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Summary 

τhe present study cOl11pared econol11ic re札lrnsbetween double-and triple l11atings in first悶servicedand reserviced fel11ale pigs. Our 

reproductive perfonnance data included 102，553 service records in 117 cOl11l11ercial herds. Th巴serviceincluded a single附 orl110re l11ating 

events during estms. The econol11ic models for returns over l11ating costs per service were constmcted by using the data on reproductive 

perforl11ance and econol11ic assul11ptions. The value for a weaned pig was estil11ated by the l11arket price per pig l11inus the costs for feed， 

vaccines， veterinary treatl11ents， transportation， slaughter fe巴s，labor and uti1ity per pig. Sensitivity analysis was perfol1ned to detelmine a 

threshold point for the faITowing percentage in the double l11atings required to exceed the returns in the triple l11atings. In the first畑氏rVlce

group， triple-l11ated gilts and sows had higher falTowing percentages and nUl11ber of pigs born alive (PBA) than double-l11ated gilts and 

sows (P< 0.05). ln the reservice group， no differences in fatTOwing percentage and PBA were found between double同 andtriple l11atings. 

The value per pig weaned was $101.1. For first-serviced gilts and sows， returns over l11ating costs for triple l11atings were higher than 

those for double l11atings. We recol11l11end perfol1ning triple l11atings for fel11ales to be first-serviced， and double l11atings for fel11ales 

returning to estrus for l11axil11izing profitability in Japan. Additional1y， our sensitivity analysis indicates that the returns in double l11atings 

for sows would surpass those in triple l11atings when producers increase the faITowing percentage by 1.0 %. 

Keywords : cost， econol11ic 1110del， farl11 managemer託、l11atingfrequency 

Introduction 

Double-or triple matings during an estrus period are reCOI11-

l11ended over single l11ating for female pigs (females) to optト

l11ize the farrowing percentage and nUl11ber of pigs born alive 

(PBA)J.4.22i. The issue is which is 1110re beneficial for producers， 

double-or triple l11atings. Triple田matedgilts have a higher f注r-

rowing percentage than double-l11ated gilts in cOl11l11ercial herds26i 

ln a controlled study， the PBA for triple→11ated sows was higher 
than double佃l11atedSOWS25i • However， l11axil11ized faITowing per-

centage and PBA l11ight not necessat廿yoffset the costs of 

mating181• The increased l11ating costs necessary for superior per担

forl11ance l11ight reduce profitability in SOl11e commercial herds. 
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Double matings have been used more often than triple matings in 

cOl11l11ercial herds in the U.S.A.15i. 

In a simulation study using theoretical biological values and 

economic assul11ptions for pigs weaned in the U.S.A.， triple 

l11atings were found to yield higher economic returns than double 

l11atings 11 1. Biological values and econol11ic assumptions vary 

significantly al110ng countries. In fact， Japanese cOl11l11ercial 

herds incur higher costs but realize a higher l11arlく巴tprice for pigs 

than herds in U.S.A. 12. 171. 

Econol11ic analysis is a tool for・producersand veterinarians to 

l11ake decisions relating to thcir farl11 operationsl3l. The value per 

pig weaned is necessarγto perfonn econol11ic analysis for 

breeding herds， although there is no l11arket for weaned pigs in 

Japan. Opportunity costs have been frequently used for economic 

analyses in conjunction with sensitivity analyses5• 131• Opportunity 

cost or economic opportunity loss is the value of the alterτlative 

forgone as the result ofl11aking a decision141
ヲ
butis not treated as 

an actual cost. The concept of opportunity cost has been applied 

to veter・marγeconol11icsfor 1110rtality costs due to a disease5. 24i • 

The value per pig weaned can be estimated by using the concept 

of opportunity cost. 

No literature was available on the comparative study of 
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economic retums between the double-and the triple matings 

using the estimated value per weaned pig combined with re-

productive performance data in commercial herds. Additionally， 

sensitivity analysis is another tool available to investigate the 

effect on retums when one parameter is varied over a possible 

range of values while holding the r巴stof the variables in the 

analysis constant51. Therefore， the objective ofthe present study 

was to investigate巴conomlc印刷msfor double-and triple matings 

practiced in firsトservicedand reserviced females based on 

reproductive performance data， economic assumptions， and sen叩

sitivity analysis 

Materials and methods 

Performance Data 

Performance data such as farrowing percentage and PBA were 

collected from an existing database (Meiji University， Kawasakiラ

Japan). The data analyzed were a subset of a larger dataset合om

a previous study perfom1ed by Takai and Koketsu221. The original 

d以昌setincluded 116，018 ser吋vicerecords and 94，200 fmTowing 

records of 54，722 females in 117 herds. Additionally， records of 

the second前 orfurther reservices (number of services注3)were 

not used because the numbers of these records were few (1，931 

service records and 935 farrowing records). AIso excluded from 

the study as they were considered extreme wer巴thefollowing : 

missing records of farrowing events， records of sows with 

weaning-to-mating interval longer than 120 days， sows with 

lactation length < 14 or > 28 days， and females with reservice 
intervals longer than 150 days in 2，753 service records and 1，952 

farrowing records of 570 females. Hence， the dataset includ巴d

111，334 service records and 91，313 farrowing records of 54，146 

females. Records of single mating and four more matings (8，781 

records) were巴xcluded.Of the remaining 102，553 service rec-

ords， 55，937 and 46，616 records included double and triple 

matings， respectively. 

Animals and Herd Management 

Females in the herds studied were mainly crossbreds between 

Large White and Landrace， or crossbred pigs purchased from 

111t巴mationalbreeding companies. Both naturalmating and m1i-

ficial insemination (AI) were gener・allypracticed in these herds 

Definitions of Production Parameters and Categories 

A gi1t was defined as a female that had not farrowed， and a sow 

was a female that had farrowed at least once. A mating was 

defined as any single AI or natural mating of a female during 

estIUs. A service included a single-or more mating (insemination) 

events in the 10-day estr・usperiod161. The number of services was 

divided into two groups : first-service and reservice. The first愉

service group included the first service in the reserviced females. 

Statistical Analysis 

All statistical analyses were perforrned with SAS software 

(SAS Inst. Inc.， Cmy， NC). Mixed但effectslogistic regression 

models were applied for・binarydata (i.e. fmTowing percentage) in 

the GLIMMIX procedure. Linear mixed-effects models were 

applied for continuous data (i.e. PBA) in the MIX巳Dprocedure 

Statistical models were constlUcted to compare reproductive 

performance between the double-昌ndtriple matings in both first蜘

serviced and reserviced females. Gilts and sows were separately 

analyzed， because explanatoly variables for gilts di釘eredfrom 

those for sows. First service and reservice records were also 

separatelyanalyzed. Gilt mod巴Isincluded the number of matings 

and age at first mating， whereas sow models included the number 

of matingsラparity，lactation length and weaning欄to-first側mating

interval. All statistical models included the herds， four periods 

of three-month intervals， and the herd-period interaction as a 

random effect. The interaction was used to account for a pm1 of 

individual services within a femaleラ becauseeach female was 

serviced on one or more occasions during the study period. 

Gilt model for farrowing percentage was : 

Logit (Pijk) =α+ NM， + AFMj + Fk， 
where Pijk was probability of a gi1t farrowing ;αwas the inter-

cept ; NM， was the fixed effect of the ith group of the number of 
mating (i口2，3); AF叫 wasa covariate; and Fk was the random 

effect of kth farm (k = 1 to 117). Gilt model for pigs bom alive 

was: 

Yijk=μ+NM，+AFMj+九十Eυh
where Yijk was the perfonnanceμis the overall mean ; NM" 

AF同，and Fk were given as above ; and e'jk v.哨therand0111 error. 

Sow 1110del for farrowing percentage was 

Logit (P州問)=α+NM，+PYj骨十トLLしk+W川M但1/+Fmη，+ P，，+ F孔IIIXP孔"
where Pijμ'k was pro‘ひobabi江li抗tyof a sow f:白ar汀rowing;日was t出h己111飢t巴ぽr蜘

c巴p戸t; NMi was the fixed effect of the ith group of the number of 

111ating (iヰ2，3); PYj， LLk' and WM1/ was a covariate; Fm was the 

rand0111 e汀ectof mth farm (m = 1 to 117) ; P" was the rand0111 

effect of llth period of four-month interval (ll = 1， 2， 3). Fm X P" 

was the rand0111 interaction effect between the mth fann and the 

llth period. Sow 1110del for pigs bom alive was 

Yυ凶k/川川 μ 句+トNM，+P百叫ら+LLしk+WMI/十Fm庁+P，，+F巴mXP凡H川，+巴匂り川凶州州J/，仙仙hω川m附削111川"問"
wh 巴釘I巴Y υM州州kμ仙/"川gυ"wast出h巴p 巴佼rflお011‘.1nance;μ iおstめheove匂r百allme昌n;NM，付， 

p主叫丸らら， LLk， WMI/， F"" and P" were given as above ; and eijk/m" was 

the rand0111 error 

Financial Analysis 

Si111ple models for・econ0111icreturns were constructed by using 

the reproductive performance from the present study. One U.S. 

dollar was treated equivalent to 100 Japanese yen. In the 

econ0111ic models， the 1，000 services categorγwas used for first-

serviced female models. 1n addition， the 100 services cat巴gory

was used for reserviced female models， because th巴percentage

of reservice OCCU1Tences was approximately 10%221. The pre幅

weaning mortality value of 11.3 % was obtained from a previous 

report101. The values for 3.1 feed conversion rate in fattening 

pigs and $0.4 for feed cost per kg were used to the present study 

based on a previous repor(11. The mean value of market prices 

per marketed pig used were related to the period 2004 to 2007 in 
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herds having fattening pig inventory of2，000 pigs or morel21. The 

values of $20 for a dose of semen with a disposable catheter and 

$30 wage per hour were obtained from personal communications. 

Mean times spent p 巴釘ral11mτ恐na叫a叫Itωop 巴rばfoαrmro‘刀ou廷均tむ111巴acは凶t臼1V司1凶ti巴ωs0ぱfAI

we町re2引1.91灯minand 1口2.6minfおorgilt岱sa氾n吋ds叩ows丸， r犯喝℃巴s叩peωcは凶tJv巴l砂y6耐).

Th巴valuesof the costs for vaccines and veterinarγtreatments， 

transportation and slallghter fee， labor and utility were obtained 

from a prodllcers' grollp 

Applying a concept of the opportllnity cost2J， the value per pig 

weaned was estimated. The value for a weaned pig was defincd 

as the difference betwecn the returns obtained and the costs 

incurred in raising a pig to maturity and selling it at market price21. 

The mean of market prices per pig marketed for a fOUI同yearperiod

obtained in the government web sitel21 was corrected for mortality 

of fatt巴ningpigs (5.0%) from weaning to market231. The value 

per weaned pig in the present stlldy was estimated as the corrected 

market pricc per pig marketed minus the costs for its feed， 

vaccmes， v巴tennarγtreatments，transportation， slaughter fees， 

labor and utilities frol11 weaning to l11arket. 

In econol11ic return cOl11parisons， the mating cost included the 

price of one dosc of sel11en， a disposable catheter and labor costs 

of l11ating. We used the l11ating cost for estil11ating the cost of AI 

with purchased semen for our economic 1110dels. The AI with 

purchased sel11en is a sil11pler process than natural matings or on-

farl11 AI， and we assul11ed that the costs of llsing purchased sel11en 

for AI were even low巴r.Additionally， our simple models cOllld 

not account for the differences between l11ating frequency groups 

in facility space and eqllipl11巴ntsneeded for increased PBA. 

Return over mating cost per firsトservicedfemales was calcu-

lated by the following equation : 

Return over l11ating cost per first-scrviced female = (Total revenue 

frol11 1，000 services-Mating cost for 1，000 services) /1000 

services. Sil11ilarlyラ returnover matmg cost p巴rreserviced 

females was calclllated as : 

Return over mating cost per reserviced female = (Total revenue 

from 100 services -Mating cost for 100 servICes) / 100 services. 

Sensitivity analysis 

Sensitivity analysis was performed to determine how far 

producers using doublc matings should il11prove the faITowing 

percentage to surpass th巴returnsfor triple l11atings. Gilts and 

sows were separately studied in both the analyses. Sensitivity 

analysis51 was done to examine the etfects on the return per service 

when farrowing percentage was varied while holding the rest of 

the variables constant. The range of farrowing percentages used 

for the analyses was between 81 and 87 %. Sensitivity analysis 

was not performed for・varyingPBA because higher PBA was 

highly c01Telated with higher farrowing percentage20J. The 

threshold point was deternlined by setting it to the retllrns f01 

triple matings and soloving for the performance in tU111 using a 

regr巴ssionequation5J. 

Results 

Of the 111 ，334 service recor・ds，first拘serv1ce噂 andreservices 

reco1由 were100，443 (90.2%) and 10，891 (9.8%)， respectively. 

In the first-service group， triple-mated gilts had a 3.2 % higher 

faJTowing percentage than double-l11ated gilts (P< 0.05 ; Table 

Table 1 FaJTOwing percentage and number of pigs b0111 alive by the number of matings in first-

serviced and reserviced females (Mean会SEM)

n % れ bom alive 

Fir・Sトservicedgilts 

Number of matings 

Double 11 ，064 81.8:!: O. 37b 9，047 9.7 :!:0.10 

Triple 7，505 85 .O:!: 0.41" 6，379 9.8 :!:0.11 

First-serviced sows 

Number of matings 

Double 39，775 83.5 :!: O. 19b 33，220 10.4 0.12b 

Triple 34，358 85.5 :!:O. 19" 29，376 10.6土0.12"

Reserviced gilts 

NUl11ber of l11atings 

Double 1，293 66.1:!:0.37 855 9.6:!:0.15 

Triple 1，006 63.6:!: 0.41 640 9.7土0.17

Reserviced sows 

Number of l11atings 

Double 3，805 68.2土0.75 2，593 10.3 0.15 

Triple 3，747 64.8土0.78 2，429 10.4:!:0.16 

山Valuesin the same groups within the colul11n without common superscript letters differ (P< 0.05). 
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Table 2 Biologicalω 昌ndeconomical assumptions applied to the economic modelsa 

V'ariable Value 

Lactational and growth performance 

Preweaning mortality， % b 11 .6 

Feed conversion rate for fattening pigs，' 3.1 

Body weight gain from 5 to 111 kg， kg 106.0 

Economical assumptions 

Total feed used per pig marketed， kg 328.6 

F巴edprice per kg， $' 0 . 40 

Feed costs for the gain per pig marketed， $ 131 .4 

Vaccines and veteriぉalytreatments per pig， $ 12.5 

Transportation and slaughter fees， $ 26. 8 

Utility cost per pig marketed， $ 10.9 

Labor cost per pig marketed， $ 10.0 

Market price per pig marketed， $d 307. 1 

M創セetprice per pig couected for fattening pig mortality (5.0%)， $ 291.7 

Value for a weaned pig， $' 100. 1 

Mating cost 

Pric巴sof a dose of sem巴nand a disposable catheter， $ 20.0 

Labor for insemination (12.6 min per insemiぉation)for sows 6.3 
f (hourly wage at $30)， $ゲ

Laboαr ‘for insemination (ρ21.9 min p巴αri凶nsemina剖tiぬon)for gilts 日1.0

(hour匂wagea従t$30め)，$f 

a One dollar ($US) was tr官atedequivalent to 100 Japanese yen. 

b This single value was obtained from a pr官viousreport [9]. 

'These values were obtained from a previous report [7]. 

d This averaged value was obtained flひmprevious reports [11]. 

'This value per pig weaned was estimated as the market price per pig ($291.7) minus 

the costs for feed ($131.4) and vaccines and treatments ($12.5)， transportation and 

slaughter fees ($26.8)， labor ($10.0) and utilities ($10.9) per pig marketed. 

fThe hourly wage was estimated to be $30， and mean time spent per animal to perform 

routine activities for gilts and sows was 21.9 min and 12.6 min， respectively [6]. 

1). No difference between double回 andtriple matings was found serviced sows， triple matings yielded a higher retum of $10 over 

in PBA for the first-serviced gilts. Triple-mated sows also had mating costs compared to double matings. Additionally， retums 

2.0% higher fatTOwing percentage and 0.2 more PBA than over mating costs for double matings were higher than those for 

double-mated sows (P< 0.05). ln the reservice group， there were triple matings in both reserviced gilts and sows (Table 4) 

no differences between the double蜘 andtriple matings for Fig. 1 presents the results of sensitivity analyses for the retums 

fauowing percentage and PBA in gilts and sows. per service for double matings obtained on varγing the fan'ow-

Table 2 Iists biological伊 andeconomical assumptions made for ing percentage between 81 and 87%. The fauowing percen-

the present study. We ca1culated the mark巴 priceper pig tage threshold valu巴sneeded for the retums of double matings 

marketed and the value per pig weaned to be $291.7 and $100.1， to surpass the retums of triple matings for gilts and sows were 

respectively. The mating costs per service for gilts and sows 82.4% and 84.5%， respectively. The retums for double matings 

were $31.0 and $26.3， respectively. surpassed the retums for triple matings as the fauowing percen-

Table 3 shows the values for income potentials ($US) for use tage in gilts and sows increased by 0.6 and 1.0%， respectively 

of 1，000 services for first-serviced gilts and sows. ln the first- Sensitivity analysis was not cauied out for the reserviced female 

serviced gilts， triple matings yielded a higher retum of $5 over category because no difference was detected between the mating 

mating costs compared to double matings. Likewise， in the first- frequency groups for any performance in this category. 
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Table 3 Economic returns for double-and triple matings for use of 1，000 services for gilts and sows to be first偏serviceda

Gilts Sows 

Number of matings Number 

Measurements Double Double 

Farrowing percentage， % 8l.8 85.0 83.5 85.5 

Number of farrowed females 818 850 835 855 

Pigs born alive per female 9.7 9.8 10.4 10.6 

Pigs weaned per female 8.6 8.7 9.2 9.4 

Total number ofpigs weaned in 1，000 services 7，035 7，395 7，682 8，037 

Value for a weaned pig， $ 100.1 100.1 100.1 100.1 

Total revenue from 1，000 services， $ 704，204 740，240 768，968 804，504 

恥1atingcost for 1，000 services， $ 62，000 93，000 52，600 78，900 

Return over mating cost per 1，000 services， $ 642，204 647，240 716，368 725，604 

Return over mating cost per first-s巴rvicedfemale， $ 642 647 716 726 

a Values for fatTOwing percentage and pigs born alive for double and triple matings employed in the pr巴sentstudy. 

Table 4 Economic returns for double-and triple matings for use of 100 ser円vicesfor reserviced gilts and sows returning to estrus' 

Gilts Sows 

Number Number 

お1easurements Double Double 

Farrowing percentage， % 66.1 63.6 68.2 64.8 

Number of fan'owed females 66 64 68 65 

Pigs born alive per reserviced female 9.6 9.7 10.6 10.7 

Pigs weaned per reserviced female 8.5 8.6 9.4 9.5 

Total number of pigs weaned in 100 services 561 550 639 618 

Value for a weaned pig， $ 100.1 100.1 100.1 100.1 

Total rev巴nuefrom 100 s巴rvices，$ 56，156 55，055 63，964 61，862 

Mating cost for 100 services， $ 6，200 9，300 5，260 7，890 

Return over mating cost per 100 services， $ 49，956 45，755 58，704 53，972 

Return over mating cost per reserviced f(巴male，$ 500 458 587 540 

'Values used for farrowing percentage and pigs born alive for double-and triple matings were from the present study. 

Discussion 

Our study shows that perfonning triple matings is a better 

procedure than double matings for maximizing farrowing 

percentage and PBA in the first-serviced gilts and sows， and is 

consistent with the previous studies conducted8.25.261. The triple 

matings may have more opportunities for mating within an 

optimal period of estrus than the double matings221. From the 

economical standpoint， the present study shows more profits are 

possible in triple matings than those in double matings-a find司

ing in agreement with a previous report using U.S.A. datalll. 

Meanwhile， in both reserviced gilts and sows， double matings are 

enough to optimize profitability， because no difference between 

double-and triple matings was found in the perfonnance 

outcomes. Additionally， the third mating during a late estrus or 

metestrus period resulted in suboptimal performancel81. Femal巴S

returning to estrus might have an optimal timing for mating which 

is not the same as that for・first嶋servicedfemales. R己serviced

females have shorter estrus duration-a major factor in ovulation 

timing-than females to be first嗣servic巴dI9.211.

Our sensitivity analyses indicated that employing double 

matings and increasing the farrowing percentage by only 1.0% 

improved the returns to over that obtained employing tripe 

matings. Costs of double matings are lower than those of triple 

matings inc1uding the costs of semen per dose， catheters and 

labor. Far刊 wingpercentages of 82.4 % for gilts and 84.5 % for 

sows when using double matings might be feasible targets for 

commercial herds. The published benchmark of farrowing per-
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Returns per firsトservicedfemale， $ 

800 

750 

700 

650 

600 

81 82 83 84 85 86 87 

Farrowing percentage， % 

Fig. 1 Returns per service for sows and gilts using double matings in relation to farrowing percentage 

centage for high-performing herds also was 85.7% 10). An 

accurate detection of an initial stage of the estrus p巴riodin sows 

is critical for estimating the moment of ovulation and for 

pinpointing the insemination町 thatcan result in improved 

farrowing percentage. Additional1y， the higher farrowing per-

centage achieved by improving mating techniques results in 

higher PBNO) 

In conc1usion今underthe conditions in the current study， it is 

best to optimize profitability by employing triple matings for the 

females to be first-serviced and double matings for the females 

retuming to estrus as is done in Japan. Additional1y， increasing 

fmTowing percentage and PBA by approximately 1.0% using 

double matings might improve the retums when triple matings 

are employed 

The limitations of the present study were that our cost 

calculation fOl‘mating frequency was based on AI costs using 

purchased semen， although the performance data inc1uded records 

performed by on-farm AI and natural matings. The higher costs 

ofl11ating would reduce the thresholds. Additional1y， as herd“to-

herd variation in production costs would be very large in Japan， 

our results may not be applicable to品11herds in that countrγ. 

Even with thes巴 limitations，we believe that the present study 

provides valuable inforl11atIon on the economics on mating 

frequ巴ncyfor producers and veterinarians. 
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原著

国内農場における繁殖雌豚への 21B1交配と 3囲交配の経済的利益の比較

高井康孝・佐々木羊介・織織雄三*

〒214-8571 神奈川県川崎市多摩区東三田 1-1-1.明治大学農学部

要旨

本研究では雌豚への l朗自種付け時と再種付け時での、

2回と 3回交自己の経済的な利益の比較を行った。繁殖成績

は117農場で、の 102，553種付け記録を利用した。発情時期

での l種付けには， 1盟以上の交配が行われている o 1種

付けあたりの費用と利益の経済モデルは，繁殖成績と経済

的な仮定の値で作られた。!1Jlt乳豚 l頭あたりの1illi格は.市
場価格から肥育コストである飼料費，ワクチン費，治療費，

居場までの運賃，屠場経費，労働費そして電気・水道・光

熱費を差し51いて推定された。感受性分1fTは， 2回交配に
おける分娩率を上げる中で， 3間交配による利益を追い抜

く関1fi立を決定するようにしてなされた。初[HJ種付けグルー

プでは， 3回交配された未経産豚と経産豚は 2間交配され

た未経産勝と経度JJ家より，分娩率も分娩JI寺生存産子数も上

連絡先:綴綴雄三*

明治大学農学部

〒214-8571 神奈川県川崎市多摩区東三田 1-1-1
T巴1:044-934-7156 ; Fax: 044-934-7902 
E-mail・koketOOl@ise.meリl.ac.Jp

閤っていた。再種付けグループでは，2問と 3回交配の間で，

分娩率も分娩l待生存産子数にも差はなかった。高It乳豚 1~J! 
あたりの価格は， 101.1ドルと推定された。初回種付けの

未経産豚と経産豚では， 3回交配における純利益が， 2回

交配を上回った。それで，利援を最大にするために， 日本

では初IJ[HJ種付けされる雌豚には3閤交配を，再発情したJItIt

勝には 2回交配を奨める O なお，感受性分析の結果は，生

産者が2[HJ交配で分娩王手を 1%上昇すれば， 2回交配によ

る利益が， 3回交配による利益を超えることを示唆してい

るO

キーワード.費用.経済モデル，農場マネジメント，交配

凶数
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