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SUMMARY

This study was performed for the purpose of finding the parameters of lactating curve, and to
determine the effects of mother family line, calving number and birth season on them. First, lactating
data on 66 Holstein cows’ raised in the Animal Husbandry Experiment Station, the University of
Tokyo, were applied to Wood’s mathematical model.

Wood’s formula is as follows:
Y=a-tt:exp(—c-t)
Y : milk energy yield t : time after calving
a . parameter to determine milk yield level
b, ¢ . parameter to decide a shape of lactating curve
In addition, for other parameters, the days after calving at peak milk energy yield (tp; day), per
metabolic body size (MBS; body weight®”), milk energy yield at starting lactation (PO; MJ/MBS-
day), peak milk energy yield (Ptp; MJ/MBS-day), and average milk energy yield among lactating
10th momth (P; MJ/MBS-day), were calculated by transforming the above formula. These lactating
parameters were compared among three mother family lines (Royalwalker, Empress and Wilhelmina
line), each calving number and birth season, respectively. The results were as follows.
1. There was a small difference of lactating parameter values among mother family lines, provided
that parameter ‘a’ of Royalwalker line and parameter ‘Ptp’, ‘P’ of Empress line were higher than
those of other lines.
2. The effect of calving number on the parameter was strong, particularly in relation to the level
of milk energy yield.
3. The decrease of milk energy after peak yield was influenced by past heat stress.
4. Quantitative levels of milk energy were effected mutually by calving number and birth season.
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DINT A— I BRRR, ER, SHBEEHICE AHBELIRET A L2 HME L, RHRAEREK
BCHEINT RV S A EIA6CEEDREIWILT — 5 2 Wood D FLHMRE T V2K TIH T2,
Wood’s model
Y=a-tt-exp(—c-t)
Y WA LX—8 t iR R
a WLV ERDBHNT A—F,
b, ¢ EICHBRDOEERDE/XTA—F

WIHTEANLX—Z ERD, 5 2 — Z PR EER L €, WILRERS % B | tp(day), WILEME
Wiz L¥—8 PO (MJ/MBS-day), &MWLz xLX¥—&  Ptp (MJ/MBS-day), WIHA107%
ADFEHWI ALY —& : P (MJ/MBS-day) 28H L2, ZNLDWI T 2 —F123F L THFRE
B UBEKE, ST L,

HRBIUTOE) Thotee QW T 2 —F DBFEREZINE W, 2721, /37 2—F aji Wilh
elmina ZAOMR L D BWEERL2DIcx L, 27 £ — % Ptp, P Tix Empress Ra5& MR 2R~ L 72,
QOWI T A — 2 I3 T BEROFEBIIE L, BICWILV NS HEERITT, QOWILIZANX—DK
EHEERLBENETIIZ2EZ L AOBEAR 2T 2 MieErd 5, OQWILZANLX—DL~ULIZIZ
BER & RO EAERIC L 5 BN HFLET 5,

PEnz ek, MAFEOZANLF—NXNEBLERETT 5 & 5, ATINX—EERNEKR, THE
filc L 2ERBERTELW I ETRRENT,

&

HENDWHIANF —EERORHNLEE 2ILET 22 L3 ZOREERELF 2 T LTEELR
BEU 2, 2BEINTV LIV OPDOREND TR NX I E TNV IREE Lo HER L 2 WA DR
B b Bk, AT TOZANLF—HEET S AT AETA, WIT ALY —RORRWEELZET
BIRK T A — FEELEE LT 5, /K13 Bruce 5 & 704 FIA L TRERME TIEERDRY
BIEERLT, FRABRRWIAIANX —OREERIRE - X - SHRBHICL > TREZI D
(ODPBETIEINTD, LaL, HELVBERFRIC L HEBHKRENERTH LI LEZHMELT
BY, WH/ T A— I OBIBHERLRTEEZNINTIRENHELER T 2LELNH S, DL
L S, WIEOFEEHERD b AE F TOL RN —BBE BRI T 21013, WI 7 4 — Sl
Riz¥ LERTFORELHECL TErhld L b i,

72 TAMR T RN Y 4 BIEOWILEROREN T A —FEERL, Ihb 3T A—FfEC
RITTRRR, Bk, SHREEHORBLRET 5, WILBOREMRIZIIFER Wood o T BIfET LY
PREENTED, 2RBEIWAZANEF—ICBWTLZDETAHHMATE S L 2R LY, AHFET
AR IENES ATV LABEE 2OBOIED HLWILT AL —BEH M, £0fE% Wood NILA
B0 B Cldsdrz, £ L CWILEHG 5 £ — s L O F DT 2 — 5 & L TUILBRER OILT R v
X—8, WIARSHROSGKERE ZOBOILIANX—&, WML AMOFHWILL AL —BE
HHL, BERM, EXH, SREHHThEL .
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PR 1, BEECEM B T19694E ~ 19864 F TICE T No R L 2 8 4 IS b RIR66IHNKE
BEUWAE, JUISROEEY V2, SMEKE L WIS, KEiZ 1y AR, ILEEH, FUEER
A 1E, 81 ZICHIES LTV 2, FIH & L3l 05K Royalwalker & (R% ; 258), Empress
% (E® : 1888), Whilhelmina % (W% ; 1158), Panzy & (P& 73H), Sannyside % (S : 58)
N5 R TH - 720 BN RIS N2 AT 13461 T, 2095 bEXOBFR, EX, SHFHEICHE
ENWIEIZELITRLZEBY TH 5,
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FRARHRTIIHERT 2307097 x—% (PO, Ptp, P, £TzANX—8%RT) #RBMKEY -
D TERLTWS, ABMKREIIWEEREL0.T5ETI2HFICLVEHL, AHFxoRdTiz MBS nitsck
LTwa3,

QibILT—9 NEH

WP ORIz A X — kR (M]) FIRELIAR» LRRICLVEHTE 3,

Y=M(0.44+0.15-F)-3.138 (1) :
22T YRz Aaux—4fEE M), FRUEIALIEER (%), MzFooie (k) T, =
DRI 4 BHWIEFLE (4% FCM) 1kg#3.138MJ (=0.75Mcal) ¥ LT3, ZORP S, EBEYOW
AKX -2 ENFNHEBLAHT A2 2128, 1HOWMILT ALY 4R M]/day) & L7z, %
72, WEHHBROBII G, L RCRICRER 2RI TEL2 RIS, AT EDERZ L TEH D L WY
DR RS LW LB\, ZZT, Stk 1 ERMURNOWILE & % DRI W HIZ AT WIIEE (1)
RICHB TR, WIHMHADOWIL T A NLX—2BEBICEHL 72,

QBF— 9 DiBILEBRETILANDYTIIDH
Wood iz WFLE#MR 2 7R T HE RIS L TRR 2R L 72,

Y.=-—a-tt-exp(—c-t) (2)
t 3010 H AR, Yo 3 t REOWILE, a, b, Ci3 T A—FETH B, QRUITEILT 2 L kR
DRFENERTFTRE % 5,

In Ye=In a+b:Int—c-t (3)

ZZTHIRIC & ) KO- WHAMEFNEZADE - MILTANX—HEENDT — 3 L FOBOS % B
ERANERECLNQRICL TEDHL, TLEBOWI ST 4 — 7 DRFME L 2 ORRR, KR, HHES
Bz & 2 ZROBHNICIE, BRBRADLTIZE N1 %ki#E (SESH) CEELRDAZAWE (F
D)o ZNIRWHETMICETRO LN T — I WM EZ R LA 1ETH - 722 & & WO T —
FEBDMICHB L2 L2 EE L, BNBROKEL LT 572010475 72,

Q)bIL/NT A= DEH & ¥ DER%

LRERDETNADLTEIDIZLNBLNE T2 —Fa, b, CIZROEREZFE D, a lZWILZALE—
HIRDO BRIV ~)VEFRE L CH 0, HROTITIIHEL v, ZOMEHIKREVIZERBILV~VZ RT3,
b 3B DWILL AN X —DRAEL N d L BB B ORE L~V E THO FRORELFLS L TB Y,
ZOHMRBRERNDWHLANE —BICHES T2, bOEAKEWVIICEERE CO LR LV, ci3
WIIZANX —DIRERLUBEDBLDEELZFEH L THEY), ZOEIKEVIIERSOEFIAE W,

XD 2T XA =5 L LT, WIHBFBRORBEEL 2 ) DIl 2 L¥— (PO : MJ/MBS-day) i
AN tiz 1 #RAL, 0% WILFBRICRLEVERICHE 2 N2 REnRBHAE (MBSO) Tk
2z rizkniEe,

PO=a-exp(—c) /MBSO (4)
72, AU, WIZANLX—BREHFOFHREEE (tp : day) &/v5 2 —% b, cHIckROBEISH
5ZrERLTWE,
tp=b/c (5)
INDZEh b, HEEORBERELL ) OWILz A LX—& (Ptp: MJ/MBS-day) 12, @®X%ZH LT
tp TEL, TNEZEZDVLIFARVEICRIE I N2AR#KE (MBStp) TR 22 EICENBLAS,
Ptp=a-tp®-exp(—c-tp) /MBStp (6)
I WII 1 ~1042 RO AEDOEREHER OGS B2 RA, 2N HEBRORIMEE CR L
OLDDORFEEEZHEN L, ZOEZWIME PR - REKEL ) OFHWILZ A LX— (P MJ/
MBS-day) & L7z,
P=3(Y./MBSt) /10
(t KRB RER D515 H ) (7
(5)fRHT
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Table 1. Adoptability of lactating curve

Actual lact. Adopted lact. Adoptability R?
(number) (number) (%)

TOTAL ’ 177 134 75.7 0.858
Family ~ Rovalwal 65 49 75.4 0.850
line Empress 47 37 78.7 0.863
Wilhelmina 36 26 72.2 0.854
Panzy 16 14 87.5 0.872
Sannyside 13 8 61.5 0.874
Calving 1st 57 41 71.9 0.848
number 2 nd 41 31 75.6 0.856
3-4 th 50 37 74.0 0.858
5th more 29 25 86.2 0.878
Calving Mar.-May 34 31 91.2 0.871
month June-Aug. 47 3 72.3 0.854
Sep.-Nov. 49 33 67.3 0.846
Dec.-Feb. 47 36 76.6 0.857

Adoptability = Lactation number adopted analysis / actual laction number. R? are calcu-
lated to adopted lactating curves.

FREVHEEINSK/ T A—F (a, b, c, tp, PO, Ptp, P) 2 BFR, EX, SHEHHTH
B 72, RERREIO B 12 WILFI% D %\ Royalwalker & (R%& ; n=49), Empress (E5;, n=
37), Wilhelmina % (W% ; n =26) N 3RKRICHNL T—TEREFEIMN 2> TiTbh iz, EXR, T8
SEHEORBTIX, TI/5F72—F%, 1EK, 2EXK, 3 - 4R S5ERULCHOE £hzed3bic
Fom (3~58), B4k (6 ~8A8), otk (9~11H), &4k (12~ 2 A) cHEIIMHF, BIERL
Db TLREBSEIN AT 720 ZHUZEKRESBRBEHIFREICERL T WL ORR L HET 2
2D THb AL, BNBLOT—IHICIZIETSDEHH L0, FHVIC L 2 RAMEMIEZIT- 72, 72
PEKEE, SiEEOMEa OB 3R/ EED: (Isd-method) % A7z,

BRRUBE

AR TRWIMBFOR 1 ENT— 22 b BB L WAL AL X —& %, MBHLL 72 Wood » T
BB BN ERE TS Cido, BEL D3I 9 » AR 4 BRMEOWILET— 2 % Wood 0
EFIUC L Tided, 48R X MERREA305BILES & UREILBORINICIZRLE LR, /<
5 2 — & DBIBFBEICIT—ENMERMERE LW L 2HEL TV 5, RRAFHBHE TI3IUEEL A
1ELPREIN TN, MERBEEET LI L3 TELrok, ZODL) XWITANX—R
DEHE LA OFHEL LT Wood i3 WILE L IIRRL N2 ICHFNET ML TIIDH, £ZhHWI
IANK—DT A —F R HET D HEE L > T 5,

Wood o T' Bz FLERGIC —BICFIHIN T 3BT, FLAMEN L ) i VEEKD 1 HILMD
F— SRH S HETY, BHSNHRLFSE.86ERLA (K1), HOWHAET L E L THL™
BIEBIE T L%, BN Wood DBISIC EAMNIT 2B I k> THTUIH T 5D, K LIZERCHTIEH
WL E F 0S5 LBIFCHE I N2 L 00K L Z0EE (RIEE) BLUFIRAINLEROFSER
otk BFER, ER, FHREHEICRL 2. £KE L TORREEIITE% L4 LK, BFRETHRET
3 SRiFHL NEN (61%) M 4 RIEIZTRTI0% % B2 Tz, BRTRERVEDICON TR
RES b LR 2B %R L 72 SR TIREMRORREE L < (91.2%), Bhorigd D LK (67.
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Table 2. Average values of lactating parameter for family line and all data

Total Family line

R E W P S
c 0.00499 0.00489 0.00542 0.00476 0.00516 0.00405
b* 0.202 0.201 0.231 0.193 0.172 0.151
a 48.2 46.3 44 .4 50.6 54.9 57.5
tp(DAY) 41.8 42.8 44 .4 42.0 33.5 37.6
PO(M]J/MBS) 0.405 0.392 0.383 0.406 0.469 0.477
Ptp(MJ/MBS) 0.677 0.663 0.695 0.654 0.710 0.697
P(MJ/MBS) 0.488 0.471 0.503 0.486 0.490 0.527

R: Royalwalker, E: Empress, W: Wilhelmina, P: Panzy, S: Sunnyside line. * Shows 25% level
significance among three family lines(R, E and W line).

Table 3. Average values of lactating parameter for calving number and calving

seaon
(1)Calving number

Calving number

Ist 2nd 3,4th 5th more P
o 0.00485 0.00473 0.00517 0.00527 N.S.
b 0.212 a 0.178 0.211 b 0.202 b N.S.
a 37.2 51.2 53.0 55.7 P<0.01
tp(DAY) 45.1 a 39.0 41.9 39.7 N.S.
PO(MJ/MBS) 0.350 a 0.431 a 0.426 b 0.435 P <0.01
Ptp(MJ/MBS) 0.614 a 0.659 abe 0.734 c 0.722 P <0.01
P(MJ/MBS) 0.448 0.477 0.527 0.516 P <0.01
(2)Calving month
Calving month
Mar.-May  June-Aug. Sep.-Nov. Dec.-Feb. P
c 0.00514 0.00556 0.00458 0.00468 P<0.10
b 0.182 0.221 0.203 0.199 N.S.
a 49.9 46.1 47.8 49.0 N.S.
tp(DAY) 35.8 40.9 45.0 44.9 N.S.
PO(M]J/MBS) 0.439 0.384 0.388 0.412 N.S.
Ptp(MJ/MBS) 0.684 0.672 0.657 0.695 N.S.
P(MJ/MBS) 0.473 0.476 0.489 0.511 N.S.

a,b and c shows the significance among calving number or calving month by lsd-
method. Parameters a, P, PO, Ptp show the cross efficiency between calving number
and calving month with P<0.10.
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10 ———T— T T 1%). 1L DRREEOECORRIZ OV TIdH
:?Eﬁﬁ% Family line ~_| DTV, BERIMEAIT EB TS &
- e 1 BIcEBA L RAERRT R R > 2 )
50H o R-line im%m% 4 L maord Likwn, 222 LERRE iz g
: E-ine Toe ] OHEGEREMERL TS 9 ~1IAHHETY
- 84% % B2 TH Y, ZFOMMBIIBFRME, EXM,
L1 11T AnEsmMoBmc HaRRTE e,
S 0 T WL <T A — 5 OBTHIE L RFEREOFHEEL
_3., f AEl\“ﬂ:z Calving number _| F2i2, F0T A= fEERHCZWILZANLX—
= **wifzﬁyﬂ 1 ##oriar—r3rER1 EBRIERLZ
S ol . X\XO\\O\ 1 Wood®iEb, ¢, tpnfEE L TENZ10.1047, 0.
3 o e 7 00349, 30.03% KL TH ), ZHRFHEOMHE.
g oA \\ﬁ 20162, 0.00499, 41.78 LA LR %> T3, TN
s b0 0 0] ERe Wood dred -y HlARRRE & R
w0 Lo TWAIEDIZEL DY, AFERTHWZIHL
T T T 1T DEEERRABRBICL VEL 2O I3E» L%
ﬁﬁ@SE%Q; Calving seasen = \x, BT A b W2 WILII0 7 AOREEES 12
z o 1 nowsziax—ig (MI/MBS-day) 0.4913,
5 H X Mar.-May. e~ ] Brody'®?0.45, Taylor'®m(. 470 &KV E%E R
O June-Aug. =0 \A-D\Qc N
& Sep.-Nov. X L7z,
_DTwﬁ. | 1 | 1 ] 52— DBEZEE (R, E, WR) olk&T
0

i3, 5 A—% alFWRT, »¥7 A—% ¢, Ptp, P,
FEZ TR L DA LEWEZRL 2ete %
FZRIITFEI D72, bIZERY25%KETHR &
DEWEERL, 27 2x—F tp & PO LT
BT EAEEERE S olz, ZHOZ LR, EXRR
WELEARED S D ER L B — 2 8h b DS DFREDS
KEWEIPFOELRL TS, 1 HE)OW
HBTAHDLLEWRIMREL ) ENMEEZRL TV EDITN LASMAE Y72 ) TH 2 & ERNEHD LEWE
PRLTV5, ZHRWROWIBOKEI MR L) KEVWHBI o EFEI LN 5, LIaigE L 72
B BT OB IIWRO500 HI LN REREMMRHEL Y KEVZ LE2RL T2, L2ALINE)
HRRREND €T 2 —F NDERIBPE , WG RIZTTREROBBIUTICRNSEX, FHFH
WCEBHEEBINLIDPLNAEINVESZ S, '
@Ktﬁ%éﬁ%ﬂ?&Ltzﬁmﬁﬁﬁﬁ@%%%i3u,it%kt%ﬁé%ﬁmﬂix—yﬁ%
w2 Bl AL X —HigE 2N FnX 1 o s TRICRL 7,

EK%T&&T&&(iﬂm,m%mv&w%%ﬁtfwéN7X—&au&&m%@%ﬁ(%ﬁé
(P<0.01), =fflE 1 FEKRT37.2, HEEKRT50.0~55.00@HIcH72Y, 1ERDEDNES A, KE <
M| TnDEnib, RECBWTY, 1HEKRE 3R LN Isd 3P <0.01, 1ERE 2R Isd i3
P<0.10CHEE 4R LI, 2 AL EOMICIZFEZIIRE N - 2. BHEV IR IERDILE LV
SOUIRMIEER D25 2 FERDIBENZZ ZUTERE L R EBRTV B, 7T A —F DI FEET 2
Bk (0.1777) HohEER (0.2020~0.2116) & D{&VEZ, 97 A—F cidl, 2ERHBERULEL DN
R ERRTH, Eb b LHEERIIRE N » 2, AIEOEMZRTREL LT, Wood® 3¢5 #—
2b, CHERNELIZEREL HDIEETRLTWS, 1 EROWIRERES L HE tp 3MEX LY
3~ 6 HEC 7 2 % BT ABREERIIREN TV, »¥F x—2 PO(MJ/MBS - day) 3EXRND
By m 25 (P<0.01) 25, Zid, 1EROENE (F#0.35) edhhlswid, 2 EEKR

100 200
Post-calving days

300

Figure 1. Lactating curve of milk energy of family
line, calving number and calving season.
R: Royalwalker E: Empress W: Wilhel-
mina
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PETIZ0.42~0. 40BHICH ) KE L EIZA LN\, 795 2 — % Ptp, PLEEROEE 43 ¢ 21T (&
2P <0.01), BERIELICONTEL %55, 3ERUETIHITEALEDLL T\, 8k - A IAE
XL TERPKRELHELRTIE2HEL T b, AR CHENL 2B EAT S 54 —F a,
PO, Ptp, PO I XRTHIAMICHBLERDEELE ST, ZOBBIINEL OBE L KT 2,

D s, FERDWIHLIANE—DBEBICONTRDZ P HWEIND, 1FERTCIRMILL A
WX —DRERIC % DRI MER L DV P LEN, BERUBOIEIR IERULOZNL ) BP0
Y EMBANDH L, Lo L WIHMHESKZE L TWIHL SAMMEN 2 OMER & D WILT 2L X — i34
T %bd, 2ERTIIWHABMBRHOWILIANY—BIZIERULLEEDLL WY, BERICETLE T
DEADEENIMEKRL VESHL T, ZORERIFIERULL VD% 0s, $BEBEUBROWILT
ANX—RIBIERULL VBODPIET T 2L H 5, F0SE 2 EXRDWISKNILEIL 1 X
N ELC, SERUEINA % H 3, SERULECIIEERLBICMHER L D ALET T4, W
Fth, WERWILT ALY —B2 SO WIMLEDOBHL ~NUAE 128, MERL D WAL AL —
HITKE N,

FRFEH OB TIZ(F3Q2), %7 4= c UNDHEFIERIIREN L > T2, BT A—F 3K
DL HMEERTT, /37 A% al3F - KEGME (49.9, 49.0) »°F - KEIOHE (46.1, 47.8) L1
BWEEZRT, 27 2 — 2 bi3EYSHESE (0.18) »HEEH N2 (0.20~9.22) £ 04 LIENES R,
INT A—F— CIIEHSBRA (0.0056) o —FE <, K\ THESHA (0.0051), K- L4 (0.0046,
0.0047) DNEE %Y, ZEHIHETI0%KENRNEFEM T L 72, WIEEEOSHE B (tp) 1213, B
F4 (35.8) AL CEL, RTEHMES (40.9), BK-LHSME (45.0, 44.9) OMEICET 2,
2¥7 #—2% PO(MJ/MBS-day) (3% - K54 (0.44, 0.41) 7°F - @54 (0.38, 0.39) L b
HMWEZIRYT, 25 £ —2 Ptp(MJ/MBS/-day) % (0.66), & (0.67), & (0.68), & (0.69) M4
WEFEINEIC, ~v7 £ —2 P(M]J/MBS-day) 3% (0.47), & (0.48), # (0.49), & (0.51) D5ihZs
JEICEEZ R,

L%mN?X~7PO@ﬁ#6,Eﬂ%ﬂ%ﬁ¢ﬁ%ﬂ%%ﬁmwﬂl$W¥—%ﬁﬁw:t,N?/—
b, tp DED L FIGHA IO FMEREH N & 1) L REWILE T TO LBBEALIERD T, B0k
DRI RENZ EHRD, ZHUZE - ISR IR WILATIIC, BRI AR b R R AL A
LIS, BRA MV RAERITBRHICEI - WM H 5, B, BRE, ISR, GEECE |~
FTTRE0IMBERL T, FLFELVIWILT ALY —DBIRB T 2 L ¥ —I2 T 2 858
BRICETY 528 2BWLIC L, WIREHRUBOMSOBRE 2 RT3 £ —4 ¢ OflEis, B
FTROKRES RTHRMGRE TH D2 L3, BEHEICH L 7243 WILESRELIMED WILL 3 )L X —
DETHHL I L ERL TV 5, 2R WILBLES & WILREH £ TORICSITF 72 B82 } L 255909,
HERUEC OB L 5222000 L0k v, SE WIS BB P L 22T -4 dEL nE
HilC 7z > TAERHPEEL CLARBELSL LW L 2RB L7, 2 8HYBHO BT, WILHLD L 0
DPROBEAZ ML Z22ZTR0T W & 2RTIFRBIZBMNL T 5,

L) BLDD BEKRESHFL O 2 TEBEBBRIOREE, 74— a, PO, Ptp, PizxtL <
BERESBFHGROLRENERIHET LI L 2R L2, SHLD8T 24— 234 TWILL ~LIcBE LT
5, Wood”iZ WILHIBMOT 2 B> 537 X — 5 b, clzxtd 5 DWEH & RO TEMRIR 225, 3,
B, JURIICN L CZORZERAPEET 52 L 2R L7, SRR L ILBICHT 28K & FHEEO
REAERRERTE LW ERNTW D, 2 EH AR, B RO YL T 813K & WEIBIE S 2
EBNTNBH, ZN5DHMEIZAHERDOBHRER & —FT 2,

ERRDWIBTOFERD LWIZ AN X —DBEERIC DV TRDZ EHHEI N2, WILLT I L —
@%%V&wtiw%ﬁfémuﬁﬁﬁ%n,%m@ﬁuﬁktmiﬁﬁmkLfémv&wt%@%5
iéomﬂﬁﬁmﬁuﬂtfﬁk,%ﬁéﬁ,&w%mﬁﬁﬁm@%ié%§ﬁ¢§Wﬁ,wﬂ%%%u
DA DRREZ T 30 EH BT 5,
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