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Effect of Time Lapse from the Onset of Estrus detected by Pedometer
until Insemination and Synchronization for Artificial Insemination on
Calf Sex Ratio in Japanese Black Cows
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Summary : Effect of time lapse from the onset of estrus detected by data transmissible pedometer (Gyuho, Comtec,
Miyazaki, Japan) until artificial insemination (Al) and estrous synchronization on calf sex ratio was investigated in
Japanese Black Cows. A total of 80 Japanese Black Cows were installed with pedometers, which store the number
of steps per hour and transmit the date for 24 hours. The onset of estrus was defined when the number of each hour
steps in cows exceeded more than double of the maximum steps in recent 15 days. Cows were randomly assigned
to either timed Al program with estrus synchronization using progesterone-releasing intravaginal device (PRID®)
(n = 33) or Al using AM/PM rule (n = 47). Cows were subdivided into three groups retrospectively based on the
time lapse from the onset of estrous until Al ; 0-8h (n = 8), 9-16h (n = 43), 17-24h (n = 29).

Estimating the onset of estrus using pedometers revealed that only a small number of cows showed estrus dur-
ing daytime hours (08:00~18:00), whereas many cows commenced estrus at night-time (18:00~08:00) (daytime 23.7
% vs. night-time 76.3 % : P<0.01). There was no significant difference between groups in conception rate {timed Al
45.5 % vs. estrus Al 63.8 % : P=0.10), which showed estrus synchronization using PRID® could be useful to improve
reproductive performance in Japanese Black Cows. Male calf ratio was lower in early Al group (0 % in 0-8 h, 75.0
% in 9-16h and 46.7 % in 17-24h), which indicated calf sex ratio might be affected by the time lapse from the onset
of estrus until Al. However, there was no such tendency in the synchronized timed Al cows.
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FOZIRROM LI, FERMRICEE-S & PN
R & B L oo AT (AD BNEET
#» 5 (Dransfield etal 1998 ; Pursley etal
1998). FEfERIMAN HHINE TORRMIZ, BLE
21 LT HWMENDH D (Walker et al 1996).
ek, BETHOMBEIA I VT 7L X
i, ENLSMC~ T T 427 (Martinez et al.
2004 ; Rorie 1999 ; Rorie etal. 1999) <% %0
OBFEOVEM (Firk et al. 2002 ; Kiddy 1977)
T E G RR O BRIEPUE OW A (Wehner et
al. 1997) ZRENHFEINTNS., LirL, BE
DERFEEBHIZIBNT, FIF O BIAARL % IEME IR
DT EE L. 20w, Stk o sk
BHIM (VWP) 25797 e v A7 e Uik
#| (PRID®, CIDR®) #IEWNIZFEAL, Sifgo
ORI 2 VS UC, HEIRRIBME 21T 5 2 & TRIER
REBEELRWEHERELRES LTV
(Bulman et al. 1978 ; Lopez—Gaitus et al. 2005 ;
Pursley et al. 1997).

ITEE, R IRE 0D ARG B O FE R 72 BE N S 45 5
RFEE LTEDGRZ EPRESNL TS (Firk
etal. 2002). F7-WREOHL A 24 FFRER L,
T LA MY —IETHEMICEE T 255G E v,
T 5 RLAOFIG BRI Z 2 R E T 5 2 & b ATHE
o TV 5 (Maatje etal 1997 ; Lopez-Gaitus
et al. 2005 ; Roelofs etral 2005). —JF, #IF
BRAR D> b AlE TORBEER] & #74 T- 4ok o
BENRE S T3 (Pursley etal 1998;
Martinez et al. 2004). J[EREIZBNT, AH
T 4%, WA CIIREDSWETF0
AEPERRZ D B A REMEICHIFE R A E BTN B,

A, FEEOSHELETEL, T X HH
R{E T & ARG AV T IS OB B & 4
THI LKLY, ZOBRAIE TORBRR AR
FEFFEAOSZIEER & AT OIS BT T
R L7z, B TR BB L L LT
DFAFFRHEALE DG IEIZ DN T H e E N
7-.

MEBEXOAHE

HRRAE IR T ICALE S © BRI R IR
EEHT 4 — F (E#E31°697, I#E131°287, #4
AifEL0 ha) Tz STV 5 BEfMFEENL T,

20074E11 5 ~20104E 3 A IZHNF CTIEH 434k L7280
BEA . BABRBAAGIE O BEYRIZ6.02 0.5 (G
BB RZE) THD, SUh30HIZI1T 5 5 B
MO RT 4 2F 4 g 2ar7 (BCS) i
29%£02Th o7z, 1L, BT 9 ~16850
B, "eT7 /IR0 FU— RJ T RAEHITHK
MEh, AFBEWE ((FUVTVI7A4 75 A, F
=T TTR, a—XTTRRpE) A X VT T
ATIFADT v TP AL—, hyERaTtA
L— VR RENTAREMG S S, 72, KL
LTCoHltk, 4 W AETTFORARMEILE Lz,

FIGEFREBOBE & ALIRE
FOFRIGFIIERER 28 ET B0, R NT
N ORI EIHE OB EIZA RO~ N CHEGE
(B0, arT vy, Bif) %L SHGEH
1R OIS 10BN TR T 5 Z & A8
T&E, TNHLOTFT—FXT LA MY —EizL 24
R B IR EHRICHE SN, REESNEZT—¥
1%, XY o LT RGOSR S EEISH
M OB & LTIy 7 7 CRREh, &
7o 1 R0 15 B M O i KBk & B
e an (Fig. 1). ThboF—FIcE %,
W15 B B OB RAERD 2 fEEL FITBRE M L
TR A2 FEIE BRARIEZN & BT, 2 DRI B AT
FCOMBREBIZL Y, 4% 0 ~ 8 KR
(JEVEE, n=8), 9~16RFRIRE (TPRIEE, n=43),
17~24FFfBE (BVWEE, n=29) @ 3 D247,
AFABR CROBIFE OB R 2 24880 & L= i,
FIZEREIR B G2 AW BRICB VT, IEHR
PRI G 24 A 2 B & SRR RRIHIZIR T L7
L DHE (Maatje etal 1997) 12k 5.
ALFRIERBULE, ERFICAIZIT O ERFALR
(n=33) & RIERFALEE (n=47) D2 FETITo 7=,
ERFATITIE, itk o JPBLIRTE & BEIP L o
72®, PRID® (VY v FFA V' —, &Il
HR) ESWE3TE NS 9 BRIBPICHEA L.
PRID*X1.55 gn 7 uv= 27y (P) #5463
530 a BOFBAKIT, =2 raYzy (B)
10 mg & & e 72 /VBAANCER Y (1 BT
5. PRID*ZIEPICHERAT 5 &, P& E i3IERLE
Il U CHRRMICRIN &4, FIERBEIIL, TRk
SINHBEHEOHEKEFE LM bP,JEE L —
WYECEWILPE REEZRT. A% IBED
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PRID®B&ERE, 7 araxs /) —iL (L7 my,
SN, HER) 500 ugEHANEE L, Z0
QAMERBIZE, (F/NRAEY, ST hilsE, #m)
lmgZ RN EEST DR E, BRI
GnRH100 ug (mo vy, B3l )
AN S BRI, WS L PRIDERE
2 H# (Day 48) OFHBICER Al&{To7= (&
BEAIRE, n=33). EMFAI®E, BENERLF
i, FIEMEREIC AM-PMIEIZE-S X 120
WAL Z T o7 (BEIERFALRE, n=47).

BF EFHOERIHE

Al#%60~80 Az, ¥ERAHEF IS (HS-
1500V, ALET, H) &MV, E—HIirE»,
TEHRTEWT & T OB 21T o 2. BT ORI,
B L2569~ B AR BlRE B O FE e B 72 AL CHRE L7z
(Kamimura etal 1994). ZAFEFEHEIL, $F3k4
Glgs L 7R DERE T, W LT Yy
mIEMOMEY & LTI SN S, HE T,
HERR VI & AR TR 0 o BEREDS A= S 6 & R [
DOHEEL VL, WM T TIER & AT
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Fig. 1. The schematic view of the graph of data transmitted by a pedometer displayed on a
PC. The solid line is the steps of the day, the dotted line is the average steps of the past
15 days, the bar graph is the maximum steps and the minimum steps of the past 15
days. Onset of estrus was defined when number of steps of the respective day exceeds
more than 2 holds over of the recent 15 days.

Fig. 2. Transrectal ultrasonography was performed to determine the gender of fetuses on Day
60~80 (Day0=Al). The fetus was composed of dense, highly echogenic tissue and
were depicted as bright or white structures on the monitor. Genital tubercles appeared
to be bi-lobed on the monitor. In the males, the distance between the tail and the
genital tubercle is longer than between genital tubercle and umbilicus. Whereas in the
females, genital tubercle is in close proximity to the tail. GT : genital tubercle, T : tail,
UC : umbilical cord, HL : hind leg.
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O I B A3 AR RS £ & I%FEJ@ILE {fJ: DR %5
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W R
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otz (B#23.7 %, 1&HE76.3 % ; P<0.01L). *F
{ZPRID®% W 7= EIFAICIIA B R ZENTD b,

B 9 %I LM % TH -7 (P<0.01).

—77, FEIEEEAIRE CIZBRM 034 %ioxt L, &K
1366 % (P=0.20) THY, FELEIRDOLN
o= (Fig. 3).

Z RS E AT RE45.5 %, FIFHFALIREG3.8 %
Thy, MEMICEEREIROLAT (P=
0. 10) F - RIEBRA N B ALE f@f%i@ﬂ—*flﬂ'ﬂf 3

T TR oW T b ERFALRE & F5 5 IFA
HW)F? FEREIRD LN -T2 (%E‘/‘ﬁ ;

TERFATRE25 %, FEIERFATRETS %, HPEHE : B
ATEES0 %, ZEIERFALBEST.1 %, RV BE : ERFAI
1429 %, FEIERFAIRE68.2 %, Table 1).

W73 IR ERFALBET3.3 %Ik L, F1S5 ks

Estrus Al

7 ) N . >
@ 6 - Observation is easy
-4
S5
G [ 8~18h:3496(16/47)
S 4 —
55 -
. ~
e -

0 T Eh) [ 7 i 1 l

1 3 5 7 9 11131517 19 21 23

Time of onset of estrus (o’clock)

Fig. 3. Time of onset of estrus by using a pedometer in Timed Al and Estrus Al In Timed
Al, most cows showed onset of estrus from mid-night to early morning (P<0.01 ; chi-
square test). In Estrus AI, many cows showed the onset of estrus from evening to mid-

night (P=0.20 ; chi-square test).

Table 1. Difference of conception rate and male fetus ratio between Timed Al and
Estrus Al characterized with time lapse of Al after the onset of estrus

Time lapse of Al after

. - ol
the onset of estrus Timed Al Estrus Al P-value
0~8h 25.0% (1/4) 75.0% (3/4) 0.15
Conception Rate 9~16h 50.0% (11/22) 57.1% (12/21) 0.64
17~24h 42.9% (3/7) 68.2% (15/22) 0.23
Mean=*S.D. 45.5% (15/33) 63.8% (30/47) 0.10
0~8h 100.0% (1/1) 0% (0/3) a 0.05*
Male fetus ratio 9~16h 81.8% (9/11) 75.0% (9/12) b 0.69
17~24h 33.3% (1/3) 46.7% (7/15) ab 0.67
Mean=+S.D. 73.3% (11/15) 53.3% (16/30) 0.20

' Differece of conception rate and fetus sex ratio were tested by chi-square test.
* Significant difference (P<0.05) in male fetus ratio between Timed Al and Estrus Al in two groups

(time lapse of Al between 0~8h and 9~16h).

a,b ; Significant difference (P<0.05) in male fetus ratio between 0~8h and 9~16h in Estrus Al
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AIHEB3.3 % TH Y, WHMICETRO bR
7= (P=0.20, Table 1). L L, F&ERBDHAL
F TORBIEFREICBWT, ERFAIFTIZ 3 2O
REAE RIS A BRI e o 1203, FRIERE ALRE
TIXAL E TOREM A E VBT 4R EHE
WARTF L (0~ 8 . 0%, 9~16MFR : 75.0
%, 17~24M%[# : 46.7 % ; P<0.05, Table 1).

z =

FOBEREIIZINT, FEHERFB ORI %/ E
THZELIFEETHD. A, EFHS L2808
O BEBFIFEIZ OV TIIG BRI & B EEHT XY
PE LI A, BEICREZBE L2F0EE
7, FRICRIERIBLAAE 217 o 7o ERFAL
BECHEEBEICKT Lz (BRALEE : 9 % ; P<0.01,
FEIERFALRE © 34 % ; P=0.20). ZoHEMBE LT,
LB OB TR NLE BT N TERAIO
ATH (B,) Y B (GnRH) O4-HTFIZER L TE
v, T 6~120M%ICH - DR ENHEE 2 BLA
TRENRSLN LITE D, "SR B40FE
BT, FEFHLERECTHY, 4E, 24FFHIC
Ple 0 OB EOEEFER TE 258G 2 M
WA ZET, BRIZBW T H4OFIE RG22
ET A2 ENARETH » /2. Hurnik efal
(1975) 1%, BEKEICHEFEZRBET D HEB L0
LA L TE Y, Stevenson efal. (1995) X7
nYxx7rry (MGA) OROEL LRERT
e zrg 75 oYy (PGR.) OBBENESL
i & B RERPLLEE T2 2H, <D
ISERIE D 0 B~ 6 REDIFRIHIC RGPl LTz &
WELTWD. —7, HeatWatchi AT A% H
VY, 24BERIC T 0 LA O RIFE R In A AR LT
Dransfield etal (1998) 1%, J&1%BHAAREANIC Ky
DMLV ERE L THD.

AME], FERFALRE & FEIFRAIBEOZ IR RICITZE
N, ERIERMABRALE CORIBRFREA 0 ~
8 IR, 9 ~16HF[HE], 17~23WFf]o 3 BEFICRB W
THHEBERERIRD LN o7z (Table 1).
FEERBEHE AWz fho®E (Maatje etal
1997) 12V T, FEIEBHHZALE T ORI
M0~ 8 MR, 9 ~16MFfH, 17~24BFE DR/ TiX
ZIRERITEIT RV, 24K 2B 2 D & ABmICIK
TFTLie LTS, JEERMAI A WIRAIIZHEIE
L7484 (Martinez et al. 2004) Tik, FI1EHH

a7 B AL E TOREREM 2 8 ~18K5fi] & 18~30
e O TR FIZEIT A LIRS, 300k
MaEHEzs L, 2B THEECKTTS L
LTCWa. AE, BIEREEZALE TOREERE
T 3O TR CIIZRRICENELS, 20
B (GETEBIMATRALE TORIBEFR Y 0 ~24
) T, WoAIZR T- THRREOXIER
D TE S, £/, PRID®Z - ERFAIRE S
HIERAIFOM CHRZRBICFEREITIA BN
otz ZOZEBPRIDMC L A FIE RS
LB T, SR OAINTIREL 2 Y, AROLE
VREFE A R B B E S TTh o 7.
FOBFEEBIZRB VT, FAETF oML BE
TEIFHALAFECIIM T 4%, WA TIIRED
SRR EIR S D, ek, 4Ok EE
BT B8 E LT, XETF LY RTOmBtENR
BB (Seidel et al. 2003), 43HELEE N BT
HY, FEMEHRNEEEFOC@EE OAITIEE
ERMETTDEWHMERHD. —T7, FIEH
BALE TORBEMAE VT EMTFOmE
DE L, WIZAIE CORBREMMBIERD & T
HEOWMRPBED ETHRENRSH D (Wehner ef
al. 1997 ; Martinez et al. 2004). 48], ZF8{EMEr
AIFETIE, RIEBIMABAIE CORIBKREE A 0 ~
8 KRR TIL, 9 ~16BERIZH LEHETFHRNFEI
KT L7 (P0.05). ZhizxtL, ERFAIBETIX
ORI THHEFERICERALNT, BIF
ATEEOERBHERE & Ao, Thidsn
FURAE AR OERBEREICAIZITo
Martinez et al. (2004) O L FREFERTH-
7. AE, FEMAIEE TIZPRID® BrE 0480 %
WHEIMREEER] (GnRH) 2B S L, HEO
5 FICEGAIE T2, Z O ERAIRE T,
Al SHEIIE TOREMISIE—E & o TV5D
HHEMEDYH D (Ando et al. 2005, Fricke et al
1998). ZAUTH LIEIERFALRE T, FIEFADLI2
W12 IC AT D AM-PMIEIZE> TR Y, FEIHHH
W HEEIRE TORFMIE—ETH, FRAE LT
B oy BRMmNICERTIAING, TOH®
PR E COMRMIIRRIZENRTEHRIND
(Wettemann et al. 1998).

AE], FEIERFAIBICBWT, BIERBRAIE
TORBERIEOEETH, B0 HENR->
7. ZoAICEL, RIEREZREVERTOAI
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T, TO®%IEINE CORBRMBEL 2B L
W&, FaOEOYRET ISR SR L T
LHZENTREND. —F, FEHOEOVXETIE
FEESPRIAHE BOBEBIOAl THEZ IG5 (Martinez
et al. 2004).

famm e LT, FORBEITEHZ24RMEHR X 5
BEEEAWAZ LT, FEENREOERENICE

WTHFORIERGEEZNMICRETERZ. £2
PRID® % W T2 B RFALRE & HESR DR ERFALRE D
MCIZZRRICELZA BT, PRIDAC &L A5G
EE {5 i%ﬁfa%ﬁfu L BRVWERATR Al HE
LU, FrEMARBMERICEREEZ O, —
I, Ulfﬂfo&ih?))’%fnﬂ FALRE CIIZ R B IA R AL
F TORGBRFHEIC K 0 BT oM E O R A
bz &b, 5%, ALK& TFFoMtko
BAfR%E S LTI T D LR H D

Z ¥
1 RO SR EE ZEHICEBIRETE 245
y#%@%@ﬁ¢_ EETHZLITLY, REFD
FAAIRZ 2 FE U, FIEBAH A T (AD
f@%ﬂﬁﬁﬁ%#@&m_&&fwﬂémﬁb
7o, AE, HEE (F5° arTyr, BiF)
’ﬂhéﬂtlﬁmm@fﬁim WE15H O
R D 2 5 LA ITHENN U 7= B 5 % 245 B A0
e L, BIEBRMBBAIE TORBEERIC X 4$
FEZE 0~ 8 BFMIRE (EWEE, n=8), 9 ~16HFH
(PR, n=43> 17~24FF R (RUVHE,
n=29) O 327, AIOERTIE, T edx
A7 v KA (PRID®) 12 & 253 IE RS L%,
ERFAIZTT O B (BIFATRE, n=33) &, HHERR
D 1205 [E % I AM-PMIE TAIZ AT 9 BE (GsfEIRAT
ﬂ¥rFM):ﬁTk
FER, FOIE LA T HRRITEM LY
4&%ﬁgzﬁ»at (08:00~18:00 : 23.7 %, 18:00
~08:00 : 76.3 %, P<0.01). FFRGLLRE DA
M\ L DAITIEZIREICE T o< (ERFATRE
4559& TG RFATRE  63.8 %, P=010) PRID®
@mmm SR B HI DAL % Al g . BAE B
ﬁ%f%ot.%f~MﬁTi,%l% %
AlE TORBEB N E W CHEF 4+ 0 RN
< (0~ 8K 0%, 9~16M5M :75.0%, 17
~ 24155 1 46.7 %), FEIFBAIALALE TOREK
M & AT & OBIEIVRIB S N, —7,

T E R BB 51T - T ERFAIE CIE, O/
M A BV o T,

F—70—F MR, SRR, BERSL
#H¥GEE, PRID®

F 2

AR PENE T AL 19~ 2248 B BE 2 B S0 B ST
i KR AR HE TR 31T X 2 IR EROMBY % 52 £
LTWa. Aigeicxf L, EHORMEZ 75
TR A & 7 7 A PRt BEGH
DEGEWBG -T2 5T v 7 RSB 5.
F AR OZATICE L, HEREMW) OfRZRE IR
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