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SUMMARY

To study the energy metabolism during lactation for dairy cows, the relationships between heart rate,
milk energy and heat production were analyzed. The values of heart rate (HR) and heat production (HP) of 4
Holstein cows were measured simultaneously using mask method and telemetry system of HR. The
regression models and its validity between HR and HP were investigated. The variation during lactation in
consecutive 24 hours HR and milk energy (Y:mj/mbs/day) was measured, the changes in daily heat
production (DHP: mj/mbs/min) were estimated by using this HR and the regression models above. Based on
the above, the relationships between the daily mean values of HR (DHR) , milk energy (¥) and daily heat
production (DHP) were analyzed. The results were as follows. 1. A close regression relationship between
HR and HP was shown in each experiment cow (r=0.8303-0.9733, P<0.01). 2. Both of DHR and DHP had
their peaks within post-calving 100 days, and were decreasing with lactation series as same as milk energy
(Y). 3. A positive correlation between DHR and Y was shown (total: r=0.7215, P<0.01), and the average
change of Y with DHR 1 beat was 0.0108 mj/mbs/day. 4. A close positive correlation between Y and DHP
was shown (total: r=0.8495, p<0.01). 5. Using the regression models between Y and DHP, metabolizable
energy requirement for maintenance was calculated to be 0.4237 or 0.4901 mj/mbs/day. 6. Using the same
models above, the utilization efficiency of metabolizable energy for lactation was calculated to be 53.76 or
57.00%. These results showed that the changes in energy balance of lactating cows strongly connected with
their heart rate. It is highly probable that the changes in heart rate of cows vary their bloodflow volumes and
that the result influences the intensity of lactational metabolism.
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DOEYFERFR (1=0.8303-0.9733, P<0.01) RNz, 2. BEHLHAERE, HEFBERISHELI008 L
RICE—27 2L, WALZANVF— LRBRICRIAISED ICON TR L, 3. BFEELHEEE LW
ATFINF—DORICIEDHENH Y (£4r=0.7215, P<0.01), HFHLHHERE 1485750 OWILL RV F—
HINE120.0108 mj/mbs/day % 7R L7ze 4. WIZAFNVF— L HERERIZIECEOHBELZRLA (&F
r=0.8495, P<0.01)s 5. WATANT— L BABERBOMEE TN DO WMAFOMERFAH T Fv ¥
ERE L L T0.4237mj/mbs/day b L < 130.4901mj/mbs/dayHSHEE Sz 6. WD DORFH AN F—
DFIAZHE (k) & LT53.76%b L {1I57.00% 0% Sh7ze TNODFERIX, WILFDOT AN F—IX
DWW P OEE A LHEE L BCEELTWAZ L 2RLTEY, LHEEOEEF MR ICHEL,
FORERUWINRBIHEL GBI EDRBEENT,
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TVLEWEAHRBRZECRAICOA )2 OoRREHET S 2 ER#EETHL &, 2L TREARET
HEENAZANVF-PAEPLT LIEROFARERT COMERB LAV LPHITONS,

—%, B0 HEE (beats/min) P HORFEABRTHEET A HEPURPLLIIARLW T DHAASNT
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720 OMFKEOEEDS, MPEENBELRELTVEEWVIEZICLE DTHS, b LUAEI D
JFRICHE) o, LAEEOERIEIC L ) BEFAEERET CORAZAINTF-—RFOMRALBLIL
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VB ENTWS, LALedDS, BIORLABHD? SAFOWIMHF ORI AN F—, BBER,
DHEEDOBORBERICOVWTIRIZE ALBHIN TV,
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FIRIFEZER L7,
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Table 1. The outline of experiment date

Calving Post-calving days on each experiment
number Daily heart rate and milk yields HR-HP correlation
no.1 1 15 17 56 57 108 109 149 150 184 185 226 227 26 65 175
no.2 1 38 39 133134 173 175 202 203 210
no.3 4 23 24 74 75 167 168 205 206 209 225
" no4 5 17 19 52 64 80 82 138 145 180 222 249 250 251 26 65 258

HR: heart rate, HP: heat production

F0HBORER K TEERFOWABRBL 20V Y IV LABREZHEL, XXt HTHER
BB OWIL T A2 V¥~ (Y: mj/mbs/day) %H#EE L7,

Y=M- (0.4+0.15-F) -3.138/W" (1)
I TMIZAE (kg/day), FIIFLEEE (%), WIIHBE (kg 27T, CORXPLEIEINAEIEIAEL
RIS 4 RWEILEXERL, 20OV F—Mi%3.138MI/kg THREL DD TH S, F-ARGH P
TRYTZANVF—BREGHOBEELHWET S 720 RBAEE (mbs: WB) H72) TRLTWA,

3. DIBEE EBREEMOBRXOIER

WHHB PO F0EFEEE  (HP: mj/mbs/min) % .0HEE  (HR: beats/min) 2HHET S0, &
REFOWILH BRI ORI L BBERELFRICHIE L7 (R 1), flEiIno. 1k Fno.212xt L TITHAFLAT,
i, BB 3HER, no3K UnodiZxt U CIZILEIAIC 1 RER% 1T 72

HKBFOLHIL, 7VAMN) VAT AT2 ~30HHIE, FOROERETARA 2 FoTY T 5
ANy FTEIR Lze ZRICHETRBEROKRE ENRBEERELHE L. —HEHICZ O#HEE10
BRI #IT 0 7225, ZOROAREZELSC L0 ERBFTOLEED LIBEOAWEE 2 52 51
EZ24T o 72,

TNV TEINIERD S ZOBERE LFRELHIE, FRENTOBEBREROZEH S BEFEE
BEYENRL, FOE,POBEEETHE L, BEEBNED, ORBAEEDHZEICIZYamamoto et al.? R
Mclean ? |2 & o TR ENZRA 2 FHW 2,

HP = 4.89-Vo -X/W7 (2)
I TVolIMR ENRDBERENE (%), XIZMFRE (Umin), WIIHKE (kg) 27T, FHFEIIZO
AP OHEESINLZEEORRBER LFROY V7)) v 7 L FERICHIE U 7203055 B B o BIR % O
B ER, REERLHEBERE L1 RERGETVTEL,

4. BERAT

KX DBHBLUTOFIRTED N, £F, LHRELZHBVER, RREETHEBERE L—XK
BRETVEERL, SEERORBEL CHEEOWEHACHBRIKICL VIRE L, ZOERE» S
FE B ORRERBBEED O D LHEEOFAM L BIEHEICOVTOEEELNME 2 RIS, ThoHD
RN E WAHB P OZHBRFOWET— 5 2FIHL T, ARV F—, LHEEEB L UHREBEEOW
I OBREA R U7z, &FIC, WIAHE DO FHOHEE, WALTAVF B HBRREEDRH
DHBEIEFREFHEL, 2OBRKL SWAHBFOMFERE LRADO D ORBT 2V F—-DF| BHRIR
rHE L7,
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Fig.1 The relation between heart rate and heat production. Thick

lines are regression models on each experiment cow, and
thin line is regression model for all the data. Large
squares: no. 1-26, middle squares: no.1-65, small squares:
no.1-175, crosses: no.2- 210, reverse triangle: no.3-225,
Large circles; no.4-26, middle circles: no.4-65, small
circles: no.4-258. The numerals behind hyphen show
measured post-calving days.

Table 2. Estimate of heat production with heart rate
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g

LAEE (HR: beats/min) L ABAEEL/-) OBREAE (HP: mj/mbs/min) DMBIRERE #DRIFET

ZHEBRET—-IHOLTIREVIREL, W
LFEOBREARITOHEEDHEMIENHE KL
TWolz, No.lDOWFLI65H & 1758 2 B < &8l
E R O [ 3 O M B4R $130.8408 ~0.9733 D &
Bz, 7% 2o —kKARROHEERE
(30.8303, WFLET, B, HEL 3ENICEY KBRS
N7zno.l & no dDEEEIC T L /BRI OHE
BT & 4£0.9278 £ 180.9160% /R L 720 No.1DW
FLH65H L17T5HDEBEBROLE TII T ) ARV E
REHRIZ, CORBRPICLBAEENTIS~
91.4beats/min & UF65.7 ~67.5beats/min D3\l %E
L ORE LD o772 TH 5B,

ARIORERIZB WL LHEE OB EEH 1T
HERRICE VR 2o 72, IREHORE#H %
A L7, no 20 W FLEA210H .U E
68.1~106.2 beats/min (#iFH38.1) & no.4DWFLHA
258 B O[3 BES1.6~89.1 beats/min (#iFH37.5)
THolzo TN Lno.30WFLEA220H @ B
FUIMBIREAN0.9185 L BV YT F W HEL R
L7245, LAEEORI%E364.6 ~80.6beats/min
(#EFH20.0) DIRNEHL 2N d o7, no3
DWFLE B P o B R EEEA572.03~92.320
HHICHDHLILEERICANSG L (K25H),

Lactation n= Equations =
(days)
No.1 26 10 HP =0.0101-HR - 0.2841 09318  **
65 8 HP =0.0016°HR + 0.4624 0.7472  **
175 4 HP = 0.0159-HR - 0.6237 0.5490 ns
Total 22 HP = 0.0086°HR - 0.1402 0.9278  **
No.2 210 10 HP =0.0111-HR - 0.2866 0.9588  **
No.3 225 10 HP =0.0196°HR - 0.8492 09185  **
No.4 26 11 HP =0.0137-HR - 0.4533 0.8706  **
65 13 HP =0.0117-HR - 0.2617 0.8408  **
258 9 HP =0.0115°HR - 0.2049 09733  **
Total 33 HP = 0.0108°HR - 0.1862 09160  **
Total 75 HP = 0.0098-HR - 0.1544 0.8303  **

HP: heat production (kj/mbs/min), HR: heart rate (beats/min),**:P<0.01
ns: not significant
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n0.3D AR R 13U HIEFE H764.6 ~ 80.6beats/min D EFH A 4 S ISFIH T X 2B ENE B2 72 0HEE DR
DEHFEBBETITIEIFAH LISV, Fnod0WELE, #, BHBOEREEE T VOMICIZEFEGERB LT
BURERE IS5 WKETHEEERST (G8GH), RAHEEORBETVOBELIBVI L2 5
(r=0.8303, P<0.01), ZOEEICEL TIZERBEFNVOWILBIC L BEN RV EARENT, 720010
WILET, B, B0 3 o0EERIZA 2 22 EFRO-LHEEDOWEHBEAI /NS ZDOHERDRL S Z
EDSBEIAIICHIT B Z L fTbhdo7zhs, MIIWKRLAZL ) CEBERHO 7 — ¥ IZE—E# LI
Feolz,

bhbhi LEROBERD S, REICRTWMAMEPOHFRLHEED? L HARER X HEHRE TS /2
DIZ, RIRTEBETFIVORBIREIT o726 n0o.l1B & PnodiZxt L TIBEKREEO T 2B L THELN
72ERRZ, no2iCIXRBAE—EZITTHEPEDOWEEHBLNZ 2O FDOREFA L7220 no 3T L
T i B F3.0 3 BE 5%64.6 ~ 80.6beats/min D P EHL PN 2> H 1397472 b D I3 Br 2 WA FLRI225 B D IR = #)
BL7%. EMIno3THHINBFYLHEED 7— 7 IZWILL167H 2> 52098 OEEH Db D TH
D, ZHiZno 3N RIBERDHERT b bWFLEI2258 LULES Z & ilk o7z,

2. WIHRESPOBFHLREE, BT XNY—, AREEEDEE

M2 TRT L) ICHILT R IVF— (YV: mj/mbs/day) 1ZWFLIH70H F TICHERBEBEL R LENLDERD L7,
g S NAWAT AN F - ORBERITHREBDOS EEKIT LR < 5 EDHDno.44%0.8202mj/mbs/day,
4 BER Dno.3120.6619mj/mbs/day, 1 ERPDno.l & no.213 % 1 £40.5974mj/mbs/day, 0.4945mj/mbs/day T &
olze =7, WELEA200% 52308 OWFLL R ¥ — 13 & HERF£%0.2848 ~0.4362mj/mbs/day DEIFHIZH ) ,
WHHR L OERBEIINS ko7, 100 -

H¥¥.0M#E (DHR: beats/min) & F72WFL g0 4
TRNEF— AR ITMILEITOE LN RSl % g 50 - Hl}: %
Y, wilsgEbicohTtwAd Lz, 7272 L % g 70_5 ‘% & %
DOERMZIWBILHEFLBEL I &) Lid % ]
572, BERETIX 5 B R Dno.4%%87.45beats/min, 60 %
4 PER Dno.35%92.32beats/min 1 EERX Dno.18 L T 05_;(;) T8
n0.2708 % N#192.55beats/min, 85.80beats/min7R L, 07 3 o
BAMEFE 020025200 EBVTL—BEXD F o5] o o ¥
n0.24%59.13~59.38beats/minfE\ME % R, 2 5] o ¥
70.06~74.60beats/min D FHE 12 & - 7=, ;éj 043 o B ¥B p ¥

WELE D OHIEE (beats/min) O HPEH I TE 031 B x @

5O HRE A S 0B OFTCHT0% A EE > 2] °

feo %0 HNERRE LB B CRHE 12'%

T8.60, RIEM THEn 20WIM2ENE T ] [ « 4 S

5.87, RFHCEAn0ADWAMIBOHN£13.20T 2 sl © *° B o o g,

Hotio FLAMEEO HNEBOUILMMFED E £2 «f o

B OB R R ok M2 0 0HE E 0s] . ©

BICDED L) ICBEEREZOR/NMIWFL & 13 o]

B9, EEBTLER- 7, I T T T T 1
A5 4R (DHP: mj/mbs/day) (3@ FLEI50 H 0 50 100 150 200 250

Lactation (days)

- = T~ » 1> > S
TTRREELRLCDRREDS L, BFHL Fig.2. The variation of daily heart rate, milk yields and daily heat

HEE»OHE L-BHREERI, BIIRLAX production. DHR: the daily mean values of heart rate
I 4 EERDno 3D WIBHO.LHEED F— ¥ Q)eats/min), Y: milk yields (mj/mbs/day) and DHP: daily

< . o 5 - . heat production (mj/mbs/day). The bars on the top show
PoBBEESNTRL2D, BITANVF—ITL standard deviations. Squares: no.l, crosses: no.2, reverse

HBETZVWASBREBRDOZVEFIZIEE  SEX triangles: no.3 and circles: no 4.
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Dno.413 H#F 4 20.5938~1.0919mj/mbs/day D HIE#FHIZH ), 1ERDno.l&no.2iENEN0.6747~
0.9443mj/mbs/day B & 170.5324~0.9587 mj/mbs/day D& THIE S N7z 4 ERDno3DT— ¥ BHET 5
WELEI1508 252300 D HBARBERETIE, 3 ERGTHEDNno.32%0.8102~0.9800mj/mbs/day T b &V ME % 7~
L, 2WT5EFBKDno.44%0.8215~0.8826mj/mbs/day, 1 ERDno.l1&no.2iZ#NEhN0.6747~
0.7422mj/mbs/day B & 170.5324 ~0.6667mj/mbs/day DEEFH % 7~ L 72,

3. BEIBEE, BILIxY—, BREEEDMEN
WILEIE S O B EE.0HEE (DHR:  beats/min) & WFLT ANV F— (¥: mj/mbs/dayd & O'H&RAE
(DHP: mj/mbs/day) DBDOMEERZH 312, ENODBOREIFIETFTNVERK3ITIRL,

0.9 14

O 4

08
] 12

Y = 0.0108-DHR - 0.3568
(n=42, = 0.7215 **)

DHP =0.8601°Y + 0.4237
(n=38, =0.8495 **)

Milk yields (mj/mbs/day)
Daily heat production (mj/mbs/day)

0.1 LANLELAE N DL B LR B 0.2 +r——r——r+———1—"——"7 7
50 60 70 80 90 100 0 0.2 0.4 0.6 038

Daily Heart rate (beats/min) Milk yields (mj/mbs/day)

Fig. 3 The relation among daily heart rate, milk yields and daily heat production on each experiment cow. DHR: the mean
values of daily heart rate, Y: milk yields (mj/mbs/day), DHP: daily heat production (mj/mbs/day), r: regression
coefficient **P<0.01. Squares: no.l, crosses: no.2, reverse triangles: no.3 and circles: no.4. Solid lines show the
regression models with all the data.

HEHLHEE L WATANVF—DOBICE EDOBEETHECEDOHBER L7, LIEERZHIEE,
WHIFINVEF—2RBERICLA—XERETFIVIZ, £TOF—% 2FI8 L :BIEEEICER LT
MRS LEVWSTIZE D 2R L7224 (HEHEK=0.7215), EEAEEICHAS Lno.l1Dr=0.7746 A5} 13
r=0.8906~0.9170TH D BV —BE /R L7ze TOL ZORBFREIZ 1 BFH.LAREH 1 HAMEMLz L &
DWHAIINF—BOWEFL L TELRAIENTEL, ZORBRFRKITIEET0.0108, BHEEICASL
5 BERDno.4%%0.0177, 4 EERDno.34%0.0107, 1 EXRDno.l&no.2A3% N £40.0100, 0.0071% 7R L7z, fit
REEBID RV DEF2ED) LT LIV ZWVATEROEDIZE—HY) OWIT AV F— DM
R L R 2EMAD 572,

F WAL T ANV F— (Y: mj/mbs/day) & HEFAEE (DHP: mj/mbs/day) DEICHEVCIEDHBFIRE
720 MEEOBBERERBIIACHEELZFA L2—RAFERP LR INDL 120, WODD 7 — 5 HH|
B S N7zno 3PSV IZDHR- YR QMM L R CEE R L7z, 72720, &@To7F—% 2FH L -ROMEH%IE
r=0.8495% 7~ L, DHR-Y [ & ) i\ BIEM AR S 7z,

2 TIDOWILTANVF— (V: mjmbs/day) & HEHEA R (DHP: mj/mbs/day) O [EDEEE TV HWIL
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Table 3. Regression model among daily heart rate, milk yields and daily heat production

Daily heart rate - milk yields

n= Equations r
No.1 12 Y = 0.0100°DHR - 0.3940 0.7746 **
No.2 8 Y =0.0071-DHR - 0.0988 0.9028 **
No.3 9 Y =0.0107-DHR - 0.3205 0.8906 **
No.4 13 Y =0.0177-DHR - 0.7838 09170 **
Total 42 Y =0.0108-DHR - 0.3568 0.7215 **

Milk yields - daily heat production Estimated

n= Equations r MEm k
No.1 12 DHP = 0.7402+Y + 0.4868 0.7746 ** 04868 0.574647
No.2 8 DHP = 1.8388+Y - 0.0254 0.9028 ** - 0.352262
No.3 5 DHP =1.0371+Y + 0.3931 09125 * 0.3931 0.490894
No.4 13 DHP = 0.7381-Y + 0.4916 09170 ** 04916 0.575341
Total 38 DHP = 0.8601+Y + 0.4237 0.8495 **  0.4237 0.537606

Y: milk yields (mj/mbs/day), DHR:the daily mean values of heart rate (beats/min),
DHP: daily heat production (mj/mbs/day), **P<0.01, *P<0.05,

MEm: metabolizable energy requirement for maintenance,

kl: Utilization efficiency of metabolizable energy for lactation

HEDIZNF—RFIIT L THFHOEBRICOVWTEL THh b,

DHP=a-Y+b (3)
CORDEFEBb IIWALINF -2 0D L EDBREEELR T, CNIIBREOHBIET N TS,
WHFDOREZILIHE) TAVF —BHFWUALLAINF - OEBIIHRTHLRE ) AS VT L 2E 2 N,
COEEZMEFIANF—BERE (MEm) EEZ2TH v,

MEm=b (4)
FWILD T ODRBF LAV F—DFIARIE (k) BRARXDOLH KT Z L HRS,
k= YMEy =Y/ (Y+HPy) =1/ ( 1+ HPy/Y) (5)

CZTMEYIZWAD D ICFIH SN A RBZ AN F—, YIZWALZ ANV F—, HPyZW st BBk #:%
HEEEZRT. O, HEOHPYYIWAZANF — L AFEREO—KBERAOEERE () LRELT
Hbo, TDLWHADLHDOMNBIANVF—OFARE ki) 133X 3) OEVEHREKaz o TRkAD L)
IZRKE D,
k =l (1+a) (6)

ERRoxX (1) 2FAL TCRAHEFOLFOMRERE (MEm: mj/mbs/day) %#5HE$ 5 &, nolknod
TZ NZNLMEm=0.4868mj/mbs/day, 0.4916mj/mbs/day & %2 72 —7F, n0.22*5 FHl ENHMEmIZIE DHE,
TROLERWICH VBLVEEZRL, F7n0.30MEmI30.3931mj/mbs/day D&\ ME % /R L 720 no.2%no.3
WL T, BB E 2 5WIA LAV F — OEFHAN0.2T120.2913~0.4945mj/mbs/day, no.37Ti30.4274
~0.5594mj/mbs/day L R\ Z &, EHEDEBETNVOBREDELIIINLDTF - FLZ L2 EZDE,
CO2EAECHELTRBZIZERZWHPRV, 27— % £ &0 - HFEREIL0.4237mj/mbs/day, HEiF
ERETZEKAEDL S LMD D n0.20 7 — % B\ TEHE SN MBFEREI20.4901 %R L7,

RICHBILD 720 DR 2V F - DFAZHHLIIK (6) 2T, nolénod TENRENK=0.57465 X
Ur0.5753% /R L7z —Hno2& no.3@*ﬂ)ﬂ§j}$@i%ﬂ%‘ﬂkl= 0.3522 £ 049097~ L7278, FiLk R CBEE»
LEMTOREMIIME . £7— % &0 TR S N FIH%HELI20.5376, no207— % ¥RV CEHE X
NIzkIZ05700DMEZ R L7ze D DWALD 72O DB ANV F—D53.76% b L { 1357.00% ASFLAE B 12 F)
Ha3hasLiEEIni,
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