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Abstract

Databases were constructed to determine ME requirements for maintenangg §MEBW gain (ME) of preweaning,
growing and mature goats by regressing ME intake (MEI) against ADG. Goats were categorized as dairy, 50&aBper)
or indigenous biotypes. The preweaning database included 98 treatment means representing 1016 goats and the growing goa
database consisted of 333 treatment means. Because of differences among biotypes of growing goats in intercepts and slope:
(P < 0.05), separate regressions were performed. The meat subset included 60 observations from 11 publications, representing
548 goats; the dairy subset had 116 observations from 25 publications with 1851 goats; and the indigenous subset consisted
of 157 observations from 34 publications and 1024 goats. Dairy and indigenous subsets were randomly split into independent
sets for equation development and evaluation. The mature goat database included 69 treatment means from 23 publications
and represented 495 goats. Small numbers of observations removed after initial regressions to improve fit did not markedly
alter intercepts or slopes. Equations were as follows: preweaning: MEI (kJ/RfBW 484.6 (S.E= 61.46)+ (13.37[S.E.
= 1.95] x ADG [g/kg BW®79]) (n = 61; R2 = 0.44); meat: MEI (kJ/kg BW'®) = 457.0 (S.E= 22.30)+ (25.23 [S.E.
= 1.74] x ADG [g/lkg BW®75)) (n = 57; R? = 0.79); dairy: MEI (kJ/kg BW7%) = 573.7 (S.E= 46.20)+ (23.56 [S.E.
= 3.10]x ADG [g/kg BW®7%]) (n= 56;R? = 0.52); indigenous: MEI (kJ/kg B#'®) = 500.0 (S.E= 11.94)+ (18.59[S.E.
= 1.64]x ADG [g/kg BW?73]) (n= 76;R2 = 0.63); and mature: MEI (kJ/kg BWV®) = 462.2 (S.E= 24.95)+ (28.52 (S.E.
= 5.05) x ADG [g/kg BWC79]) [n = 69; R? = 0.32]. Intercepts and slopes from regressions of observed against predicted
MEI with evaluation data sets, based on equations for preweaning and growing dairy and indigenous goats, were not different
from O to 1, respectively. When final equations for the different growing goat biotypes were tested, the intercept for dairy
goats differedP < 0.05) from that of meat and indigenous goats, and the slope for indigenous goats erd€dlp) to
differ from that of meat and dairy goats. Therefore, the following dummy variable equation was obtaiaetlfor dairy and
0 for othersj, = 1 for indigenous and 0 for others): MEI (kJ/kg BW?) = 488.5 (S.E= 14.4)+ (91.5 (S.E= 18.69)x |1)
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+ (23.09 (S.E= 1.24)x ADG [g/kg BWC79]) — (3.28 (S.E= 1.98) x ADG [g/kg BW®"3] x I,) [n= 189;R? = 0.74]. In
summary, based on treatment mean observations from available publications and regression of MEI against Ald&s ME
485, 489, 580, 489 and 462 kJ/kg BV, and ME; was 13.4, 23.1, 23.1, 19.8 and 28.5kJ/g ADG for preweaning, growing
meat, growing dairy, growing indigenous and mature goats, respectively.

© 2004 Elsevier B.V. All rights reserved.

Keywords:Goat; Energy requirement; Maintenance; Growth

1. Introduction gan energy use in full-fed versus fasted animals. One
additional consideration for use of BW change and
Respiration calorimetry, both in fed and fasted regression analyses to determine energy and nutrient
states, and comparative slaughter have frequently beenrequirements is that many publications are available
used to assess the energy requirements of livestock.compared with calorimetry and comparative slaughter
These methods have high equipment, facility, labor experiments, thereby allowing the evaluation of such
and(or) analytical costs, and respiration calorime- factors as animal breed or biotype and age. Breed and
try requires unnatural conditions for measurement. age of other ruminant species have been shown to af-
For comparative slaughter, a constant rate of energy fect energy requirementS\ebster et al., 1974, Tyrrell
retention between slaughter points is assumed. Fur-and Moe, 1980; Moe, 1981; Kirkland and Gordon,
thermore, energy requirement estimates from these 1999.
methods can differ because of factors including length ~ The ME requirement for maintenance (IME of
of the measurement period and potential interactions goats fromNRC (1981)of 424.2kJ/kg BV} was
among factors such as dietary characteristics, level obtained by averaging values in 10 publications from
of feed intake, stress and environmental conditions 1950 to 1980. Similarly, theNRC (1981) ME re-
(Geay, 1984; Beever et al., 1988; Unsworth et al., quirement for growth (Mg 30.3kJ/g ADG, with a
1991). coefficient of variation of over 30%) was based on
Another common method of assessing energy re- three experimental values, published in 1967, 1974
quirements is use of BW change or gain as an in- and 1979.AFRC (1998)presented a M estimate
direct measure of energy retention, with regression of 438 kJ/kg BW-"®, which was derived by averaging
analysis Onwuka and Akinsoyinu, 1989; Zemmelink values from 17 publications from 1960 to 1990; val-
et al., 1991; Pralomkarn et al., 1995; Early et al., ues were obtained from both estimates of fasting heat
2007). Disadvantages of this method include the as- production and efficiency of ME use for maintenance
sumption of a constant energy concentration in BW derived from metabolizability of the diet and feeding

gain or loss cDonald et al., 1977and the possi- trials where ME intake and retained energy or BW
ble effects of differences in gut digesta fill on BW gain were measured. Because such recommendations
measurementsRphr and Daenicke, 1984Nonethe- are not based on a large amount of data and because

less, the accuracy of BW measurement can be high, MEm might vary among different ages and biotypes
facilitating use of ADG as an independent variable. of goats, the current study was performed to use avail-
Another advantage of using BW gain is that measure- able research publications to estimate M&nd ME,
ments can be obtained under fairly typical production of preweaning, growing and mature goats classed as
conditions (e.g., ad libitum feed intake), which also dairy, meat & 50% Boer) or indigenous biotypes.
might minimize variability in energy concentration in

tissue gain l(ofgreen, 196%and gut digesta fill\{an

Soest, 199% FurthermoreKirkpatrick et al. (1997) 2. Materials and methods

suggested that maintenance energy requirements of

ARC (1980) AFRC (1993)andAFRC (1998)derived 2.1. ME intake derivation

from fasted animals are likely underestimated because

of differences in metabolic activity of tissues between  ME intake (MEI) was either reported or calculated
fed and fasted states, specifically greater visceral or- from information presented in publications used in this



J. Luo et al./Small Ruminant Research 53 (2004) 231-252

study. There were three origins of MEI: (1) reported in
the publication based on a determination of digestibil-
ity or metabolizability; (2) reported in the publication
by original author(s) based on calculation from dietary
proportions of individual feedstuffs and their ME con-

233

were seven breeds and three crossbreeds, categorized
as: dairy (e.g., Saanen, Alpine, Damascus, Norwegian,
Swedish Landrace and dairy crossbred), meab@%

Boer) and indigenous (neither dairy nor meat; not in-
cluding Angora). However, the great majority (i.e., 83)

centrations; (3) calculated for the present study based of treatment mean observations was for dairy goats.

on dietary proportions of individual feedstuffs and
their ME concentrations first froMIRC (1981) and
then if not available frorNRC (1984, 1985)0f the

Using PROC GLM of SAS (1990) differences
among biotypes in intercepts and slopes of regres-
sions of MEI against ADG were tested by analysis

512 treatment mean observations used in this study, of covariance $nedecor and Cochran, 197®iffer-
189, 160 and 163 were obtained via methods 1, 2 and ences were not significan® (= 0.87); therefore, data
3, respectively. for the various biotypes were combined.

In order to evaluate regression models, databases of-
ten are split into independent subsets for equation de-
velopment and evaluation according to characteristics

This database was compiled from 15 publications of the database. It is desirable to split by publication or
(Table I Appendix A) involving 98 treatment means  referenceNloore et al., 1998 however, because of the
from a total of 1016 preweaning goats. For use in relatively small number of references in the prewean-
this study, publications either reported or had informa- ing database, it was not possible to split by reference
tion necessary to calculate ADG and mean BW. Ex- into homogeneous subsets. Therefore, treatment mean
periments were conducted under confined conditions, observations were used as the basis of splitting by as-
with kids receiving goat milk, cow milk or milk re-  signing each a random number to separate into de-
placer, plus in some instances limited amounts of dry velopment and evaluation subselontgomery and
feeds. The length of experiments ranged from 21 to Peck, 1982 Data in the two subsets were made as
106 days, except for one experiment lasting 7 days homogeneous as possible for the most important vari-
with eight observations. Deletion of these eight treat- ables (i.e., MEI, ADG and mean BW) by exchange
ment means did not affect the intercept £ 0.98) of a small number of observations. Mean, minimum
or slope P = 0.99) of equations from regressions of and maximum values for most variables were similar
MEI against ADG; thus, all observations were used in (Table 2, although the range in MEI of the develop-
the regression analysis. Because of the large numberment subset was slightly greater than of the evalua-
of genotypes in the database and in some cases fairlytion subset. MEI was regressed against ADG using
general descriptions, it was not possible to investigate PROC REG oSAS (1990) with both variables scaled
potential genotype differences. Rather, goats were cat-by BW?7> to account for differences among breeds
egorized into different biotypes regarding previous de- and biotypes caused by differences in metabolic size
gree of selection for specific production characteristics (Pralomkarn et al., 1995With this and all other data
that conceivably could impact nutritional needs. There sets, quadratic and cubic effects of ADG were checked

2.2. Preweaning database

Table 1

Summary of database for prediction of ME requirements for maintenance and gain of preweaning goats

Variable n Mean S.D. Minimum Maximum
Mean BW (kg) 98 7.73 3.091 2.28 21.80
DM intake (kg/day) 98 0.213 0.9608 0.065 0.555
CP (% DM) 95 26.1 7.80 18.7 55.0
Forage (%) 98 1.19 3.115 0 19.90
ME intake (MJ/day) 98 4.13 1.675 1.33 9.20
ME intake (MJ/(BW-75 x day)) 98 0.890 0.2059 0.372 1.467
BW gain (g/day) 98 139 63.6 -71 272

BW gain (g/(BW7® x day)) 98 30.0 9.52 -13.1 48.3
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Table 2
Summary of development and evaluation database subsets for prediction of ME requirements for maintenance and gain of preweaning goat:
Variable Development set Evaluation set
n Mean S.D. Minimum  Maximum n Mean S.D. Minimum  Maximum

Mean BW (kg) 62 7.88 3.342 2.28 21.80 36 7.48 2.628 2.43 12.90
DM intake (kg/day) 62 0.217 0.1011 0.065 0.555 36 0.207 0.0878 0.069 0.455
CP (% DM) 60 26.1 8.10 18.7 55.0 35 26.1 7.38 19.3 55.0
Forage (% of DM) 62 1.27 3.395 0 19.90 36 1.06 2.602 0 10.70
ME intake

MJ/day 62 4.19 1.032 1.75 6.90 36 4.01 0.826 2.44 5.99

MJ/(day x kg BWO-75) 62 0.891 0.2200 0.372 1.467 36 0.887 0.1826 0.538 1.324
ADG (g) 62 138 65.1 -71 248 36 140 61.8 33 272
ADG (g/kg BWP-75) 62 298 10.32 -13.1 48.3 3 303 8.11 9.1 47.3

and found to be nonsignificanP (> 0.38). For this cepts P < 0.01) and slopes( < 0.05); hence, sepa-
and other regressions, the residual (difference betweenrate regressions were computed for the three biotypes.
actual and predicted values) for each observation was The subset for meat goats included 60 treatment
compared with various multiples of the residual SD means from eight publications and three reports of
(rS.D.). Observations with differences greater than se- meat goat buck performance tests, representing a total
lected rS.D. were removed and changes in regressionof 548 goats Table 3. Because of the limited number
R? and root mean square error (RMSE) were viewed. of treatment mean observations, the subset could not
The rS.D. used to exclude observations was chosenbe split into development and evaluation components,
on the basis of a moderate to appreciable increaseand all data were used for regression of MEI against
in explained variability, while retaining the maximum ADG.

number of observations. Observations removed from  The subset for dairy goats included 116 treatment
the subset were examined in detail for each compu- means from 25 publications representing 1851 goats.
tation (Chatterjee et al., 20Q00Figures for this and  These data are summarized Table 3 Because of
other data sets show removed observations as well asthe size of this subset, it was split using publica-
regression lines before and after removal. The modi- tion or reference as the basis into a development and
fied equation derived from the development subset of evaluation sub-subsets. A summary of variables in
the preweaning database was used to predict MEI in both sub-subsets is shown Trable 4 Equation de-
the evaluation subset. Observed values were regressedelopment and testing with the evaluation sub-subset
on predictions to determine whether the intercept and were conducted as described earlier for the prewean-

slope differed from 0 and 1, respectively. ing database.
The subset for indigenous goats included 157 treat-
2.3. Growing database ment means from 34 publications representing a total

of 1024 goats. A summary of variables in this sub-
This database included 333 treatment means of S€t is given inTable 3 Development and evaluation

not lactating or pregnant, including male, female and Sub-subset, aqd a summary of vanable; IS ShOW” n
wether goats) from 70 publications\gpendix B. Table 5 Equation development and testing with the
Experiment length ranged from 21 to 294 days. Be- evaluation sub-subset were described previously for
cause the database was composed of the same thre8ther databases.
goat biotypes noted before, differences in intercepts
and slopes from regressions MEI against ADG for 2.4. Mature database
each biotype were tested using methods described
earlier for the preweaning database. In contrast to the The mature goat database initially included 81
preweaning database, there were differences in inter-treatment means of mature goats (over 18 months of



Table 3

Summary of database subsets for prediction of ME requirements for maintenance and gain of growing goats

Indigenous goats

Dairy goat§

Meat goafs

Variable

Minimum Maximum

S.D.

Minimum Maximumn Mean

S.D.

S.D. Minimum Maximumn Mean

Mean

n

43.0

7.10 6.4

157 16.6

8.00 12.8 68.0

116 23.0

52.1
116

13.1

8.42

60 32.3

60
60

Mean BW (kg)

0.931

27.8

0.188

157 0.507 0.1856
5.9

1.632

29.2

0.379

8.0
0

0.830 0.2643

1.93
25.0

0.47
10.2

0.373
3.09
22.24

1.02
17.0

DM intake (kg/day)

CP (% of DM)

4.24
30.13

152 15.0
152 50.6

3.77
31.95

116 15.9
116 315

116

100.0

0

100.0

74.0

0

60 46.5

Forage (% of DM)
MEIY (MJ/day)

3.29 16.97 157 4.81 1.841 1.99 9.22

3.528

9.35

17.65

2925 549

1.03
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o
o age) from 23 publicationgppendix Q in which BW
o R change was reported. However, so that energy rather
a2 = than protein limited BW gain, treatment means with
. a ratio of MEI:CP intake greater than 106 kJ/g of CP
ST were considered protein deficieMd@ore et al., 1999
91 and removed. The resulting database included 69
e ~ 8 treatment means representing 495 goats of 14 identi-
) 3 fied breeds and one crossbreddlfle §. The length
2 of experiments ranged from 20 to 365 days, except
w12 § for three treatment means from a 12-day experiment.
B < Deletion of these three treatment means did not affect
55 the intercept® = 0.93) or slope R = 0.97) of equa-
g tions from regressions of MEI against ADG; thus,
i all observations were used in the regression analy-
< & sis. This database was not split because of a limited
E QN number of observations. In addition, there were no
S meat goat biotype observations. Intercepts and slopes
5 .':l of regressions of MEI against BW change for dairy
b= and indigenous goats did not diffd? & 0.65); there-
N . fore, data were combined for further regressions of
°5 g MEI against ADG as noted before for the preweaning
N 5 database.
Se8| 8
a- S
© 2
= «:'a § s 3. Results
2
g . ; 3.1. Preweaning database
“ge| . 5 agai
s Regressing MEI (kJ/kg BW’®) against ADG (g/kg
© =g BWO75) yielded the following equation:
R oo| g2
o~ o =< MEI =4777(S.E. = 65.8)
© n g)
o cg + (1387(S.E. = 2.09 x ADG),
308 og 2
oSS« aéé n=62 R°=042 (1)
3 5 i To improve model fit, the plot of residuals against
i o g g g predicted MEI was examined to identify observations
- 29 with large residuals. There was one residual greater
33883 § § than 2 rS.D., which was removed, resulting in the fol-
B g 2 lowing equation:
E 528 MEI = 4846(SE. = 615)
2 ¢|egt +(1337(SE. = 1.95) x ADG),
X 2 |Bgsg 2
§ cg,“’"’%é n=61LR =044 (2)
E’/a% g %%”Lﬁ Regression lines oEgs. (1) and (2)are presented
222 |0cE= oY
§QQ(F=cs in Fig. L Eq. (2) had a smaller RMSE (156 versus
=<< 168) and S.E. of both the intercept and slope and was
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Table 4
Summary of development and evaluation database sub-subsets for prediction of ME requirements for maintenance and gain of growing
dairy goats

Variable Development Evaluation

n  Mean S.D. Minimum Maximum n  Mean S.D. Minimum  Maximum
Mean BW (kg) 63 23.8 8.53 12.8 52.2 53 22.1 7.30 13.0 68.0
DM intake (kg/day) 63 0.848  0.2898 0.379 1.410 53 0.808  0.2312 0.421 1.632
CP (% of DM) 63 16.0 3.32 8.0 20.0 53 15.7 4.26 8.0 29.2
Forage (% of DM) 63 293 31.89 0 100.0 53 340 32.14 0 100.0
MEI2 (MJ/day) 63 9.56 3.936 3.30 16.97 53 9.10 2.990 4.35 14.95
MEI (MJ/(day x kg BWO7)) 63 0.876  0.2321 0.475 1.428 53 0.893  0.2250 0.548 1.309
ADG (g) 63 142 76.0 —86 294 53 132 73.4 —-107 282
ADG (g/kg BWO-75) 63 13.4 6.57 -7.7 26.6 53 13.6 6.84 -45 25.9

aME intake.

Table 5

Summary of development and evaluation database sub-subsets for prediction of ME requirements for maintenance and gain of indigenous
goats

Variable Development Evaluation

n  Mean S.D. Minimum Maximum n  Mean S.D. Minimum  Maximum
Mean BW (kg) 87 179 7.91 7.6 43.0 70 149 5.55 6.4 30.6
DM intake (g/day) 87 526 184.6 206 931 70 483 185.4 188 851
CP (% of DM) 82 154 3.83 5.9 27.8 70 145 4.66 6.4 237
Forage (% of DM) 82 435 31.35 0 100.0 70 59.0 26.48 0 100.0
MEI2 (MJ/day) 87 5.09 1.869 2.00 9.22 70 4.46 1.757 1.99 8.49
MEI (MJ/(day x kg BW®7%)) 87 0.591 0.1234 0.319 0.901 70 0.585 0.1189 0.329 0.794
ADG (g) 87 50.1 40.63 —84.0 177.2 70 442 2857 —155 117.0
ADG (g/(day x kg BW°75)) 87 6.00 4.858 -8.51 21.42 70 5.96 3425 -2.35 16.96

aME intake.

therefore considered more appropriate. As shown in ence of their inclusion was evaluated by regressions
Fig. 1, there were two observations in the develop- after removal. However, because MEI data also were
ment subset with negative ADG, three with an ADG of low for these observations, removing them had a min-
less than 5g and four with an ADG of less than 15g. imum effect, with no differences among intercepts or
Inclusion of these observations appreciably increased slopes. Intercepts were 482.6, 475.4 and 496.9 kJ/kg
the range of observations in the subset; thus, influ- BW%°, slopes were 13.44, 14.66 and 13.03 kJ/g ADG

Table 6

Summary of the database for prediction of ME requirements for maintenance and gain of mature goats

Variable n Mean S.D. Minimum Maximum
Mean BW (kg) 69 25.1 10.70 12.3 55.8
DM intake (kg/day) 68 0.670 0.2452 0.291 1.297
CP (% of DM) 69 14.6 3.54 8.2 26.1
Forage (% of DM) 69 52.9 28.45 8.3 100.0
MEI2 (MJ/day) 69 6.20 2.122 3.43 12.79
MEI (MJ/(day x kg BWO-75)) 69 0.575 0.1511 0.262 1.053
ADG (g) 69 39.7 31.76 —41.7 122.0
ADG (g/kg BWP-75) 69 3.94 3.010 —2.04 10.18

aME intake.
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Fig. 1. The relationship between ME intake (MEI) and ADG of preweaning goats. Points are observed values, the dotted line (---)
represents the regression line of all observations in the development subset and the solid line (—) is for the regression after removal
of observations with high residuals{ observations removed) and describes the equation: MEBB4.6 (S.E.= 61.46) + (13.37 (S.E.

=1.95) x ADG) [n = 61; R? = 0.44]. MBW = kg BW®75,

andR? were 0.31, 0.27 and 0.22 after removal of ob- There were three observations with residuals greater

servations with an ADG of less than 0, 5 and 159, than 2 rS.D.; all were for treatment mean observations

respectively. with Boer crossbreds, and there were no other distinc-
To evaluateEqg. (2) the evaluation subset was used tive characteristics noted. After removing these three

to predict MEI values, and observed MEI values were observations, the equation was:

regressed against predicted MEI values (M&).

The intercept and slope of this regression equation ME| = 457.0(S.E. = 22.3)

(MEI = 20.6 (S.E=211.7)+ 0.97 (S.E.=0.24) x

MElpred did not differ from 0 P = 0.92) and 1 P +(2523SE = 1.74 x ADG),

= 0.89), respectively. Hencé&q. (2) gave unbiased n=57 R>=079 (4)

estimates of Mg and ME, for preweaning goats,

which were 484.6kJ/BW> and 13.37kJ/g ADG, Regression lines dEgs. (3) and (4jre presented in

respective|y_ Flg 2 Eq (4) estimates of Mg, and Mﬁj of grow-
ing meat goats were 457.0 kJ/B\Vi? and 25.23 kJ/g
3.2. Growing database ADG, respectively.
321, Meat subset 3.2.2. Dairy'subset ' .
The equation for the regression of ME| againstADG 1 e équation for the regression of MEI against ADG
was: was.
MEI =4649(S.E. = 24.7) MEI =5887(S.E. = 537)
+ (25.28(S.E. = 1.93) x ADG), + (21L41(SE. = 3.60) x ADG),

n=60 R>=075 (3) n=63 R>=037 (5)
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ADG (g/kg MBW)

Fig. 2. The relationship between ME intake (MEI) and ADG of growing meat gaai®% Boer). Points are observed values, the dotted

line (---) represents the regression line of all observations in the development subset and the solid line (—) is for the regression after

removal of observations with high residuals:(observations removed) and describes the equation: MB57.0 (S.E= 22.30)+ (25.23

(S.E.=1.74) x ADG) [n =57; R? = 0.79]. MBW = kg BW®7,

Seven observations (11% of the development

= 144.6)+ 0.81 (S.E= 0.16) x MElpreq¢. The inter-

sub-subset) had residuals greater than 1.5 rS.D., whichcept and slope of the regression did not differ from

were removed; further removal of observations did
not increase th&? or decrease RMSE. Observations
removed were from high-producing dairy breeds (i.e.,
Saanen and Damascus) with relatively high BW gain,
low MEI and low dietary forage concentration (14%

forage for six of the observations). No other unique
characteristics were detected. The following modified
equation was obtained:

ME| = 5737(SE. = 46.2)
+ (2356(SE. = 3.10) x ADG),

n=56 R2=052 (6)

Regression lines dEgs. (5) and (6are presented in
Fig. 3. From Eq. (6) estimates of Mg and ME
of growing dairy goats were 573.7 kJ/BMP and
23.56 kJ/g ADG, respectively.

MEI data for the evaluation sub-subset were pre-
dicted fromEq. (6) The regression equation of ob-
served MEI against MEleg was: MEI= 169.5 (S.E.

0 (P =0.25) and 1 P = 0.23), respectively. Thus,
Eq. (6)provided unbiased estimates of lland ME,
of growing dairy goats.

3.2.3. Indigenous subset
The equation for the regression of MEI against ADG
was:

MEI = 4978(SE. = 16.7)
+ (1560(SE. = 2.17) x ADG),

n=287, RZ=038 (7)
Eleven observations (13% of the development
sub-subset) had residuals greater than 1.5 rS.D., and
these observations were removed. Although some of
the removed observations were with diets fairly low
in percentage of dietary forage, some were not, and
other observations with low dietary forage fell on or
close to the regression line. The regression equation
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MEI (K/ke MBW)

ADG (g/kg MBW)

Fig. 3. The relationship between ME intake (MEI) and ADG of growing dairy goats. Points are observed values, the dotted line (---)
represents the regression line of all observations in the development sub-subset and the solid line (—) is for the regression after removing
observations with high residuals (x: observations removed) and describes the equatica:9VI&I7 (S.E= 46.20)+ (23.56 (S.E= 3.10)

x ADG) [n = 56; RZ = 0.52]. MBW = kg BW%75,

for the remaining observations was: was a differenceR < 0.03) in intercepts but not in
slopes P = 0.16). To investigate the difference in in-

MEI =5000(S.E. = 11.9) tercepts among meat, dairy and indigenous goats, two
+ (1859(S.E. = 1.64) x ADG), dummy variablesd; = 1 for meat and O otherwise;

n—=76 R2=063 (8) D2 = 1 for dairy and 0 otherW|seD1_and D> =.0
for indigenous) were used in regression analysis. The

Regression lines oEqgs. (7) and (8gre presented in  coefficient forD; did not differ from 0 @ = 0.58),

Fig. 4. Estimates of M and ME, from Eq. (8)for indicating similar intercepts for meat and indigenous
growing indigenous goats were 500.0kJ/BW® and ~ goats. HenceD; was dropped from the model. In
18.59 kJ/g ADG, respectively. the reduced regression model, one dummy variable

the evaluation data sub-subset resulted in the equation:Sulting common slope equation for the regression
MEIl = —26.4 (S.E= 117.4)+ 1.00 (S.E= 0.19) x was:
MElI yreg, With an intercept and slope not different from . .
0 (Pp= 0.82) and 1P = 0.90), respectively. Therefore, MEI =4800SE. = 139
Eq. (8)provided unbiased estimates of M&nd ME, + (1032(SE. =17.38) x D)
of growing indigenous goats. + (22.85(SE= 1.23) x ADG),
2

3.2.4. Growing database — final equations n=189 R" =074 (9)

Because of the removal of some observations from Regression lines oEq. (9) are presented ifrig. 5.
the development subset for meat goats and sub-subset&rom Eq. (9) ME, for growing dairy and non-dairy
for dairy and indigenous goats, final equations goats was 583.2kJ/BW° and 480.0kJ/BW®,
(Egs. (4), (6) and (§)were tested for differences by respectively, and M for all growing goats was
analysis of covariance as performed previously. There 22.85kJ/g ADG. However, because the difference



240 J. Luo et al./Small Ruminant Research 53 (2004) 231-252

1000

500

500

700

800

MEI (kJ/kg MBW)

500
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Fig. 4. The relationship between MEI and ADG of growing indigenous goats. Points are observed values, the dotted line (---) represents
the regression line of all observations in the development sub-subset and the solid line (—) is for the regression after removing observations
with high residuals %: observations removed) and describes the equation: ME00.0 (S.E= 11.94)+ (18.59 (S.E= 1.64) x ADG)

[n = 76; RZ = 0.63]. MBW = kg BWO-73,
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Fig. 5. The relationship between MEI and ADG of growing goats. Cirgesdre observations for dairy goats and dd®) @re observations

for meat &Boer) and indigenous goats. The dotted line (---) describes the relationship for dairy goats and the solid line (—) is for meat
and indigenous goats. The common slope equation is: #MEB0.0 (S.E= 13.52)+ (103.2 (S.E=17.38) x D) + (22.85 (S.E= 1.23)

x ADG) [n = 189; R? = 0.74]. D = 1 for dairy goats and O otherwise. MBW kg BW®75,
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among biotype slopes approached significanBe (
= 0.16), another equation with two dummy variables
(I1 = 1 for dairy and O for otherd; = 1 for indige-

241
3.3. Mature database

The equation for the regression of MEl against ADG

nous and O for others) was developed to investigate was:

this trend. The dummy variablle reflected a com-

mon intercept for growing meat and indigenous goats MEI =4622(S.E. = 24.95)

and the interaction of, and ADG a common slope
for growing dairy and meat goats. The final multiple
regression equation was:

MEI = 4885(S.E. = 14.9)

+ (915(S.E. = 18.69) x I1)

+ (23.09(SE. = 1.24) x ADG)

— (3.28(S.E. = 1.98) x ADG x 1),

n =189 R? = 0.74 (10)

Eqg. (10)yielded estimates for Mg of 488.5, 579.9
and 488.5kJ/kg BW' and ME; of 23.09, 23.09 and
19.81 kJ/g ADG for meat, dairy and indigenous goats,

respectively. Regression lines fag. (10)are shown
in Fig. 6.

1500
1400
1300
1200
1100 ]
1000 ]
300 :
800

MEI (KJ/kg MBW)

700
800
500
400 1T

+ (2852(SE. = 5.05) x ADG),
n =69 R>=032 (11)

Removal of two observations with high residuals of
greater than 2 rS.D. decreased Rfe thus, these ob-
servations were not removed from the dataSqt.(11)
estimates of Mg and ME, were 462.2kJ/BW">
and 28.52kJ/g ADG, with the regression line shown
in Fig. 7. As noted with the preweaning develop-
ment subset, there were five observations with neg-
ative ADG; however, intercepts and slopes with and
without these observations were similar; removal of
these observations resulted in a numerical decrease
in MEm (462.2-449.8kJ/kg BW'®), increase in
MEy (28.52-30.67 kJ/g ADG) and decrease R4
(0.32-0.29).

300
-1 Q

ADG (ghkg MBW)

Fig. 6. The relationship between ME intake (MEI) and ADG of growing goats. Cirélgs ¢ots @) and triangles A) are observations

for growing dairy, meat*Boer) and indigenous goats, respectively. The dotted line (---) is for dairy goats, the solid line (—) is for meat
goats and the mixed line (—--) is for indigenous goats. The multiple regression equation is= N#8.5 (S.E.= 14.41)+ (91.5 (S.E.
=18.69) x D) + (23.09 (S.E=1.24) x ADG) — (3.28 (S.E.=1.98) x D2 x ADG) [n = 189; R2 = 0.74]. D; = 0 andD; = 0 for

meat goatsP; = 1 andD, = 0 for dairy goats; and; = 0 andD; = 1 for indigenous goats. MBW= kg BWO-75,
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Fig. 7. The relationship between ME intake (MEI) and ADG of mature goats. Points are observed values and the line describes the

equation: ME|= 462.2 (S.E= 24.95)+ (28.52 (S.E.= 5.05) x ADG) [n = 69; RZ = 0.32]. MBW = kg BW®75,

4. Discussion X or independent variableD@niel and Wood, 1980;
Johnson et al., 1998In this study, ADG was directly

4.1. Procedural considerations determined for all observations. Of the 108 publica-
tions, there were 93 in which dietary ME concentra-

4.1.1. Independent variable tion was either reported or calculated from determined

Selection of independent and dependent variables dlgeSthl'lty or metabolizability coefficients. In some
for regression analyses can affect the estimates of in- reports, ME concentration was based on dietary con-
tercepts and slopes of regressiodsramelink et al., centrations of ingredients and their ME concentration
1991; Johnson et al., 1998he magnitude of this ef- ~ from literature sources. For other studies, fecal output
fect depends on characteristics of the database. Withor excretion of feces and urine were determined. To-
a database in which variability is relatively small and, tal fecal collections were performed in some studies,
more importantly, similar between variables, there is Whereas in others markers were used for indirect es-
little or negligible influence. timation of fecal output. Fecal output, along with as-

One factor that contributes to choice of indepen- Ssumptions for methane or urine and methane energy
dent variable is the intended use of the regression losses allowed estimation of dietary ME concentra-
eduations_ The primary purpose of regresgions in the tion. For the 15 pUb"C&tiOﬂS that did not report ME
present study was to determine M&nd ME; require- concentration in the diet, estimates were derived from
ments of goats rather than to predict BW change at a ingredient composition and feedstuff ME concentra-
particular MEI, suggesting the use of ADG as the inde- tions listed inNRC (1981, 1984)Based on how ADG
pendent variable. Moreover, this approach facilitates and MEI were estimated, greater variation in MEI than
estimation of the S.E. of ME (intercept) and Mg ADG was assumed, suggesting use of ADG as the in-
(regression coefficient). A second important factor is dependent variable.
variation in the two variables. When there is consid-
erable variance associated with the independent vari-4.1.2. Database splitting and equation evaluation
able, the regression coefficient is biased low; therefore, In order to assess whether models developed from
errors in intercepts and slopes are minimized when literature databases are useful, it is desirable to eval-
the variable with the least variability is used as the uate the models with an independent data set. Hence,
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in the present study databases or subsets were dividedpoected fcDonald et al., 197/ However, reasons
when possible, based on reference or publication as de-for differences between our estimates and others are
scribed byMoore et al. (1999)For preweaning goats, unclear. For example, thBIRC (1981) recommen-
because of a relatively small number of publications, dation of 424kJ/kg BW’® was the average of 10
similar subsets could only be achieved by randomly experimental values, ranging from 365 to 482 kJ/kg
splitting treatment mean observationdgntgomery BWO75, Most of these values were derived from
and Peck, 1982 feeding trials and regression analyses, and one was
One disadvantage of database splitting is decreasedcalculated from cattle datZemmelink et al. (1991)
precision in estimating intercepts and slopes. The S.E. reported a ME, requirement of 384 kJ/kg BW®
are greater than when all data are used in equation de-with 24 growing West African dwarf goats from a
velopment. Nonetheless, intercepts not different from regression of BW gain against intake of digestible
0 and slopes not different from 1 for regressions of OM andPralomkarn et al. (1995)etermined a Mk
observed values of evaluation data sets against val-requirement of 376 kJ/kg BW® by regressing MEI
ues predicted with equations from development data against ADG with 24 growing Thai native goats that
sets suggest acceptable precision and accuracy in thevere housed indoors.
present study. The 19% greater M for growing dairy goats than
for indigenous and meat goats agrees with greater
maintenance energy requirements of Holstein than

4.2. ME, Hereford and other breeds of beef cattla(rett,
1971; Haaland et al., 1980, 1981; Fox and Black,
4.2.1. Preweaning 1984; Byers and Schelling, 1988This difference

Similar ME,, of preweaning and growing meat and may involve greater mass of metabolically active
indigenous goats could be patrtially a result of differ- organs such as the liver, intestines, heart and kid-
ences in experimental conditions. Preweaning goats neys Webster, 198)Lin goats that have been highly
consuming primarily liquid feeds were in most cases selected for milk production, which has been sug-
confined to small pens or cages, suggesting minimal gested as a reason for similar differences between
energy use for activity. Nonetheless, our preweaning dairy and beef cattle breed$drrell et al., 1986;
goat ME, estimate (485 61.5 kJ/kg BW-75) was not Dawson and Steen, 199&imilarly, a ME;, estimate
greatly different from comparative slaughter estimates of 673 kJ/kg BW-7> (Kurar, 1983 for Alpine x Bee-
reported bylagusch et al. (198370 kJ/kg BW-7°, 20 tal goats was substantially greater than that for Beetal
Saanen kids)Sanz Sampelayo et al. (199865kJ/kg  goats (523 kJ/kg BW’®, Kurar and Mudgal, 1981
BWO-75, 32 Granadina kids) ar8anz Sampelayo etal. presumably reflecting differences in maintenance

(1988 427 kJ/kg BW-75, 18 Granadina kids). requirements as influenced by the dairy biotype.
4.2.2. Growing 4.2.3. Mature
ME, estimates for growing goats (58016.5 kJ/kg The MEy, of preweaning and growing goats in the

BWO-75 for dairy goats and 489 14.4 k/kg BW-7° present study were numerically higher than that of
for non-dairy goats) were greater than that (431 kJ/kg mature goats, which agrees with findings for other
BWO-75) determined by.uo et al. (2004with regres- ruminant species@raham et al.,, 1974; McDonald
sion analysis involving treatment mean observations et al., 1977; ARC, 1980; AFRC, 1993; Geay, 1984
of heat production or recovered energy. This differ- Metabolic rate relative to BW is thought to de-
ence might be partially attributable to experimental crease with advancing maturitfFreetly et al., 1995,
conditions. In publications used thyo et al. (2004) 2002. The mature goat Mg estimate (462 25 kJ/kg
most goats were housed in relatively small areas, suchBW?7%) in the present study is similar to previous re-
as metabolism chambers or crates, whereas goats inports of NRC (1981 424 kJ/kg BW %) and AFRC
the publications used in the present study were kept (1998 438kJ/kg BW-75) for all goats, but greater
under more normal farm or production conditions; than that ofOnwuka and Akinsoyinu (198908 kJ/kg
hence, greater energy use for activity would be ex- BW?7°) for mature goats.
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Table 7

Summary of ME requirement for maintenance (MEestimates for sheep and cattle

Source Species  Breed Forage (%) No. State Sex BW (kg) Measuretéthod MEm°®

variablé

Steen et al., 1998 Sheep Blackfacex Texel 41 168  Growing Mixed 315 HP IC; RE ra MEI 462
Sheep Blackfacex Texel 31 168  Growing Mixed 315 HP IC; RE ra MEI 468
Sheep Blackfacex Texel 41 219  Growing Mixed 315 RE CS; RE ra MEI 495
Sheep Blackfacex Texel 31 219 Growing  Mixed 315 RE CS; RE ra MEI 492

Al Jassim et al., 1996 Sheep Awassi 0 24 Growing Mixed 24.4 BWC BT; MEI ra BWC 466

Early et al., 2001 Sheep Omani 20-60 40  Growing Buck 27-34 BWC FT; MEI ra BWC 494
Sheep Omani 20-60 40  Growing Buck 27-34 TEG FT; MEI ra TEG 612
Sheep Omani 20-60 40  Growing Buck 27-34 EBW FT; MEI ra EBW 589
Sheep Omani 20-60 40 Growing  Buck 27-34 TEG FT, MEI ra TEG 706

Dawson and Steen, 1998 Sheep Blackface cross 21-82 56  Growing Wether 35-43 HP IC; RE ra MEI 460
Sheep Blackface cross 21-82 56 Growing  Wether 35-43 HP Equation; ¢FAFkm 348
Cattle Charolais cross 25-80 75  Mature Steer 505-566 ~ HP IC; RE ra MEI 614
Cattle Charolais cross 25-80 75  Mature Steer 505-566 HP Equation; {FAPkm 459

Yan et al., 1998 Cattle Holstein friesian 0-70 221 Lactating Cow HP IC; RE ra MEI 670

Kirkland and Gordon, 1999 Cattle Holstein friesian 18 8 Lactating Cow 542-663 HP IC; HP ra MEI 610
Cattle Holstein friesian 18 8 Lactating Cow 542-663 HP IC; RE ra MEI 610
Cattle Holstein friesian 18 8 Lactating Cow 542-663  HP IC; MEI ra BW and RE 610

Ferrell and Jenkins, 1998a Cattle Beef crossbred 13 70  Growing Steer 330 RE CS; RE ra MEI 495
Cattle Beef crossbred 13 70  Growing Steer 330 RE CS; HP ra MEI 529

Ferrell and Jenkins, 1998b Cattle Angus crossbred 13 8  Growing Steer 346 RE CS; HP ra MEI 395
Cattle Boran crossbred 13 15  Growing Steer 277 RE CS; HP ra MEI 413
Cattle Brahman crossbred 13 15 Growing  Steer 313 RE CS; HP ra MEI 501
Cattle Hereford crossbred 13 8 Growing  Steer 286 RE CS; HP ra MEI 428
Cattle Tuli crossbred 13 16  Growing Steer 287 RE CS; HP ra MEI 472
Cattle Angus crossbred 13 8  Growing Steer 346 RE CS; RE ra MEI 249
Cattle Boran crossbred 13 15  Growing Steer 277 RE CS; RE ra MEI 293
Cattle Brahman crossbred 13 15 Growing  Steer 313 RE CS; RE ra MEI 488
Cattle Hereford crossbred 13 8 Growing  Steer 286 RE CS; RE ra MEI 368
Cattle Tuli crossbred 13 16  Growing Steer 287 RE CS; RE ra MEI 418

Birkelo et al., 1991 Cattle Hereford 40 8 Growing  Steer 410 HP, FHP  IC; Rif/ 496

Montano-Bermudez Cattle Angus crossbred 71 Lactating Cow 493 BWC FT; MEI ra BW and BWC 602

et al.,, 1990 Cattle Angus crossbred 72  Pregnant Cow 476 BWC FT, MEI ra BW and BWC 498
Cattle Charolais cross 494  Growing  Steer an®70 BWC FT, MEI ra BWC 588
Heifers

Cattle Charolais cross 164  Growing Steer 385 BWC FT; MEI ra BWC 604
Cattle Charolais cross 330 Growing Heifer 354 BWC FT; MEI ra BWC 650

Reid et al., 1991 Cattle Hereford 100 13 Mature Cow 578 RE CS; RE ra MEI 605
Cattle Red Poll 100 12  Mature Cow 535 RE CS; RE ra MEI 705
Cattle Herefordx Red Poll 100 7  Mature Cow 567 RE CS; RE ra MEI 621
Cattle Red Poll crossbred 100 11 Mature Cow 569 RE CS; RE ra MEI 624
Cattle Angusx Hereford 100 12 Mature Cow 582 RE CS; RE ra MEI 603
Cattle Angusx Charolais 100 12 Mature Cow 604 RE CS; RE ra MEI 637
Cattle Brahmanx Hereford 100 12  Mature Cow 632 RE CS; RE ra MEI 580
Cattle Brahmanx Angus 100 12 Mature Cow 581 RE CS; RE ra MEI 598

Solis et al., 1988 Cattle Angus 70 4 Mature Dry cow 504 RE 2D; RE ra MEI 383
Cattle Brahman 70 4 Mature Dry cow 499 RE 20; RE ra MEI 392
Cattle Hereford 70 4 Mature Dry cow 490 RE 2D; RE ra MEI 399
Cattle Holstein 70 4 Mature Dry cow 547 RE 2D; RE ra MEI 484
Cattle Jersey 70 4 Mature Dry cow 395 RE 20; RE ra MEI 587
Cattle Angus 70 4  Mature Dry cow 504 BWC FT; BWC ra MEI 418
Cattle Brahman 70 4  Mature Dry cow 499 BWC FT; BWC ra MEI 410
Cattle Hereford 70 4 Mature Dry cow 490 BWC FT; BWC ra MEI 452
Cattle Holstein 70 4 Mature Dry cow 547 BWC FT, BWC ra MEI 498
Cattle Jersey 70 4 Mature Dry cow 504 BWC FT; BWC ra MEI 636

aHp, heat production; FHP, fasting heat production; RE, recovered or retained energy; BWC, BW change; TEG, tissue energy gain; EBW, empty BW.

bIC, indirect calorimetry; CS, comparative slaughter; BT, balance trial; FT, feeding trigD, Ddeuterium oxide dilution; MEI, ME intake; A, activity allowancém,
efficiency of ME use for maintenance; ra, regressed against.

CMEm = kd/kg BWO-75.
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4.3. ME, of other ruminant species 5. Conclusions

As already noted, ME estimates of this study Treatment mean observations from published re-
were generally greater than previous recommenda- ports were used to construct databases to determine
tions for goats (e.g.NRC, 1981; AFRC, 1998ps MEn, and ME; requirements of goats by regressing
well as some values determined in specific studies. MEI against ADG. ME, was 485, 489, 580, 489 and
However, there have been relatively more determina- 462 kJ/kg BW-7°, and ME was 13.4, 23.1, 23.1, 19.8
tions of MEy, with other ruminant species, examples and 28.5kJ/g ADG for preweaning, growing meat,
of which are given inTable 7 Estimates of Mk, growing dairy, growing indigenous and mature goats,
from the present study are within the range of these respectively. These estimates should be useful in diet
values for cattle and sheep, although the range is formulation as well as prediction of performance of
quite wide. These estimates support greater,ME goats. However, goats in the reports used in this study
for dairy cattle than for beef cattle breeds, and also were not subjected to appreciable stress, such as envi-
differences among other breeds or biotypes within a ronmental or nutritional. Hence, application in some
species. specific settings may require additional considerations.

4.4. Mg

Considerably lower ME estimates for preweaning Acknowledgements
and growing goats compared with mature goats is in
general agreement with findings for cattiRohr and
Daenicke, 198% This difference is probably the re-
sult of greater fat concentration in tissue gain by ma-
ture goats because of the higher energy concentration
in fat than protein and higher concentration of wa- Appendix A. Publications in preweaning

ter in lean than adipose tissue. Similarly, primarily database

lean tissue accretion by preweaning goats presumably

contributed to relatively low Mg Likewise, Geay Andrighetto, I., Bailoni, L., Zancan, M., Dalvit, P.,
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