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Abstract:Rea l-time u ltrasound has been , and w ill continue to be, one of the most importan t too ls in
enhancing genetic improvemen t in theU. S. Recent advancements in the technology have allow ed ultra-

sound to be used in eva luating intramuscula r fa t in live animals. Toge therw ith o ther gene tic improve-

ment tools, ultrasound techno logy w ill o ffe r seedstock producers the opportun ity to se lect fo r improved
IMF in po ten tia l breeding stock rep lacements and hence speed gene tic prog ress for the imp rovement of

th is trai.t A fte r three gene ra tions o f se lec tion fo r IMF using rea l- time u ltrasound in an Iow a S tate Uni-

ve rsity study, the average EBV fo r se lect line p ig s is 0. 83% g rea te r than fo r contro l line pigs. Selection

for IMF has, how ever, resu lted in slightly mo re backfat and less loin muscle area, and a trend tow a rd

mo re days to 114 kg in the se lec t line compared to the con trol line. C arcass evalua tion o f a sample of

pigs from each litter ind ica ted a sim ilar increase in IMF , increase in backfat, and reduction in lo inmus-
cle area fo r select line pigs. No diffe rences we re found forHun terL

*
colo r, M inolta reflectance, and

ultimate pH.
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　　The goa l of any sw ine genetic improvemen t
program is rapid gene tic p rogress in econom ica l-
ly im portant traits. Two keys for significan t ge-
netic improvement are identification of which

traits are the most impo rtant and accurate re-
cords o f performance fo r those traits. T remen-
dous progress has beenm ade in the sw ine indus-
try in the reducing back fat and increasing lean

m eat percentage over the past decade. In recen t

years, meat quality traits have receivedm ore at-
ten tion and have become more important in

breeding programs.

Th is paper w ill describe rea l-tim e ultra-
sound technology and how it is used in sw ine ge-
netic improvem ent prog ram s. It w ill also de-
scribe the important characte ristics ofm eat qua l-
ity in pigs and their re levance to the industry.

F inally , the paperw ill address how real-time u l-
trasound can be used to measurem eat qua lity on

live pigs and how this technology can be applied

to the sw ine industry.

1　U ltrasound and its pr inciples

U ltrasound has been used extensively in the

sw ine industry to assess com position traits in live

pigs and carcasses and more recently, to esti-
m ate intramuscu lar fat con tent of the pork lo in.

A pplications o f the technology include genetic

selection, lean-grow th mode ling, body condition
scoring, and carcass m erit buying system s. The
ability of u ltrasound technicians to accurate ly

m easu re composition traits has allow ed the sw ine

industry tom ake significant progress in changing

the composition of breeding and m arke t sw ine.

The observed changes in composition are the re-
su lt of high-quality u ltrasound instrumen tation

and the technician training and certification

processes now available th rough the Na tiona l



Sw ine Improvemen tFederation.

U ltrasound technology for bio logical appli-
cationswas first introduced in the 1950's. Early
m achines utilized a sing le u ltrasound transducer

(A-mode ultrasound) em itting and rece iving a

single sound wave passed through anim al tissue.

The A-m ode dev ices reported a sing le location
estimate of fat and /ormuscle dep th at the desig-
nated anatom ica l loca tion. Technolog ica l ad-

vances expanded the capabilities of u ltrasound

m achines. M u ltiple transduce rsw ere arranged in

linear arrays allow ing tw o-dimensiona l images of
the interna l anatomy to be view ed on a v ideomo-
nitor. W ith tw o-dimensiona l u ltrasound im ages,

fat depth, muscle depth, muscle area, andmus-
cle circum ference are ab le to be m easured w ith

accuracy and repeatability. The enhanced m a-
chines are described as B-mode o r “ real-tim e”
ultrasound machines and are capable of provi-

ding well-defined im ages of anim al tissue. Since

the first commercial application of real-tim e u l-
trasound in the 1980s, accuracy of live anima l
estimates of backfat and lo in m uscle area have

been made and have enhanced gene tic improve-

m ent in these traits.

U ltrasound m achines em it high frequency

sound waves that are above the hum an audito ry

range ( 16 000 H z). The standard range of

sound transm ission fo r im aging bio logical tissue

is from 2 to 20 megahertz (MH z). A t low er

MH z, the degree of reso lu tion is much less de-
fined when com pared w ith highe r values, but the
depth of penetra tion is increased. A t higher

MH z, an increasing leve l of absorption by the

tissue allow s formo re precise reso lu tion but lim-
ited pene tration into the b iological tissue. Fre-
quencies be tw een 1 and 5 MH z are generally

used fo r live anim al evalua tion w ith 3. 0 to 3. 5

MH z most comm only used
[ 1]
.

Pu lses of ultrasound are produced in a

transducer by the vibra tions of p iezoe lectric

(pressure-e lectric) quartz crystals. These pu l-
ses are transm itted th rough a tissue until they

reach a tissue interface, such as betw een fat and

lean tissue. Because different tissues have dif-
fe rent acous tical p roperties, a portion of the

sound wave continues to penetrate the tissue

while some of the wave is reflected back to the

transducer. A t this poin t, the transducer acts as

a rece iver and the re flected waves produce me-
chanical energy as they strike and deform the pi-
ezoe lectric crystals. This energy is converted to

e lectrical ene rgy, processed, and d isp layed in

different form ats
[ 1]
.

W h ile there are m any d iffe rent types of u l-
trasonic instrumen ts on the marke t, they all op-
era te on the principle of sound waves creating an

echo when they hit a dense surface. In livestock,

the dense surfaces include the sk in, the mem-
brane between fat layers, them embrane be tw een
fat andmuscle, and the muscle and bone [ 2] .

W ith real-tim e ultrasound, a linear array of
several transducers is fired in succession, send-

ing sound waves into the tissue. These sound

waves interact, bo th constructively and destruc-
tively, to form patterns of energy w ithin the tis-
sue. By varying phases of the oscillation of the

crystals across the transducer, their energy is

steered into a described pattern. This technique

is used to focus the linear array transducers to

optim ize depth reso lution on reception o f the u l-
trasound signa ls. W ith an effective instrumen t

design, the B-mode system can be used to accu-

rately im age cross-sectiona l view s of a medium.
The disp lay form at for B-mode is a tw o-dimen-
siona l array of do ts (pixe ls). The position of

each pixe l on the screen is dete rm ined by the

time it takes for an echo to re turn to the trans-

ducer. The brightness of each do t is proportiona l

to the amp litude (or strength) o f the returning
echo

[ 1]
.

Real-time u ltrasound is a version of B-mode
ultrasound. W ith rea l-time, the display on the

screen is updated instantaneously and sequen-
tially to create a live im age of the tissue o f inter-
est (Fig. 1). The screen im age displays the sig-
na ls that are returned to the transduce r after en-
coun tering tissues w ith diffe rent acoustical prop-
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erties. Therefo re, the u ltrasound technician's
know ledge o f ana tomy, p roper placement of the
transducer and scanning of the an ima l, and a

tho rough understanding of how the image is crea-
ted contribute to a technician's ability to accu-

rately interpret an ultrasonic image.

Fig. 1 　 C ross-sectional real-time ultrasound image

taken be tw een the 10
th
and 11

th
ribs of the

live pig.

　　 Linear distance can be dete rm ined if the

ve locity o f sound in the medium is known (dis-
tance = time × ve locity ÷ 2). The ve locity of

sound w ill vary w ith the type and tempera tu re of

tissue. M os t real-time ultrasound scanners are

calibrated based on the velocity ofw ater at body

tempera tu re. It can be seen that this represents

an average value (Tab. 1)[ 1] .

Tab. 1　Speed of sound through biological tissues

tissue ve locity /(m s
-1
)

wa te r 1 500

skin 1 700

fa t 1 430

muscle 1 620

2 　Measuring backfat and loin

Muscle

　　Carcass and live anim al ultrasonicm easure-

m ents of fat thickness and lo in muscle area are

typ ica lly m easured betw een the 10
th
and 11

th

ribs. W hen comb ined in a prediction equation

w ith carcass or live weigh t, both m easuremen t

system s are accurate predictors of w eight and

(o r) percentage of lean in the pig. H owever,

proficiency in gathering the m easuremen ts has a

dram atic im pact on accuracy of lean prediction,

particularly fo r ultrasonic measurements. To be-

come a qualified ultrasound technician, know l-

edge of proper transducer location relative to an-

atom ical landm arks on and w ithin the pig and

the ability to in terpret ultrasonic images are es-

sentia.l To assess accuracy, live u ltrasound esti-

m ates of fat thickness and loin muscle area are

compared w ith a m easuremen t taken on the

carcass.

Fat thickness, measured betw een the 10
th

and 11
th
ribs, is the standard fo r technician certi-

fication by theN ational Sw ine Improvem entFed-

era tion (NSIF, 97). The N ISF G uide lines pre-

scribe that subcutaneous fat depth, including

sk in, is to be measured to the nearest 1. 27 mm

and the m easurement is to be taken at a poin t

one-half the distance along the longest axis of

the loin m uscle and perpendicu lar to the sk in

surface (F ig. 2). U ltrasound technicians shou ld

note that typical carcass measurem ents of ten th

rib backfat are taken at the 3 /4 distance aw ay

from the m edia l edge of the loin muscle (Fig.

3). The NSIF recomm endation form easuremen t

a t the one-half distance is two-fo ld:1) The abil-

ity to determ ine the one-half loca tion is easier

and more consistently m easured on the ultra-

sound image and carcass;2) The one-half dis-

tance corresponds to approx ima tely 5 cm off of

the do rsa lm idlinewh ich is the targe t location for

fatm easuremen ts taken when using sing le trans-

ducer, A-mode u ltrasound devices. W hile sligh t

variation in the m easurement of backfa t thick-

ness may occur betw een 1 /2 and 3 /4-point loca-

tions, the rank of anim als w ithin a g roup w ill no t

change ifmeasurem ents are taken at a consisten t

location across all anim als evaluated. A ll com-
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parisons o f ultrasound w ith carcass m easure-

m ents shou ld be taken at the correspond ing ana-

tom ical loca tion (Fig. 3).

Fig. 2　Measurement of fat th ickness on a rea l-time u l-

trasonic image obtained betw een the 10
th
and

11
th
ribs of the live p ig. Fat depth is measured

near them idd le o f the long axis o f the lo inmus-

cle and inc ludes the skin depth.

F ig. 3　 Illustration o f a cross-sectional v iew of the loin

muscle separated betw een the 10
th
and 11

th
ribs

and locations corresponding to 1 /2 and 3 /4-

po in t measu rement locations fo r fat thickness.

(The Ohio S tate University, 2003)

　　A ccuracy of ultrason icmeasurements of lo in

muscle area is mo re difficu lt than fat thickness

m easurements and is ve ry technician dependen.t

A ppropriate training and expe rience are necessa-

ry to overcom e the challenges represen ted in

m easurement of u ltrasonic loinmuscle area.

C ross-sectional area of the lo in muscle

( longissimus) is reco rded in square inches

(in2)o r square centime ters (cm2 ) on the ex-

posed loin surface be tw een the 10
th
and 11

th

ribs. An ultrasound image w ith the lo in musc le

traced is shown in Fig. 4 (un traced im age in

F ig. 2). The cross-sectiona l area is ca lculated

using built-in softw are or an ex terna l computer

w ith m easurement capab ilities. F ig. 5 indicates

the outline o f the cross-section o f lo inmuscle on

the carcass. Loin muscle area on the carcass

m ay be eitherm easured directly, using the p las-

tic grid, or indirectly by tracing the outline of

the loinmuscle on ace tate pape r and using a pla-

nim eter or plastic grid to determ ine area.

Fig. 4　Tracing of the loin muscle and location of the

fa tmeasurement on a rea l-time ultrasound im-

age taken betw een the 10
th
and 11

th
rib. (The

Ohio S tate Unive rsity, 1999)

Fig. 5　Tracing and grid p lacement fo rmeasuring loin

muscle area on the carcass between the 10
th

and 11
th
ribs. (The Ohio S tate Un iversity,

2003)

3　M eat quality

3. 1　Importance ofm eat quality

Ideal quality in fresh po rk can be defined
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as a combination o f traits that include appear-

ance, taste, nutritional value, and who lesome-

ness. Because o f differences in the variousm ar-

kets along the pork chain, the perception of “ i-

dea l” quality in pork products by the various

segm ents of the pork industry is no t necessarily

the same. Producers s trive to produce lean, high

yielding pork carcasses in a package tha t is prof-

itable to produce. Packers and retailers w ant a

product w ith h igh yields that is s table in co ld

storage and attractive in appearance. Tenderness

ranks high w ith pork loin consum ers whilew ater-

ho ld ing capacity is importan t to ham processors.

Consistency and un iform ity in quality o f the

product rece ived rank high for all segments of

the pork chain. Theword quality canmeanm an-

y th ings, butmost importantly, itmeans custom-

er satisfaction w ith pork products.

Inferiormusc le quality continues to be a se-

rious pork industry problem. The increased par-

ticipation inmerit buying programs by producers

has increased the emphasis g iven to leanness and

muscling in selection prog ram s of the seedstock

industry. Unfortunately, th is emphasis on lean-

ness has resu lted in a reduction in m eat quality

and eating qua lity traits o f pork. B reeders in

Denm ark have been ve ry successful in increasing

carcass lean, but now face the prob lem of reduced

eating qua lity. B ritish breeders have increased

carcass lean percent for over fifteen years, bu t

have also reduced intramuscular fat, a m easu re

ofmeat quality, below acceptab le leve ls.

Pork quality is influenced by numerous factors

including, but no t lim ited to, genetics, nutrition,

preslaughter handling, slaugh ter techniques,

m eat handling, and cook ing m ethods. Research

show s be tw een 10%-70% of the variation in

m eat quality can be a ttributed to genetics.

Objective measures ofm uscle quality traits

in the packing plan t at line speed are be ing eva l-

uated and, if found re liable, w ill lead to pricing

based on quality traits in addition to lean compo-

sition. Because of these potential price incen-

tives /discounts, packers, processors, and pro-

ducers are scramb ling to eva luate techno logy to

determ ine reliab le and inexpensive me thods to

assess qua lity differences.

3. 2　Selection for quality

Long-term prog ress o r improvement in mus-

cle quality traits is u ltimately the responsibility

of the seedstock supp lier. If se lection p rogress is

to be m ade and emphasis on the trait is to be

wo rthwhile, the fo llow ing criteria mus t be met:

 T raitmust be measurable (accurate ly).

 Traitmus t be under genetic contro l(her-

itability).

 Traitmust not have a significant negative

re lationship to o ther im portant p roduction and

qua lity traits.

 Tra it mus t be econom ically important to

the producer.

The follow ing traits are impo rtant quality

traits.

(1)Co lor:Ideal color in fresh pork is de-

scribed as reddish pink. Consum ers ob ject to

pork that is either too pa le or too dark. Abno r-

m ally palemuscles quick ly turn gray in the re tail

display case and often undergo considerab le

sh rink, resu lting in econom ic losses during pro-

cessing and dry tasting products after cooking.

Ex trem ely dark pork w ill generally have a shorter

shelf life because it is less acidic and therefo re

suppo rts bacterial grow th.

Co lor can be m easured ob jectively using a

M inolta Chrom ameter on the cut surface of the

lo inmuscle or other available muscle of the car-

cass after the surface has been allow ed to b loom.

Co lor m ay be expressed as M inolta ( norma l

range from 17 - 33) or H unter L* va lues (no r-

m al range from 30 - 60). Lower va lues are dar-
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ker and h igher numbers are paler, ligh ter co l-

ored mea.t Consumers prefer medium to darker

co lored mea.t

V isual co lor scores based on the NPPC

sca le o f 1 - 6 may a lso be used to estim ate co l-

or. NPPC va lues are:

 1=Pale, pinkish gray to wh ite;

 2=G rayish pink;

 3=Reddish pink;

 4=Dark reddish pink;

 5=Pu rp lish red;

 6=Dark purplish red.

These visua l co lor scores correspond to

Hun terL
*
values(1=61;2=55;3=49;4=

43;5=37;6=31).

(2)W ater ho lding capacity or drip loss:

W ater holding capacity is the ability of meat to

retain its w a ter during cu tting, heating, grind-

ing, and pressing. Th is trait is of g reat concern

to the entire indus try since pork w ith poor w ater

ho ld ing capacity o r high drip loss does no t ho ld a

cure and resu lts in reduced processing or cook-

ing y ie lds. In addition, it is objectionable to

consum ers who are concerned abou t excessive

purge, and the product dries excessively during

cooking. W ate r ho lding capacity is the amoun t

of exudate or moisture on the cut loin surface

and can be estimated using the K aufmann filter

paper method. A pre-weighed piece o f filter pa-

per is placed on the cut surface of the loin and

a llowed to absorb surface moisture. The filter

paper is then reweighed and the difference is the

amount o fm oisture taken up by the filter paper.

Lower numbers indica te less mo is tu re loss and

are mo re desirable due to their association w ith

higher va lue fo r all segments of the industry.

A v isual firmness sco re based on a simple

three-poin t scale may also be used to evaluate

pork (S=soft;F=firm;VF=very firm). Rat-

ings o f firm and very firm are most desirab le.

(3)U ltimate pH:A m easurement that is

high ly correlated to w ater holding capacity or

drip loss is pH or the acidity of the mea.t U lti-

m ate pH ism easured in the coo ler 24 hours after

slaughter by inserting a pH probe in to the pork

muscle. Lower pH values are related to greater

drip losses during further meat processing.

H igher pH values are m ore desirable because

they are associated w ith less drip loss, darker

co lor, m ore firmness, and increased tende rness

of the loin chop-all positive attribu tes. A lo in

pH value o f 5. 80 - 5. 85 or higher is generally

set as a desirable goal while numbers less than

5. 60 - 5. 65 are generally considered to be un-

desirable. Since variation in day to day plan t pH

valuesm ay ex ist, values shou ld be compared to

a plant standard o r average for the day of evalua-

tion.

(4) In tramuscular fat ( IMF):Th is trait

m ay also be called m arb ling or lipid conten.t It

is estimated using laboratory analysis of to tal lip-

id conten t of a lo in musc le sample. Som e m ar-

bling is necessary for a ju icy and flavorfu l

cooked produc.t C ooked pork w ithou t marbling

is usually dry and less flavorfu.l O n the o ther

hand, po rk w ith large amoun ts ofm arbling sup-

plies excess ca lories and is visually ob jectionab le

to consumers. Research resu lts indicate a m ini-

mum o f 2. 5% - 3. 5% IMF is needed for desira-

ble eating qua lity.

V isualmarb ling scores based on new NPPC

standards are also available. M arb ling scores

range from 1 - 10 and correspond to percent in-

tramuscu lar lipid conten.t Scores of 2 - 4 are

conside red desirable inm os t situa tions.

(5)Instron tenderness:Tenderness ism eas-

ured in the laboratory by aUniversal TestingM a-

chine using the s tar probe. It is exp ressed in kg

of pressu re needed to compress a cooked lo in

samp le. Less p ressure ( low er kg) m eans mo re
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tender cooked loin. Consumer prefe rence s tudies

indicate consumers are w illing to pay more for

pork w ith low er instron tenderness va lues.

(6)Sensory pane l scores:T rained senso ry

pane ls are used to evalua te palatability, often

expressed as tenderness, juiciness, chew iness,

and flavor. W hile these traits are generally low

in heritability, they do g ive an indication of the

traits that are impo rtant to consume rs. Senso ry

pane l sco res for tenderness and chew iness have a

strong corre lation w ith instron tenderness values

and juiciness scores have a strong relationsh ip

w ith intramuscular fat percentage.

4　Intramuscular fat

4. 1　Selection for in tramuscular fat

A s mentioned prev iously, emphasis placed

on lean, fast g row ing p igs over the past decade

has contribu ted to a genera l decline in pork

qua lity. Inferior quality problems cos t the indus-

try an es tim ated ＄90 m illion annua lly[ 3] , and

the incidence of pale, so ft, and exudative

(PSE) po rk has risen from 10. 0% to 15. 5%

betw een 1996 and 2003
[ 3, 4]

. F resh pork quality

has become important and has rece ived more at-

ten tion as producers and processors try to mee t

consum er demand for high qua lity, nutritious

products. M any different traits have been identi-

fied as indicators o f consumer acceptance of

fresh pork. These include co lor, firmness, pH ,

intramuscular fat pe rcentage (m arbling), water-

ho ld ing capacity, tenderness, juiciness, and

flavor. Each of these has been shown to be low

to m oderately heritable
[ 5, 6]

and to impact con-

sumer accep tance of fresh pork products. How-

ever, measuring these traits in the live anima l

has been difficul.t

Intramuscu lar fat percen tage is one of the

m eat quality traits which has the potential to be

m easured on the live anima l
[ 7 - 9] , and has favo r-

ab le genetic corre lations w ith m any other mea t

qua lity traits. G reater amounts of IMF have been

shown to positive ly impact sensory pane l traits

such as tende rness, juiciness, and flavor, along

w ithm echanicalmeasures of tenderness
[ 10 - 14]

.

4. 2　Prediction of intramuscular fat

(IMF)
Purebred Durocs (n =207) were used to

develop am odel to predict loin intram uscu lar fa t

percentage (PIMF) of the longissimusmuscle in

live p igs
[ 9]
. Purebred Durocs were utilized in

this study because they are known to offer the u-

nique combination of positive attributes for no t

on ly grow th and performance, bu t IMF as wel.l

A dditionally, it has been shown tha t variation

ex is ts in IMF m easures w ith in the Duroc breed.

A m inimum of four longitudinal, real-tim e ultra-

sound im ages were co llected 7 cm off-m idline

across the 10
th
- 13

th
ribs on the live anima l u-

sing an A loka 500V SSD ultrasound machine fit-

ted w ith a 3. 5MH z, 12. 5 cm linear-array trans-

ducer (Co rome trics M edical Sys tem s, Inc. ,

W allingford, CT). A trained technician used

texture ana lysis softw are to interpret the im ages

and produce 10 image param eters. Back fat and

lo in muscle area were measured from a cross-

sectiona l im age at the 10
th
rib. A fter harves t, a

slice from the 10
th
- 11

th
rib loin interface was

used to determ ine carcass lo in intram uscu lar fa t

percentage (C IMF) using the me thod o f B ligh

and Dyer
[ 15]
.

Them odel to pred ict lo in intramuscu lar fa t

percentage was deve loped using linear regression

analysis w ith C IMF as the dependent variab le.

Initial independen t variab les w ere off-tes t

we ight, live anima l ultrasonic 10
th
rib backfa t

and loinmuscle area, and the 10 image parame-

te rs. Independent variables w ere removed indi-

vidually until a ll variab les remaining were s ignif-

icant (P <0. 05). The final prediction mode l
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included live anim al ultrasound backfat and five

image param eters.

Mu ltiple coefficient of determ ination (R2 )

and roo tmean square error(RMSE) fo r the pre-

diction model w ere 0. 32 and 1. 02%, respec-

tively. A n independent data set of Duroc (n =

331) and Yorkshire (n =288) pigs from two

rep lications of the N ational Po rk Board's G enet-

ics of Lean E fficiency Pro jectw ere used formod-

e l va lidation. The product mom ent corre lation

and rank co rre lation coefficients between PIMF

and C IMF were 0. 60 and 0. 56, respectively, in

the Duroc popu lation. Duroc pigs provided the

best valida tion of the m ode.l This demonstrates

that real-time ultrasound image analysis can be

used to predict intramuscu lar fat percentage in

live sw ine.

4. 3　Selection for increased IM F

A se lection project to increase intramuscu-

lar fat percentage using real-tim e u ltrasound was

initiated at the B ilsland M emorial Sw ine B reed-

ing Farm at Iow a State Unive rsity in 1998. The

pro jectw as started by purchasing 40 Duroc gilts

from M idwest b reeders. Two generations of ran-

dom m ating using Duroc boars availab le at re-

gional boar studs were used to expand the popu-

lation, and to ensure that the popula tion repre-

sented the gene tic variability that w as currently

availab le in the Duroc breed. A base popu lation

of 56 littersw as p roduced in 2000. A tw eaning,

tw o boars in each litter w ere random ly se lected

to rem ain boars and a ll other boars in the litter

we re castrated. A t an averageweight of approxi-

m ate ly 114 kg, pigs w ere ultrason ica lly evalua-

ted w ith an A loka 500V SSD u ltrasoundmachine

fo r measurement of 10
th
rib off-m idline backfa t

depth and lo inmusc le area. A m inimum of four

long itudinal images were co llected 7 cm off-m id-

line across the 10
th
- 13

th
ribs. Predicted IMF

was determ ined by theme thod described in New-

com e t a l
[ 9]
.

A ll barrow s w ith in each litter mee ting the

m inimum weigh t requirement (> 98 kg) we re

harvested 5 days after scanning. If no barrow s

we re availab le, a random ly chosen gilt w as har-

vested. A fter harvest, a slice of the longissimus

muscle from the 10
th
- 11

th
rib inte rface was an-

a lyzed for carcass IM F as p reviously described
[ 15]
. In tota l, 379 p igs w ere scanned and 141

pigs harvested in the base population.

F rom the litters produced, litterm ate pairs

of gilts w ere random ly chosen to produce the

nex t generation. O ne g ilt in each litte rmate pair

w as assigned to the select line and the rem aining

litte rmate was assigned to the con trol line. L it-

te rmate gilts across both lines were mated to the

same boar (via natural m ating or artificial in-

sem ination) to maintain genetic ties betw een the

lines for production of generation 1. A tota l of

24 sires from 14 sire fam ilies w ere used to pro-

duce 50 contro l and 45 se lect line litters. A t

weaning, tw o boars in each litter w ere random ly

selected to rem ain boars and all othe r boars in

the litterw ere castrated. W hen generation 1 ani-

m als reached an ave rage of 114 kg, pigs we re

scanned and harvested acco rding to the pro toco l

previous ly described. In total, 324 and 283 p igs

from the contro l and se lect lines, respective ly,

were scanned. A tota l of 148 p igs (87 con tro l

and 61 se lect) from G eneration 1 were harvested.

B reeding va lues were estim ated for predic-

ted and carcass IMF by fitting a tw o-trait anim al

m odel and the full re lationship m atrix in

MATVEC
[ 16]
. Gene tic and environmental vari-

ances were es tim ated using pred icted and car-

cass IMF values from the 289 pigs harvested u-

sing the fo llow ingm ode l:y =Xb +Za +Hd

+β + e , where y = the vector of observa-

tions;b = the vector of fixed effects(scan con-

temporary group, harvest contemporary g roup,
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and sex), a = the vector of random additive ge-

netic effect, which includes the numerator rela-

tionship ma trix am ong anima ls;d = the vector

of common litter effects, wh ich is assum ed to be

uncorre lated w ith the random anima l effects, β

= covariate of off-test we ight, and e = the vec-

to r of residuals. The incidence matrices re lating

observa tions to fixed, random anima l, and com-

mon litter e ffects are X , Z , andH , respectively.

Se lection was based on EBV for carcass

IMF. In the select line, the 10 boars and 75

gilts w ith the highest EBV were selected. To

m inim ize inbreeding, nomore than two boars per

sire fam ily w ere se lected, selection of full-s ib

boars w as no t perm itted, and no more than four

gilts per litterw ere selected. In the con trol line,

one boar from each of the 14 sire fam ilies and 50

gilts representing all 14 sire fam ilies w ere ran-

dom ly selected. An im als w ith in each line we re

random ly mated to produce generation 2, bu t

m atings were designed to control inbreed ing and

ensure several litte rs from each selected boar.

In generation 2, 56 select and 36 contro l

line litters w ere produced. A t w eaning, three

boars in each select litter and two boars in each

con trol litter w ere random ly selected to rem ain

boars and all o ther boars in the litter w ere cas-

tra ted. W hen generation 2 anim als reached an

average of 114 kg, pigs w ere scanned and har-

vested according to the protoco l previously de-

scribed. A tota l of 614 pigs w ere scanned and

103 pigs from generation 2 were harvested. The

genetic evaluation described above was pe r-

fo rmed tom ake selections.

In generation 3, 54 select and 38 contro l

line litters w ere produced. A t w eaning, three

boars in each se lect litter and a m inimum o f six

boars in each contro l sire group were random ly

selected to rem ain boars and all other boars we re

castrated. P igs w ere again scanned and harves-

ted according to the protoco l previous ly de-

scribed. From G eneration 3, a tota l o f 626 p igs

we re scanned and 145 pigs w ere harvested for

carcass evaluation.

A fter three generations of selection, a tota l

of 217 contro l line and 182 select line pigs have

been harvested. Least squaresmeans for carcass

and quality traits w ere estimated using PROC

M IXED in SAS w ith am ode l that inc luded fixed

effects of line, generation, harvest group w ith in

generation, sex, and a linear covariate for car-

cassw eigh.t Sire and dam w ithin line were ran-

dom e ffects in them ode.l Results from this ana l-

ysis are presented in Tab. 2. P igs in the se lect

line had more (P < 0. 01) IMF (3. 94% vs.

3. 40%) than pigs eva luated from the contro l

line. D iffe rences betw een the lines for Hunter

L
*
color, M inolta reflectance, and u ltim ate pH

we re not significan.t Control pigs had signifi-

can tly less tenth rib backfat(20. 1mm vs. 22. 1

mm) and significantly mo re loin muscle area

(43. 3 cm2
vs. 41. 2 cm

2). There was a trend

fo r contro l line pigs to have less last rib backfa t

but the difference was no t significan.t

Tab. 2　Carcass and qua lity data from p igs harves-

ted in three generations from a se lection

project for intramuscular fat in Duroc

sw ine n =399

trait contro l se lec t P >F

ten th rib backfat /mm 20. 1 22. 1 <0. 001

last rib backfat /mm 23. 6 24. 9 N. S

loinmuscle area /cm
2 43. 3 41. 2 <0. 001

intramuscular fat /% 3. 40 3. 94 <0. 01

hun te rL
*
co lo r 48. 7 49. 4 N. S

m ino lta reflectance 23. 9 24. 5 N. S

ultima te pH 5. 82 5. 82 N. S

　　Tab le 3 g ives the results for the 626 p igs

scanned in G eneration 3. The average breeding

value for IMF for se lect line pigs after three gen-

era tions of se lection was 0. 81% compared to -

0. 02% fo r con trol line pigs. L ine comparisons
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fo r STAGES back fat, loin muscle area, and te r-

m inal sire index (STAGES, 2004) indicated a

significan t advan tage fo r control line pigs com-

pared to pigs in the select line. Control line p igs

a lso had an advantage in days to 114 kg (176. 5

vs. 180. 9), but the differencewas not significan.t

Tab. 3　EBV for intramuscular fat and STAGESa

data for Generation 3 pigs from a se lection

project for intramuscular fat in Duroc

sw ine n =626

trait contro l se lec t P >F

EBV for intramuscular

fat /%
-0. 02 0. 81 <0. 000 1

stages data
1)

　day s to 114 kg
176. 5 180. 9 N. S

　backfa t /mm 18. 3 20. 6 <0. 00 1

　 loin muscle area /cm
2 43. 0 40. 9 <0. 05

　Term ina l Sire index 111. 3 101. 2 <0. 000 1

　1)h ttp:/ /www. ansc. purdue. edu /stages /

5　Conclusions

A fter th ree generations of selection fo r IMF

using real-time ultrasound in an Iowa S tate Uni-

versity study, the average EBV fo r se lect line

pigs is 0. 83% g reater than for con trol line p igs.

Se lection for IMF has, however, resulted in

sligh tly more backfat and less loin muscle area,

and a trend toward more days to 114 kg in the

select line compared to the contro l line. Carcass

evaluation of a samp le o f pigs from each litter in-

dicated a sim ilar increase in IM F, increase in

backfat, and reduction in loin muscle area for

select line pigs. N o differences we re found for

Hun ter L
*
co lor, M ino lta re flectance, and u lti-

m ate pH.

Real-time u ltrasound has been, and w ill

con tinue to be, one of the most importan t tools

in enhancing genetic improvement in the U. S.

Recent advancements in the techno logy have a l-

low ed u ltrasound to be used in evalua ting intra-

muscular fat in live anima ls. Togetherw ith o ther

genetic improvement tools, ultrasound technolo-

gy w ill offer seedstock producers the opportunity

to select fo r improved IM F in po tential breeding

stock rep lacements and hence speed genetic pro-

gress for the improvement of th is trai.t
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译文

猪遗传改良计划中肉质测定和超声波技术的应用

Tom J. BAAS

(Depa rtm en t of Anim a l Science, Iow a Sta te University, USA)

摘要:实时超声波已经 、而且将继续是加快美国猪遗传改良最重要的工具. 最新的技术进展使我们能够对肌内脂肪

含量进行活体评估. 配合其他遗传改良手段 , 超声波技术可以使种猪生产者有机会对 IMF进行选择 , 从而加快该性

状的改良速度. 爱荷华州立大学利用实时超声波已经对 IMF进行了 3个世代的选择 , 选择系该性状的 EBV比对照

系高 0. 83%. 不过 ,对 IM F的选择使背膘厚略有上升 ,眼肌面积略有下降 , 达 114 kg日龄比对照系也有推迟的趋势.

从选择系每窝猪抽取的一组个体进行胴体评估 ,发现与对照组相比 , 选择系的 IM F略有上升 , 背膘厚增加 ,眼肌面积

下降。肉的 H un te rL*颜色值 、M ino lta反射值和最终 pH值则没有变化.

关键词:猪;肉质;肌内脂肪含量;超声波技术

　　任何猪遗传改良计划都是为了使经济上重要的

性状获得迅速的遗传改良 。要获得较高的遗传进展

有 2个关键因素 ,即确定哪些是最重要的性状和对

这些性状进行准确度量。在过去的几十年时间里 ,

养猪业在降低背膘厚和提高瘦肉率方面取得了巨大

进展。近年来 ,肉质性状受到更多关注 ,在育种计划

中变得更加重要 。

本文将介绍实时超声波技术及其如何在猪遗传

改良计划中运用 。此外 ,还将介绍猪肉品质的重要

特性及其与养猪业的关系 。最后将阐述怎样利用实

时超声波对猪活体进行猪肉品质的测定 ,以及该技

术如何在养猪业中应用。

1　超声波及其原理

养猪业中超声波已被广泛地用于活体和屠体组

成性状评估 ,最近还用于猪眼肌的肌内脂肪含量估

计 。此项技术可应用于遗传选择 、瘦肉生长拟合 、体

型评分和销售体系中胴体品质评价。超声波测定技

术员能够准确测定胴体组成性状的能力 ,为养猪业

在种猪和商品猪的胴体组成方面创造了获取更大的

遗传进展的条件 。在胴体组成上获得的可观进展得

益于高质量的超声波仪器和通过美国国家猪改良联

合会(NS IF)认证的熟练技术员 。

超声波技术应用于生物领域始于 20世纪 50年

代 。早期的超声波仪是利用一种单相的超声传感器

(A超 ),可以向动物组织发射和接受单向声波 ,可对

指定解剖部位的脂肪和肌肉厚度进行单点估计 。技

术的进步扩大了超声波仪的用途 ,把多重传感器组

成一个阵列 ,就可获得猪体解剖部位的二维扫描图

像 。通过荧屏中显示的二维图像 ,可以准确和重复

地测量出膘厚 、肌肉厚度 、肌肉面积和肌肉的周长 。

这种改进的超声波仪称做 B超或实时超声波 ,能非

常准确地得到动物组织图像 。实时超声波从 20世

纪 80年代商业应用以来 ,提高了背膘和眼肌面积活
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