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Extended Abstract

Background: With the increase in feed costs and the environmental impacts becoming more
apparent, the global population growing, and a greater focus on sustainability, methods for
improving the efficiency of converting feed into milk in dairy cows have become increasingly
important. An efficient cow is one that consumes less feed for the same amount of milk and milk
solids it produces, and remains healthy and fertile. This makes it possible to reduce costs without
reducing production. Through technological advances, accurate measurements of feed efficiency
traits, such as dry matter intake, body weight, residual feed intake, and milk composition, have
become readily available. Therefore, this study aimed to estimate the genetic parameters of the
feed efficiency trait and potential selection strategies for incorporating this economic trait into
breeding programs.

Methods: In the present study, 35,478 records of dry matter intake (DMI), 36,353 records of
energy-modified milk (ECM), 27,896 records of metabolic body weight (MBW), and 24,508
records of residual feed intake (RFI) from 5,123 first lactation Holstein cows from the National
Breeding Center during 2008 to 2018 were used. In addition, cows with a first calving age greater
than 40 months were excluded from the analysis. The pedigree file included information for up
to 10 generations for the phenotyped cows, resulting in a pedigree file with 9,471 animals, of
which 978 and 3,577 were sires and dams, respectively. Phenotypic data recorded from 5 to 305
DIM were used to create biweekly lactation (Bi-WL) groups by dividing DMI into 14 (total 21
Bi-WL classes). The main data were collected in the form of daily (DMI and MBW), weekly
(ECM and MBW) and monthly (MBW) records. Therefore, animals should have at least two
records for DMI, ECM and MBW in a given Bi-WL. Heritability, variance components and
genetic correlations between lactation weeks were calculated during the lactation period using a
random regression model. In order to estimate the covariance between traits, a two-trait random
regression animal model was used. Homogeneous residual variances were considered for the two-
trait analysis, to enable convergence of the results. Both single and two-trait models were
analyzed using the AIREML algorithm by WOMBAT. Also, correction values for the random
regression coefficients were implemented using the BLUP method by BLUPF90.

Results: Heritability estimates ranged from 0.17 to 0.41 for dry matter intake, 0.28 to 0.45 for
energy-corrected milk, 0.48 to 0.78 for metabolic body weight, and 0.1 to 0.2 for residual feed
intake. Heritability estimates for RFI were moderate, ranging from 0.2 in the first Bi-WL class to
0.13 in the last Bi-WL class with minimal heritability in Bi-WL classes 14 and 15 (0.1). Variation
between lactation stages for RFI was also observed. Genetic correlations for RFI ranged from
0.26 to 0.99. The lowest correlations were observed between mid-lactation (Bi-WL classes 5 to
11; approximately 70 to 154 DIM) and late lactation (Bi-WL classes 12 to 21; approximately 168
to 305 DIM). Intratrait genetic correlations were strongest between closely spaced weeks of
lactation for all traits studied. Genetic correlations between RFI and MBW ranged from 0.64 in
early lactation to -0.45 in late lactation. Analysis of the proportion of bulls sharing the top 10%
throughout lactation indicated that bulls with the highest ranking for RFI in mid-lactation were
likely to remain among the top bulls throughout the rest of lactation. Also, the post-peak lactation
period, i.e. days 140 to 226 of lactation (Bi-WL class 10 to 19), could be a good framework for
selecting for feed efficiency traits.

Conclusion: To assess the effects of DMI, ECM, and MBW when selecting for RFI, the mean
EBV for all traits was used, based on the top 10% of bulls for RFI. The EBV values from the top
10% of bulls for RFI were 2.79 standard deviations below the population mean, indicating that a
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reduction in RFI (increase in efficiency) would be expected in the population if these animals
were selected. Selection based on RFI favors animals with lower RFI values. Negative RFI values
indicate that the animal is consuming less feed than expected based on production and other
moderating factors. The estimated genetic correlations between traits over time suggest that
potentially different metabolic mechanisms are active between lactation stages. Given the changes
in these correlations over the lactation period, it is important to consider different lactation stages
separately and to model all traits simultaneously in a selection program. Understanding the
relationship between DMI, MBW, ECM, RFI and traits such as energy balance and body
condition score is important for an integrated and successful approach to breeding for FE traits.
Also, animals with high genetic potential for production tend to consume more feed to meet their
high production needs. The aim of addressing feed use inefficiency is a potential way to improve
farm efficiency while reducing producer costs.
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Table 1. Descriptive statistics for dry matter intake (DMI), energy corrected milk (ECM), metabolic body weight
(MBW) and residual feed intake (RFI) for first lactation

Cdo )95 5 olass Ollge olass oSSk 3, lsbusl Syl ol Sl
Trait Number of records Number of Animals Mean SD Minimum Maximum
DMI (kq) 35478 20.95 4.08 4.05 40.91
ECM (kg) 36353 4024 33.19 5.92 10.11 59.17
MBW(kg) 27896 3231 119.08 10.68 68.66 172.33
RFI(kg) 24508 3184 0 3.35 -18.90 17.28
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Figure 1. Heritabilities estimated for drgl matter intake (DMI), energy corrected milk (ECM), metabolic body weight

(MBW), and residual feed intake (RFI

over the lactation (Shadowing indicates the standard error of the estimates)
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Table 2. Variance components and heritability’s estimated for dry matter intake over the bi-weekly segments of

lactation

2 2 2 2 2 Bi-weekly
h % Te %pe %a Segment
0.28(0.04) 8.73(0.37 7.59(0.00) 1.74(0.28) 2.62(0.52 T
24(0.04 8.20(0.24 4:59(0.09 1.54(0.25 1,92(0.29
0.24(0.0 0(0.2 0.2 2(0.2 2
0.22(0.03 7.92(0.18 4:59(0.09 151(0.21 1.75(0.34 3
0.22(0.03) 8.11(0.25) 4.59(0.09) 1.67(0.19) 1.78(0.24) 4
0.23(0.03) 8.35(0.37) 4:59(0.09) 1.76(0.20) 1.82(0.22) 5
0.23(0.03) 8.89(0.18) 4:59(0.09) 2.08(0.22) 2.10(0.25) 6
0.24(0.03) 9.32(0.37) 459(0.09) 2.24(0.23) 2.28(0.26) 7
0.2550.03; 9.82(0.87) 4.59}0.093 2.4550.44; 2.4150.31; 8
0.24(0.03 10.11(0.93) 4:59(0.09 2.66(0.52 2.51(0.30 9
0.24(0.03) 10.28(0.94) 4.59(0.09) 2.87(0.67) 2.48(0.26) 10
0.20(0.03) 11.51(0.96) 6.12(0.11) 3.11(0.92) 2.35(0.32) 11
0.19(0.03) 11.72(0.98) 6.12(0.11) 3.36(0.97) 2.24(0.33) 12
0.18(0.03) 11.98(0.99) 6.12(0.11) 3.68(0.97) 2.15(0.26) 13
0.1750.03; 12.39&1.09 6.12}0.11; 4.1551.03; 2.1650.28; 14
0.18(0.03 13.32(1.37 6.12(0.11 476(1.23 2.37(0.40 15
0.21(0.03) 13.90(1.42) 5.32(0.15) 5.68(1.89) 2.78(0.52) 16
0.24(0.03) 16.12(2.01) 5.32(0.15) 6.83(2.25) 3.79(0.53) 17
0.28(0.03) 19.24(3.67) 5.32(0.11) 8.54(3.13) 5.36(0.89) 18
0.3250.03; 22.31%4.59% 5.32}0.113 10.7053.66; 7.65(2.40) 19
0.37(0.03 29.72(5.73 5.32(0.11 13.48(3.23 10.89(3.78) 20
0.41(0.03) 36.66(6.88) 5.32(0.11) 17.08(4.57) 15.31(4.52) 21
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Table 3. Variance components and heritability’s estimated for energy corrected milk over the bi-weekly segments of

lactation
h2 A 02 O5e o? Bi-weekly Segment
0.41(0.04) 33.26(3.87) 10.40(0.15) 9.52(1.28) 14.38(1.58) T
0.37(0.04) 30.75(3.12) 10.40(0.15) 8.67(1.09) 12.56(1.31) 2
0.34(0.03) 28.44(2.84) 10.40(0.15) 8.54(1.01) 9.49(1.11) 3
0.41(0.04) 27.25(2.37) 10.40(0.15) 8.48(1.28) 8.33(0.94) 4
0.30(0.04) 26.57(2.07) 10.40(0.15) 8.74(1.33) 7.39(0.83) 5
0.29(0.04) 23.67(1.94) 7.80(0.43) 9.02(1.47) 6.97(0.78) 6
0.28(0.04) 23.94(1.73) 7.80(0.43) 9.32(1.53) 6.80(0.67) 7
0.28(0.04) 24.32(1.98) 7.80(0.43) 9.69(1.62) 6.83(0.81) 8
0.28(0.04) 24.76(2.03) 7.80(0.43) 10.07(1.68) 6.94(0.88) 9
0.28(0.04) 25.21(2.21) 7.80(0.43) 10.31(1.73 7.11(0.91) 10
0.30(0.04) 24.11(1.85) 6.23(0.13) 10.53(1.82 7.28(0.93) 11
0.31(0.04) 24.37(1.92) 6.23(0.13) 10.69(1.85 7.45(0.93) 12
0.31(0.04) 24.63(1.95) 6.23(0.13) 10.78(1.87 7.61(0.95) 13
0.31(0.04) 24.88(1.97) 6.23(0.13) 10.83(1.92) 7.77(0.95) 14
0.32(0.04) 25.04(2.05) 6.23(0.13) 10.87(1.94) 7.98(0.98) 15
0.34(0.04) 24.54(2.12) 5.42(0.12) 10.90(1.96) 8.32(1.11) 16
0.35(0.04) 25.11(2.37) 5.42(0.12) 10.98(1.98) 8.79(1.31) 17
0.37(0.04) 26.07(2.97) 5.42(0.12) 11.19(2.12) 9,57(1.29) 18
0.39(0.04) 27.57(3.14) 5.42(0.12) 11.52(2.36) 10.73(1.67) 19
0.42(0.04) 29.83(3.48) 5.42(0.12) 12.21(2.74) 12.97(1.89) 20
0.45(0.04) 32.81(3.67) 5.42(0.12) 13.09(2.85) 14.73(2.36) 21
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Table 4. Variance components and heritability’s estimated for metabolic body weight over the bi-weekly segments of

lactation

h a7 a? 07, a? Bi-weekly Segment
0.54(0.03) 61.32(2.05) 16.67(0.42) 12.12(2.71) 32.57(3.72) 1
0.51(0.04) 58.20(1.73) 16.67(0.42) 11.85(2.32) 30.84(3.21) 2
0.50(0.04) 57.08(1.52) 16.67(0.42) 11.98(2.09) 28.32(2.84) 3
0.50(0.03) 57.43(1.44) 16.67(0.42) 12.24(1.91) 28.53(2.66) 4
0.50(0.03) 58.66(1.39) 16.67(0.42) 12.67(1.88) 29.26(2.57) 5
0.53(0.04) 59.57(1.48) 14.84(0.25) 13.12(1.89) 30.51(2.68) 6
0.53(0.04) 60.50(1.54) 14.84(0.25) 13.71(2.03) 31.87(2.71) 7
0.53(0.04) 62.25(1.60) 14.84(0.25) 14.36(2.13) 33.16(2.88) 8
0.53(0.04) 64.64(1.67) 14.84(0.25) 15.06(2.25) 34.23(3.11) 9
0.53(0.04) 65.87(1.83) 14.84(0.25) 15.78(2.38) 35.10(3.79) 10
0.48(0.04) 74.42(1.83) 22.10(0.49) 16.48(2.50) 35.84(4.36) 11
0.48(0.04) 75.79(1.93) 22.10(0.49) 17.20(2.73) 36.60(4.74) 12
0.49(0.04) 77.60(2.09) 22.10(0.49) 17.68(3.10) 37.64(4.86) 13
0.49(0.04) 79.88(2.23) 22.10(0.49) 18.53(3.52) 39.41(4.97) 14
0.51(0.04) 82.86(2.66) 22.10(0.49) 19.14(4.21) 42.13(5.04) 15
0.61(0.05) 76.42(2.88) 10.58(0.33) 19.63(4.89) 46.27(5.14) 16
0.63(0.05) 83.33(3.57) 10.58(0.33) 19.87(6.22) 52.83(5.62) 17
0.66(0.08) 92.11(4.39) 10.58(0.33) 20.32(7.31) 62.25(5.83) 18
0.72(0.08) 99.86(5.88) 10.58(0.33) 20.57(7.42) 74.34(5.97) 19
0. 7450 09; 115.42}7.413 10.58}0.333 20.6657.44% 92.49(6.13) 20
0.78(0.09 137.97(9.15 10.58(0.33 20.73(7.53 115.94(6.88) 21
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Table 5. Variance components and heritability’s estimated for residual feed intakeover the bi-weekly segments of

lactation
h a? a? ope a? Bi-weekly Segment
0.20(0.04) 8§23(057) 4.29(0.08) 211(0.89) 1.52(0.57) i
0.17(0.04) 7.37(0.47) 4.49(0.08) 1.76(0.48) 1.23(0.52) 2
0.14(0.04) 6.98(0.32) 4.49(0.08) 1.47(0.39) 0.98(0.44) 3
0.12(0.03) 6.78(0.30) 4.49(0.08) 1.44(0.36) 0.85(0.43) 4
0.12(0.03) 6.81(0.32) 4.49(0.08) 1.52(0.38) 0.82(0.42) 5
0.1250.03; 7.03§0.45; 4.49€0.08; 1.6150.39% 0.8350.433 6
0.12(0.03 7.12(0.47 4.49(0.08 1.70(0.39 0.87(0.45 7
0.13(0.03) 7.23(0.49) 4.49(0.08) 1.75(0.40) 0.92(0.44) 8
0.13(0.03) 7.29(0.50) 4.49(0.08) 1.78(0.41) 0.96(0.44) 9
0.13(0.03) 7.34(0.51) 4.49(0.08) 1.79(0.41) 0.98(0.44) 10
0.11(0.02) 8.82(0.54) 6.05(0.13) 1.83(0.43) 0.99(0.45) 11
0.1150.02; 8.93€0.56; 6.05€0.13; 1.9350.45% 0.9950.453 12
0.11(0.02 9.16(0.58 6.05(0.13 2.17(0.88 0.98(0.44 13
0.10(0.02) 9.65(0.62) 6.05(0.13) 2.63(0.92) 0.99(0.45) 14
0.10(0.02) 10.44(0.65) 6.05(0.13) 3.42(1.03) 1.05(0.51) 15
0.11(0.02) 10.77(0.77) 5.01(0.24) 4.65(1.14) 1.15(1.53) 16
0.11(0.04) 12.82(0.89) 5.01(0.24) 6.45(1.22) 1.36(1.55) 17
0.1150.04; 15.74€0.98 5.01§0.24; 8.93(1.79) 1.7051.79; 18
0.11(0.05 19.70(1.38 5.01(0.24 12.45(2.39) 2.24(2.14 19
0.12(0.05) 26.65(1.97) 5.01(0.24) 17.14(2.67) 3.15(2.85) 20
0.13(0.05) 30.98(2.32) 5.01(0.24) 23.83(4.13) 4.27(3.09) 21
Bi- VY _oMS) 25,5 315l o (DIM VOF V- Ly i 455 (Susad 39l 2

ol Y oY JSis 5 (DIM Y- aL\FAL;)oS‘Y\LWL
Sl DML i)l (S5 (ol Siaunod Gl 00 00l
Dgr yised (S S 4 S Bi-WL sla oM

Olgeds) oo 5l 9o sloatin gl =+ /Y (o o S e
vy U»MS (DIM VY L.;)m 5 Bi- WL A u»Mf Ju
(DIM AA LAY L..,)o.';‘BI -WL v FU»MSMM) Rl

S Cadus S Sygd B yinoe &S ol oaid dlgaiuiy
(Lietal., 2018) cowl 25, calieo Jolyo j> cuglate
0393yl ) 33 (S5elom slogSl ) oLl 4l
St SlysS el b dle glagls > (2o b
Ay St opl 3 ooy Job 5> (S
Bi-WL \ M) 2355 0y95 Llsl 5 DMI &l yois
A B Bi-WL & M) Lalsl (DIM 0% b 0 Ly 5 F



\A4

Bl Cols S g Jlgd chow Jlo gy o Loy e ppigs e aabls

VEV/F o)l /o233l Jlo (ool clidos sla yimgs

N )9 ul).tw S el P &S L’)g.] 4 d>gi ‘de;"l
FE 590 > (plassly silgie (235 0)93 Jsb
il 4l Gllgs 5 Slas 5 cwodlo

2 Slaus g odis 3)9Tﬁ ol 8l (S5 o Sweds
L b_w’w ek &yl 38 ‘Um),_w Dolol (ECM)
o35 5500 Glalllas jo o 2oy b Bl b lawlgl j3 05
Li et al., 2018; Krattenmacher et al., ) cwl oo
Sl oo By bilol )5 s sl S uuson (2019
el e Wi gl Slygs Byme Lo el pae Jday
0y9d by iy L yige8 Cuto la S e 4 I8!
Liinamo et ) sg lojen S oo 0390y Iy g5 Lslas
el sdaliie sl S oyl pogMe .(al., 2012
ECM il58l glyp bl a8 aas o oyl (2050 il
Jecepl bcsh asles RFE g DMI 5 (S 68 yuss
e 2y Jilol 3> 05940 DMI Linl38l oy sdgs il 33l
Lietal,) o) o 01y ot g5l Jols ioljel Jawilsy
ol sllasli il gl (o5, ate Joles oy w8 (2018
Sl (6595l 9 Cods s bgapo Ll oy Fiaee 45 310
2y blol 33 cpluly .(Banos and Coffey, 2010)
g5 Gl g ST 03jl dgn sl Sl 5l (s
Dgd (5400395 i

2 yii ECM g MBW o (S (S iod
ooyt |y 2oy b 0yed Jobo 3 (g5 (awass
s MBW o S55 (Siamed cdalllas opl 0 a2 0
Cato (Siuod jl a8 g yuxio —+/-A i +/F ;IECM
s (Lietal, 2018) ,g Q;JPUAA).._M:
Cudyls ge by olagls cwmd o lis a8 o) o)l5S
G g Wyl (23 Blol 53 b Mgl i

odaliio uxid e (lo Siwad Cuomo 4 b S
2 Oles oS dad (Ll cewl Sen ddlllas (ol j3 0a i
o5 0js ol o) i (B sdm Sy
b 1S 0 A5 105 S 0

0)50 Jsb ;> MBW 4 DMI oy (S5 (S add
=YY G gl p3 /Y8 3l o Sisad 390 Cglie (2 pudd
O ol boyds (g6 S g purie (23 b Blgl o
2 15 5l &S Wi ssalie MBW g RFI (S5 (S
ladlas 3 g yuio b B9l )5 —+/FO L Ll
s 55 332 ORI el o (s (i
Hittmann et al., ) <l sa s (5,155 235 09
Manzanilla-) .),Sen 5 o W5l a5 Jls )5 (2009
{Li et al., 2018) J,Ken 5 J 4 (Pech et al., 2014
ladion Ciia) 2o d blgl 0 1) Sien op i
OIS (5235 0)93 Jsbo 3 b (Siwran JLalS g (V5 ¥
O3l a8 amd oyl b Siod )0 Glyuss ol s S

Loyl o sl o 55 (o Sarats dglio plSin 39 it

Nrad (235 0)93 Jsb )3 €8 b (2303 Bl
Aol B Llgl 5l (S5 (Kicaron S22 (pl 8l il
(e b pio 4y SO (K] (Siurad 03294 ¢330
tLietal, 2018) conl oid 5,155 55y bl )
o) j adlas ol b .(Manzanilla-Pech et al., 2014
wylate (S} Cho S5 DML oS 1S o coles porae
ol (234 aliseo o140 5o
w3y Giliee Jnlpe e Slyses DMI o

FRFL ey (K555 elbSiuman 15 oanlie jRF
bwlgl oy M oS D pie +[A L 4/VE
5 (DIM Y 5 V-Ty &5 Bi-WL VY b0 [oMS) 23,05
U VSA Loy (BI-WL YV VY oMS) o, ,34l
b el ol (cladllas ;5 0 sanl_ie (DIM Y2
P S Sioan g 2 sl 3 (S son 5 5aS
Liinamo et al., ) cosl osis ()35 (b (cdn oy
.(Alijani, 2015 2015

steliie £95 ECM (gl (S (Sasod sl (e5S
d.;L...wo L.:)_Q; ‘_;m).\_m 0)93 )_ml)_.» BEl I))) il DMI l)
BIWL T 5\ (o35 bls) o +VA ) o Sio 395
YA LY oMS) o3y 50l o (DIM 05 L d Ly,is
o oM oy +/A L (DIM ¥+0 b VA L 5 Bi-WL
(P ol o cS b g e S5 BIi-WL
@ (23— Bl g Lilgl e éw) S (53 lee
@)MJ)MS I as wdly Lials </oF
aL.J)DJ) Bi-WL V¥ g Jol (oS oy /YA 00 sdaliin
Lietal,) o hsen 5 J addllas 3 .04 (DIM VA5 U
o3y 551l g Lilgl et (+10) Lawssio  Siaan (2018
Krattenmacher et al., ) OHed 5 y2eiil)S adlllas ) g
O e yieS lsisds o /08 S sen (2019
ol 53,5 )5S e gl b sl )5 baasian plas
dolio b g 03,8 yueis ECM 465 o Cal oo o
Caun opl &S Sloj s din 15 )b byl as s calises
Sbasely g e 9B o0 (b))l (B3 09> Jsb 1
ablsy Sy 035k g e M5 gm0 (sl CBRE )3 (oo
v

dunlio > (B 0y50 Job )0 MBW ECM 4l

S ot S g5 S an DMI L
L /YA G (20— iz s lye oy MBW (S35
Q»Mf O ( /YJA) odu odaliio M Jﬂ]» D90 * /A%
15 ol b 3550, (DIM RS b 0 Ly i) BI-WL V¥ 4 sl
P MBW o ) b g oty Sllllae o ol Jls
(Lietal., 2018) o, Kon 5 J adllas ;> 3535y 48,5 L5
Sy (Siwen 05,55l plgisa BEWL (o (Sien
AIVE ) i bl ECMg DMI L delie 55 585 359
G o 09> o 5o il o3 bolis (ol
S5 Stsed s> MBW & ol j1 sl oa
4 5 ol (3 s 5 (558 B aagio b
Loojli oy b Jsb 10 DMI silen susie (5503l



Bzl Colin Cuaxi g Jlgs i Jloz (o 3 o Loy ey Mo aobold

YA G sl y3 Bolas yga )5y Jbo 3l odlizanl b STyg 035h cuduo (S5 (sl yial )by 3,9 0

J>lye 85 Cl e (23308 093 Jsb )3 b Sisen
S 9 Syl o dlslin jebarl) oy 5 il
il Jdo 3)ly Jlojer jobay |y Glais den bl dols
Sl 5 RFI 5 ECM MBW DMI sy, abasly 5o
3509y Sa slp o Candy el 5 3l ol o

el oo FE o dlpdlol caa (3990 9 42)LS%

MBWogite G (5235 gl Jolye )3 STyos 8o
2 e sbasely casl (San Lol gub o (B pd ilgl )

Sl LBl 0y gdm Jolye
(s9lite 09l (Sglie (slapunilSo & am3 0 (LS lo
Manzanilla-Pech et ) s b 20,0d Jolpe oy

o) Olss 4o 4ag U (al, 2014; Li et al., 2018

A) B)
1 1
0.6 0.6
L 0.2 0.2
= 2
A 3]
0.2 -0.2
-0.6 -0.6
-1 -1
0) D)
1 1
0.6 0.6
= 02 4y 0.2
0.2 -0.2
06 -0.6

5
ok Sdolie 59 (C (ECM) (5551 b odd pusas i (B ((DMI) Sid odlo Byumn (A Lo 31> S (Sianson =V IS0
23y 0593 Jobo 33 (RFI) osledl Sy55 8 pune (D 5 (MBW)

Figure 2. Heat map of within-trait genetic correlations for: A) dry matter intake (DMI); B) energy corrected milk
(ECM); C) metabolic body weight (MBW); and D) residual feed intake (RFI) over the lactation days
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Figure 3. Heat map of genetic correlations between traits for: A) dry matter intake (DMI); B) energy corrected milk
(ECM); C) metabolic body weight (MBW); and D) residual feed intake (RFI) over the lactation days
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Figure 4.The proportion of top 10% bulls in common across the lactation (10% bulls ranked for residual feed intake)
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standard error of the mean estimates)
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