~== Parity 3(50 to 56 mo)
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TRAMERRL. Ef, L, L2, 18, UWHLIULE & @35
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EHBUREMBN ERT ZEANROSNL. ThES & 30
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L, BTRFUSFEN TV LOLHMES N, 25
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(12 A5k, #DiE24-28 » BES, 2 E37-42 n A, 3E
50"‘56 ﬁgﬁ%, q:ﬁ. ﬁﬁﬂﬁi(ﬁ%ﬁﬁﬁ@ﬁﬁ%fi, % 15 I b 1 1 1 1
KEDTFIHEEER). 4ELLED ZI— T DibhFLihigE 60 120 180 240 300 360
&, SEIN—FELEERCHERERLAHRRLE Days in milk
irofc, EOHELENIRE, 3L B 40 BaETEICEARZ . I .
Figure 1 Lactation curves of milk yield classified by
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MESN—TH 0 BELYRTHZOICHL, 2EUED
FI—FF 40 LR TH B E VI N EELE &

BE=ER 78 (4) : 415-425, 2007

parities and ages at calving for the group of calving
cows on December.
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feE g (Wilmink 1987) A — 2 OS2 E4) (25488
L EEZ oM T, BIgOTRL S, E8ER

FERRERTEYT B2, DU THERIN-T - 5

WA EICNET ANENRDLZLDEEL SN
2ICHERLEBICEI5MAAT—U T EnFiaE
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v RLSTEXOFEIEE, LHEEL TRBENAE
gHEHo N, CHSOEHE, oEFILLYKE
VERNICH Y, ISR RY RE GBREET
DISEAESH SN, Guo & Swalve (1997) AURL 72
13 EOMNIBIEETICENT S, TS (CERR L
ERNRH N TS 3BOETIIE, FE8E0
KRESICETOERENEETZIETHOAMEELL T
Y, BEE—ouhiE, 3l 0%225 B, BTN
ARBISBNMER £ 1T ERSEH SN L2, L3, L4,
BEICAS (LHE T B BE=DBEHMADEEEND, Jamrozik &
(1997), Druet & (2003) & L UF Silvesire & (2006) (C
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Figure 2 Mean residuals between measurements and

estimates from four models for daily milk yields grouped

by each stage of lactation on first parity.
See Table 2. for abbreviation of each model.
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Table 5 The optimum lactation curve models and coefficient of determination (R selected. by parity and trait

Optimum lactation curve model R?
Trait Parity Perity Parity Parity Parity Parity  Parity  Parity  Parity Parity
1 2 3 4 Sor 1.2 3 5 or
more - more
Milk vield (kg) L4w  L4W 4w 4w 4w 0.5807 0.6896 0.7193 0.7408 0.7373
Fat yield {(kg) A L4 L4 MIL4  L4wW  L4W 0.5093 0.6006 0.6357 0.6705 0.6707
SNF yield (kg) L4W  L4W  L4W 4w Law (0.5859 0.6828 0.7110 0.7338 - 0.7320
Protein yield (kg) L3 NEW5s MK1 MK1 MK1  0.5592 0.6380 0.6648 0.6925 0.6941
Fai content (%) L4W 4w L4W - L3W L3W 0.3910 0.4140 0.4288 0.4583 0.4395
SNF content (%) Law  LswW 5w  L5W- LswW 0.4587 0.4576 0.4579 0.4796 0.4458
Protein content (%) LsW  LsW  LsW LsW L5W -  0.5697 0.5838 0.6038 0.623% 0.5987
8CS (Somatic cell score) LM1 tM2 M2 M2 LM 0.2280 0.2848 0.3224 0.3662 0.3585
2.0 B N 10.5 ¥ T T T T T 9
Fat Parity 1
wrermm Bat Parity 3 i
18 | - = - - Fat Parity 5 95 [ N
i Protein Parity 1 [, -.“"..----"--u“
L6 _‘\. s Protein Parity 2 g5 | vamee® 17
. ‘\ ‘ == == Protein Parity 3 —— Fat content p
— —_ 75 | unanns SNF content
£y - ® === Protcin content | ¢ p
S e} £ . mwemmrn= SCS ‘
3 § o5t - 3
b ] !
|®) I+
60 120D 1E-§0 '1k240 300 360 60 120 180 240 300 360
aYys 1n Il Days n mllk

Figure 3 Lactation curves of fat and protein yield for
cows calving on December by parities.
calving age on month are 24 to 28, 37 to 42 and 50 to
56 for first, second and third parity, respectively {not

classified in fourth or later parity).

Ranges for

Figure 4 First parity lactation curves of fat, SNF and
protein content and Somatic cell score (SCS) for cows
calving in December at 24 to 28 mo of age.

Table 8 Coefficient of determination (R?} for fat and protein yield by parity

Trait

Model

Parity 1

Parity 2

Parity 3

Parity 4 Aty s

or more

L4 0.5093 0.6006 0.6359 0.6704 0.6704

Fat yield (kg) L4w 0.5094 0.6007 0.6360 0.6705 0.6707

MIL4 0.5092 0.6004 0.6357 0.6703 0.6704

L3 0.5592 0.6372 0.6639 0.6918 0.6935

Protein vield (ka) MK1 0.5592 0.6380 0.6648 0.6925 0.6941

NEWS5 0.5592 0.6380 0.6647 0.6925 0.6941
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Table 7 Bayesian information criterion (BIC) and coefficient of determination (R?) values of 23 lactation
curve models for first parity

Yield (kg) Trait

Content (%) Tralt

Model SCS
Milk Fat SNF Protein Fat SNF Protein
L1 75,759 2,463 61,973 34,083 131,012 44,060 194,067 25177
L2 63,543 1,829 44,443 5,741 97,983 44,432 194,070 19,768
L3 41,869 906 25,514 0 58,155 . 41,857 173,487 13,548
14 27,828 )] 17,109 347 30,401 28,288 110,684 6,693
L5 10,01 332 6,031 725 9,772 10,938 . 47,546 2,978
Liw 10,929 661 3,121 11,437 6,423 28,498 116,108 1,714
L2w 5,009 668 1,937 3,330 2,412 -14,905 53,511 958
L3w 3,307 988 1,928 426 1,085 3,711 13,566 433
Law 0 95 ] 800 0 0 1,621 769
Lsw . 378 385 441 1,175 409 211 0 1,241
LM 4 678 1,353 832 16,922 - 3,661 20,814 81,202 142
BIC* MIL1 6,801 1,947 1,641 8,988 9,548 18,478 83,014 2,607
LT 3,102 1,392 1,023 2,584 3,373 8,316 23,721 0
Livi2 1,673 1,448 754 4,429 3,034 7,373 20,242 129
MIL4 5,365 51 1,849 1,497 4,570 12,171 43,892 796
MIL5 4,162 310 1,534 806 2,923 9,338 31,362 309
AS 1,938 289 1,035 1,080 2,387 1,782 1,348 434
MWw2 6,486 837 2,162, 2,587 2,745 16,533 . 58,106 1,053
MK1 3,129 1,080 1,800 402 1,624 3,047 7,856 207
NEWS5 5,704 905 3,404 406 3,290 6,008 20,518 653
NEW6 13,664 595 7,614 396 11,556 17,803 64,961 2,628
MIL6 4,488 326 1,927 1,187 3,154 7,954 27,969 683
MIL? 13,370 586 6,660 1,095 10,618 20,347 73,802 2,439
L1 0.5650 0.5084 0.5732 0.5518 0.3516 0.4468 0.5279 0.2184
L2 0.5676 0.5086 0.5768 0.5579 0.3617  0.4489 0.5281 0.2206
L3 0.5721 . 0.5090 0.5807 0.5592 0.3738 0.4477 0.5327 0.2231
L4 0.5751 0.5093 0.5824 0.5592 .  0.3821 0.4513 0.5465 0.2258
L5 0.5787 0.5094 0.5847 0.5593 0.3882 0.4559 0.5589 0.2273
L1w D.5782 0.5089 0.5850 0.5567 0.3887 0.4510 0.5451 0.2272
L2W 0.5795 0.5090 0.5853 0.5585 0.3900 0.4546 0.5584 0.2277
L3W 0.5799 0.5091 0.5854 0.5592 0.3905 0.4576 0.5667 0.2280
Law 0.5807 0.5094 0.5859 0.5593 0.3910 0.4587 0.5693 ¢.2281
LsW 0.5807 0.5095 0.5858 0.5593 0.3910 0.4588 0.5697 0.2281
LM 0.5795 0.5088 0.5854 0.5556 0.3895 0.4530 0.5525 0.2278
A2 MILT 0.5790 0.5086 0.5853 0.5572 0.3878 0.4536 0.5521 0.2269
LM1 0.5799 0.5089 - 0.5855 0.5587 0.3897 0.4563 0.5646 0.2280
LM2 0.5802 00.5089 0.5855 0.5583 0.3898 0.4566 0.5653 0.2280
MIL4 0.5784 (.50982 0.5853 0.5589 0.3894 0.4553 0.5604 0.2277
MIL5 0.5797  0.5091 0.5854 0.5590 0.3899 0.4561 0.5630 0.2279
AS 0.5802 0.5092 (. 5856 0.5591 0.3902 0.4581 0.5692 0.2280 .
MwW?2 0.5793 0.5001 0.5854 0.5588 0.3901 0.4544 0.5576 0.2278
MK1 0.5800 0.5091 0.5854 0.5592 0.3904 0.4578 0.5679 0.2281
NEWS 0.5795 0.5091 0.5851 0.5592 0.3899 0.4571 0.5653  0.2280
NEWG 0.5779 0.5092 0.5843 . 0.5592 0.3875 0.4540 0.5561 0.2272
MILE 0.5797 0.5092 0.5854 0.5591 0.3899 0. 4566 0.5638 0.2279
MIL7 0.5779 0.5092 0.5845 0.5591 0.3878 0.4534 0.5543 0.2273

* : BIC is expressed as a deviation from the best value for each model.
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The objective of this study was to compare the fitness of lactation curve models for milk, fat, SNF and
protein yields, and fat, SNF and proteih contents, and somatic cell score {SCS). Data consisted of 5,645,976
test day records from 1si to 11th lactations obtained from 346,221 cows of Holstein and collected between
2000 and 2004 in Hokkaido Dairy Catile Milk Recording and Testing Association. Lactation curves with the
optimum fitness for each trait were selected from 23 models as follows ; Legendre polynomials of order 1 to
5 (5 models ; L1, L2, L3, L4 and L5), Legendre polynomials of order 1 to 5 combined with Wilmink's ex-
panential function (5 models ; L1W, L2W, L3W, L4W and L5W) and polynorhials of order 3 to 5 combined with
logarithm and/or periodic functions (13 models). Laciation curve models were compared by using an Akaike
information criterion (AIC), a Bayesian information criterion (BIC), a coefficient of determination (R?) and mean
residual. In those four criterions, BIC was mainly used, because BIC accounted for not only number of
parameters but also number of cbservations. The optimum lactation curve models for milk, fat and SNF
yields, and fat, protein and SNF contents were selected out any one of L4, L3W, L4W and L5W. On the other

~ hand, the optimum lactation curves for protein yield and SCS were polynomial models with logarithm and/or
periodic functions. The use of lactation curve models selected in this study would be profitable as a standard
lactation curve used for feeding management.
Nifon Chikusan Gakkaihio 78 (4), 415-425, 2007
Key words : Holsteins, lactation curve, Legendre polynomial, logarithm, Wilmink’s exponential.
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