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Summary

Objective: To investigate the effects of
dietary net energy (NE) content on the
performance of growing pigs fed low-pro-
tein diets supplemented with crystalline
amino acids.

Materials and methods: A total of 144
barrows (22.96 + 2.72 kg, Experiment One)
or 360 barrows (27.80 + 3.48 kg, Experi-
ment Two) were assigned to six treatments.
Diets in both experiments were based

on corn and soybean meal, including an
unsupplemented high-crude-protein (CP)
diet (19.0% CB 2.50 Mcal NE per kg) and
five low-CP diets (4% lower CP) supple-

mented with lysine, methionine, threonine,
and tryptophan. For Experiment One, five
levels of NE (2.64, 2.58, 2.50, 2.42, and
2.36 Mcal per kg) were formulated in the
low-protein diets. In Experiment Two, the
low-protein diets contained 2.45, 2.40,
2.35, 2.30, and 2.25 Mcal NE per kg.

Results: In Experiment One, for pigs on
low-CP diets with different NE levels, ADG
(P < .05) and gain:NE intake (kg per Mcal
NE) increased linearly with decreasing NE
levels (P < .01). In Experiment Two, for pigs
on low-CP diets with different NE levels,
there was a significant quadratic increase in
ADG, gain:feed, and gain:NE intake as net

energy levels increased from 2.25 t0 2.35
Mcal NE per kg (P < .05).

Implications: Feeding a low-CB amino-
acid-supplemented, corn-soybean-meal-
based diet with a proper NE level maximizes
the performance of growing pigs. Optimum
performance will be obtained if the diet pro-

vides approximately 2.40 Mcal NE per kg.
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Resumen - Influencia del contenido neto
de energia dietética en el desempeiio de
cerdos de crecimiento alimentados con
dietas bajas en proteina cruda y suple-
mentados con aminodcidos cristalinos

Objetivo: Investigar los efectos del con-
tenido neto de energfa (NE) dietético en

el desempefio de cerdos de crecimiento
alimentados con dietas bajas en proteina
suplementadas con aminodcidos cristalinos.

Materiales y métodos: Un total de 144
cerdos castrados (22.96 + 2.72 kg, Experi-
mento Uno) é 360 cerdos castrados (27.80
+ 3.48 kg, Experimento Dos) se asignaron

a seis tratamientos. Las dietas en ambos
experimentos se basaron en maiz y harina de
soya, incluyendo una dieta alta en proteina
cruda (CP) no suplementada (19.0% CP,

2.50 Mcal NE por kg) y cinco dietas bajas
en CP (CP 4% mds baja) suplementadas
con lisina, metionina, treonina, y triptéfano.
Para el Experimento Uno, se formularon
cinco niveles de NE (2.64, 2.58, 2.50, 2.42,
y 2.36 Mcal por kg) para las dietas bajas en
protefna. En el Experimento Dos, las dietas
bajas en proteina contenfan 2.45, 2.40,

2.35,2.30, y 2.25 Mcal NE por kg.

Resultados: En el Experimento Uno, para los
cerdos alimentados con dietas baja en CP con
diferentes niveles de NE, la ganancia diaria de
peso (ADG por sus siglas en inglés) (P < .05)
y la ganancia:consumo de NE (kg por Mcal
NE) aumentaron linealmente en relacién a
los niveles decrecientes de NE (P < .01). En el
Experimento Dos, para los cerdos alimentado
con las dietas bajas en CP con diferentes
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niveles de NE, hubo un aumento cuadritico
significativo en la ADG, ganancia:alimento,

y ganancia:consumo de NE al aumentar los

niveles netos de energfa de 2.25 a 2.35 Mcal
NE por kg (P < .05).

Implicaciones: Alimentar con una dieta
baja en CP, suplementada con aminodci-
dos, basada en harina de frijol de soya y
maiz con un nivel apropiado de NE maxi-
miza el desempefio del crecimiento de cer-
dos de crecimiento. El desempefio éptimo
se obtendrd si la dieta provee aproximada-
mente 2.40 Mcal NE por kg.

Résumé - Influence du contenu alimen-

taire net en énergie sur les performances
de porcs nourris avec des rations faibles
en protéines brutes supplémentées avec

des acides aminés cristallisés

Objectif: Erudier les effets du contenu
alimentaire net en énergie (NE) sur les per-
formances de porcs en croissance nourris
avec des rations faibles en protéines supplé-
mentées avec des acides aminés cristallisés.

Matériels et méthodes: Un total de 144
castrats (22.96 £ 2.72 kg, Expérience 1)
ou 360 castrats (27.80 + 3.48 kg, Expéri-
ence 2) ont été répartis dans six groupes
de traitement. Les di¢tes dans les deux
expériences étaient 2 base de farine de mais
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et de soya, incluant une ration non-sup-
plémentée & haute teneur en protéine brute
(CP) (19.0% CP, 2.50 Mcal NE par kg)

et cinq rations 2 faible teneur en CP (CP
inférieur de 4%) supplémentées avec de la
lysine, de la méthionine, de la thréonine, et
du tryptophane. Pour 'Expérience 1, cinq
valeurs de NE (2.64, 2.58, 2.50, 2.42, et
2.36 Mcal par kg) ont été préparées dans
les ratios 4 faible teneur en protéine. Lors
de 'Expérience 2, les rations 2 faible teneur
en protéine contenaient 2.45, 2.40, 2.35,
2.30, et 2.25 Mcal de NE par kg.

Résultats: Au cours de 'Expérience 1,
pour les porcs recevant les rations 2 faibles
teneurs en CP avec différents niveaux

de NE, le gain moyen journalier (ADG)
(P < .05) et le gain:apport de NE (kg par

Mcal de NE) augmentait de fagon liné-
aire avec la réduction des niveaux de NE
(P < .01). Lors de ’Expérience 2, pour les
porcs recevant des rations faibles en CP
avec différents niveaux de NE, il y avait
une augmentation quadratique significa-
tive du ADG, du gain:aliment, et du gain:
apport de NE 4 mesure que les niveaux
d’énergie augmentaient de 2.25 4 2.35
Mcal de NE par kg (P < .05).

Implications: Une dicte faible en CP,
supplémentée avec des acides aminés, a
base de farine de mais et de soya, avec un
niveau approprié de NE peut maximiser les
performances de porcs en croissance. Les
performances optimales seront obtenues si
la diete fournit approximativement 2.40

Mcal de NE par kg.

ecent advances in determination of
Kmino—acid requirements for grow-

ing pigs and inclusion of crystalline
amino acids (CAA) may allow the crude
protein (CP) content of swine diets to be
reduced by two or three percentage units
with no negative effects on animal perfor-
mance or nitrogen retention.'> However,
lower average daily gain (ADG) or lower
gain:feed or both often occur when dietary
CP is reduced by four or more percentage
units below National Research Council
(NRC)* recommendations.’” Two explana-
tions are usually given to account for the
poorer performance arising from feeding
low-protein diets. Either these diets do
not provide sufficient nitrogen to allow for
synthesis of non-essential amino acids,>3
or the supply of essential amino acids
is inadequate. The latter situation may
involve incorrect initial assumptions about
the amino-acid requirements of pigs, poor
amino-acid digestibility, or a change in
amino-acid balance (ideal protein) as the
protein level changes. Many of these con-
cepts have been studied, yet producers are
still faced with suboptimal growth of pigs
fed diets with lower dietary CD, regardless of
amino-acid content.>©

The reason for poor performance (lower
ADG or lower gain:feed or both) in pigs
fed diets with CP concentrations lower
than NRC recommendations by four or
more percentage units is unknown. It may
be partially due to more dietary energy
being available for fat synthesis as a result
of lowered energy expenditure needed for
catabolism of excess dietary protein.®? Fur-
thermore, as the CP level of a corn-soybean
meal diet is reduced, less soybean meal

(with high protein content) and more corn
and other energy ingredients (with high
starch content) will necessarily be used.
However, this increases the net energy
(NE) content of diet, as variations in NE
content arise when efficiencies of metabo-
lism energy utilization differ between
nutrients, with the highest values for starch
(82%) and the lowest (60%) for crude pro-
tein.!®11 Because of these differences, the
heat increment associated with metabolic
utilization of energy is higher for CP than
for starch.!! In order to take into account
the changes in metabolic utilization of
energy that occur with changes in dietary
CP it is necessary to evaluate feeds on an
NE basis. Therefore, the NE system should
be used to predict performance and energy
gain in pigs fed low-protein diets.!»*10

Le Bellego et al! suggested that formula-
tion of low-protein diets using the NE sys-
tem would reduce feed costs and improve
performance. Knowles et al!2 reported
that decreasing the NE content in a low
CP diet (11.7% CP, 2.58 Mcal NE per kg)
to the same level as that of a high CP diet
(15.5% CP, 2.58 Mcal NE per kg) did not
affect finisher pig performance. However,
less information is available on the effect
of dietary NE level on performance of
growing pigs fed low-protein diets.? The
objective of this research was to determine
the level of net energy that optimizes per-
formance of growing pigs fed low-CP diets.

Materials and methods

All experimental procedures were approved
by the University of China Agricultural
Committee on Laboratory Animal Care.

Study design

Two experiments were conducted at China
Agricultural University Swine Center to
determine the effects of dietary NE on the
performance of growing pigs fed low-CP
diets supplemented with CAA. Crossbred
barrows (Yorkshire x Landrace x Duroc)
obtained from the China Agricultural
University Agricultural Center Swine

Unit (Beijing, China) were used in both
experiments. The barrows were housed in a
curtain-sided building in 4.5 x 2.8-m pens
with concrete slats running the entire length
of each pen. Feed and water were provided
on an ad libitum basis.

In Experiment One, 144 barrows (22.96
+ 2.72 kg) were assigned to six treatments,
with six pens per treatment and four pigs
per pen. Diets were fed for 38 days. In
Experiment Two, 360 barrows (27.80 +
3.48 kg) were assigned to six treatments,
with six pens per treatment and ten pigs
per pen. Diets were fed for 34 days. In
both experiments, pigs were allotted to
treatments so that weight and pig ances-
try were equalized across treatments.

Pig weight and feed disappearance were
measured for each pen weekly and used to
calculate ADG, average daily feed intake
(ADFI), gain:feed, and gain:NE intake.

Dietary treatments

Experimental diets were based on corn
and soybean meal (Table 1) and consisted
of an unsupplemented high-CP diet that
contained 19.0% CP and 2.50 Mcal NE
per kg, and five low-CP diets supple-
mented with crystalline lysine, methionine,
threonine, and tryptophan to meet NRC
requirements. For Experiment One, five
levels of NE (2.64, 2.58, 2.50, 2.42, and
2.36 Mcal NE per kg) were formulated,
while in Experiment Two, the low-protein
diets contained 2.45, 2.40, 2.35, 2.30, and
2.25 Mcal NE per kg (Tables 2 and 3).

All diets were formulated to meet or exceed
the NRC recommendations? for minerals
and vitamins. The amino-acid content of
the diets was based on actual amino-acid
analyses of corn, soybean meal, and wheat
bran. Dietary NE contents of the diets were
calculated according to the NE calculations
of Noblet et al!® and were based on chemi-
cal analyses of feed ingredients for ether
extract (EE), crude fiber (CF), and CD, as
well as starch (ST), which was determined
using the method of Thivend et al,'? and
digestible energy (DE), which was obtained
from the China Feed Bank.! The NE con-

tents of the crystalline lysine, methionine,
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Table 1: Chemical analysis (dry matter basis) of ingredients used in Experiment One and Two diets for grower pigs

(barrows) housed in a research facility

Corn Soybean meal Wheat bran
Crude protein (g/kg) 78 456 173
Crude fiber (g/kg) 31 52 78
Ether extract (g/kg) 32 10 15
Starch (g/kg) 641 22 148
DE (Mcal/kg)* 3.39 3.47 2.23
NE (Mcal/kg)t 2.63 1.97 1.42

* Digestible energy (DE) values obtained from the China Feed Bank.'

1 Net energy (NE) values based on Noblet et al,'® where NE = (0.703 x kcal/kg DE) + (1.58 x g/kg ether extract) + (0.47 x g/kg starch)
- (0.97 x g/kg crude protein) — (0.98 x g/kg crude fiber).

Table 2: Ingredient composition of diets (as-fed basis) for grower pigs* housed in a research facility (Experiments One

and Two)
Experiment One Experiment Two

Dietary CP level "'cigh "g;" "'cigh "E’F‘,”
Dietary NE level 2.50 236 242 250 258 264 2.50 225 230 235 240 245
(Mcal/kg)
Ingredients
Corn (%) 6530 74.10 7822 7861 76.66 75.00 6530 6450 67.70 71.70 71.00 70.00
Soybean meal (%) 28.40 14.00 15.00 16.50 16.70 17.00 28.40 14.00 1540 17.00 17.10 17.50
Wheat bran (%) 0.00 8.14 3.00 0.00 0.00 0.00 0.00 1773 1318 7.65 725 6.86
Soybean oil (%) 3.28 0.00 000 1.15 287 4.27 3.28 0.00 0.00 0.00 1.00 2.00
Limestone (%) 0.62 0.60 050 050 053 051 0.62 0.80 080 0.80 080 0.80
Dicalcium 1.00 103 115 120 120 1.20 1.00 080 0.80 080 0.80 0.0
phosphate (%)
NaCl (%) 0.40 040 040 040 040 040 0.40 040 040 040 040 040
Vitamin-mineral 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
premix (%)
L-lysine HCI (%) 0.00 045 045 040 040 040 0.00 047 044 041 041 0.40
DL-methionine (%)# 0.00 0.12 0.12 0.10 0.10 0.10 0.00 0.13 0.12 0.11 0.1 0.11
L-threonine (%)# 0.00 0.12 0.12 0.10 0.10 0.10 0.00 0.14 0.13 0.11 0.1 0.11
L-tryptophan (%)+ 0.00 0.04 004 0.04 0.04 0.04 0.00 0.03 003 0.03 0.03 0.02

* Experiment One, 144 barrows (22.96 + 2.72 kg) at the beginning of the 38-day study; Experiment Two, 360 barrows (27.80 + 3.48 kg)
at the beginning of the 34-day study. High and low CP diets contained 19% and 15% CP, respectively.

1 Premix provided the following per kg of complete diet: vitamin A, 5512 1U; vitamin D3, 2200 IU; vitamin E, 64 |U; vitamin K3, 2.2 mg;
vitamin B12,27.6 ng; riboflavin, 5.5 mg; pantothenic acid, 13.8 mg; niacin, 30.3 mg; choline chloride, 551 mg; Mn, 10 mg; Fe, 100 mg;
Zn, 100 mg; Cu, 20 mg;1,0.3 mg; Se, 0.3 mg.

+ Supplemental crystalline amino acids.
CP = crude protein; NE = net energy.
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Table 3: Chemical analysis and calculated nutritional value of diets fed to grower pigs* housed in a research facility

(Experiments One and Two)

Experiment One Experiment Two
Dietary CP levels Hcigh Lg;v Hcigh Lg;v
Dietary NE levels (Mcal/kg) 250 236 242 250 258 2.64 250 225 230 235 240 245
Chemical analysis
Crude protein (%) 19.0 144 141 141 142 141 19.0 145 143 146 145 146
Calcium (%) 0.68 0.66 067 068 068 068 068 066 065 064 0.63 0.64
Total phosphorus (%) 0.55 056 055 055 055 055 055 056 055 055 055 0.55
Lysine (%) 1.01 097 09 096 097 098 1.01 097 09 096 097 0.96
Methionine + cystine (%) 0.69 059 060 061 061 0.61 069 069 069 0.67 067 0.68
Threonine (%) 074 067 070 065 069 071 074 067 0.71 065 0.68 0.70
Tryptophan (%) 0.18 0.16 0.19 0.16 0.18 0.18 0.18 0.17 0.18 0.16 0.17 0.18
Calculated nutritional value
DE (Mcal/kg) t 343 320 326 335 343 350 343 3.09 3.15 321 327 343
NE (Mcal/kg) % 250 236 242 250 258 264 250 225 230 235 245 240
True ileal digestible amino acids§
Lysine (%) 087 083 083 084 084 084 087 089 089 088 0.88 0.89
Methionine + cystine (%) 0.53 050 049 050 047 049 053 050 049 050 049 0.50
Threonine (%) 0.60 0.52 053 054 054 054 060 055 056 054 054 056
Tryptophan (%) 0.17 0.16 0.16 0.16 0.16 0.16 0.17 0.16 0.16 0.16 0.16 0.16

*  Barrows described in Table 2. High and low CP diets contained 19% and 15% CP, respectively.

t DE calculated using values for ingredients obtained from China Feed Bank.'#

% NE values based on Noblet et al'® (Table 1), where NE = (0.703 x kcal/kg DE) + (1.58 x g/kg ether extract) + (0.47 x g/kg starch) — (0.97

x g/kg CP) - (0.98 x g/kg crude fiber).The NE contents of the crystalline lysine, methionine, threonine, and tryptophan were 3.37,

4.13,2.94,and 4.78 Mcal NE/kg DM and were obtained from Institut National de la Recherche Agronomique- Association Francaise de
Zootechnie.'® The NE content of the soybean oil was 6.91 Mcal NE/kg DM. This value was calculated by using China Feed Bank'4 DE

value in equation 3 of Noblet et al,'? ie, (NE = [0.843 x DE] - 463).
§ Values estimated using true ileal digestible coefficients provided by NRC* for amino acids.
CP = crude protein; DE = digestible energy; NE = net energy.

threonine, and tryptophan used in both
experiments (3.37, 4.14, 2.94, and 4.78
Mcal NE per kg dry matter (DM), respec-
tively) were obtained from Institut National
de la Recherche Agronomique-Association
Frangaise de Zootechnie.!> The equation
used for the calculation of NE was NE =
(0.703 x keal per kg DE) + (1.58 x g per kg
EE) + (0.47 x g per kg ST) - (0.97 x g per
kg CP) - (0.98 x g per kg CF).

Chemical analysis

Samples of the ingredients and diets were
analyzed according to the methods of the
Association of Official Analytical Chemists
(AOAC; 1995).16 Analyses were conducted
for calcium (AOAC method 935.13),
phosphorus (AOAC method 965.17),

DM (AOAC method 934.01), CP (AOAC

method 988.05), EE (AOAC method

954.02), and CF (AOAC method 962.09).

Ingredients and diets were hydrolyzed in
6N HCl at 110°C for 24 hours, whereas

content of sulfur-containing amino acids
was measured after performic acid oxida-

tion, and tryptophan content was deter-
mined after alkaline hydrolysis (AOAC
method 994.12).1® Amino-acid analyses
were performed by high performance
liquid chromatography (Hitachi L-8800
Amino Acid Analyzer; Tokyo, Japan).

Statistical analysis
Data for each response variable were ana-

lyzed by ANOVA using the GLM procedure

of SAS version 8e (SAS Institute Inc,

Cary, North Carolina), with all six dietary

treatments included in the model. The

LSMEANS procedure of SAS was used

to calculate mean values, and the PDIFF
option was used to separate means and

to test the data for potential outliers. The
high-protein treatment was then removed
from the data set and the linear and qua-
dratic effects of altering dietary NE levels

in the low-CP diets were evaluated using
orthogonal polynomial contrasts. Pen was
the experimental unit for all analyses. Differ-
ences were considered significant at P < .05.

Results

Experiment One

When the performance of barrows fed

low-protein diets with 2.50 Mcal NE per
kg was compared to performance of bar-
rows fed the high-protein diet, there was
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Table 4: Effects of dietary NE levels on growth performance of grower pigs housed in a research facility (Experiment One)*

Dietary CP levels Hég:’h Low CP + CAA P
Dietary NE levels . o H versus
(Mcal/kg) 2.50 2.36 2.42 2.50 2.58 2.64 SEM ANOVA Lineart Quadratict Lt
Body weight 2296 2296 2291 2299 2296 2298 123 .99 98 99 NA
Day 0 (kg)
Body weight

5245 5300 51.86 4963 5013 5091 180 .73 30 33 NA
Day 38 (kg)
ADG (kg/day) 0782 0792 0.76°°< 0.70¢ 0.72°< 0.74%b<  0.02 .02 .02 <.01 .10
ADFI (kg/day) 159 160 155 149 152 154 005 .68 29 28 44
NEintake (Mcal/day) 396 378 376 374 393 406 013 .38 06 08 43
Gain:feed 049 049 049 047 047 048 001 32 .05 09 36
Gain:NE intake 020 0212 020 019% 018 018 0004 <.01  <.01 <.01 38

(kg/Mcal NE)

* Barrows described in Table 2 were housed in 36 pens in a growing environment for a 38-day study, with four pigs/pen and six
pens/treatment. High and low CP diets contained 19% and 15% CP, respectively.

1 Linear and quadratic contrasts for low CP diets.
s High-protein (H) versus low-protein (L) diet.
abcd Means in the same row with no common superscript differ (P < .05; ANOVA).

CP = crude protein; NE = net energy; CAA = crystalline amino acids; ADG = average daily gain; ADFI = average daily feed intake; NA = not
applicable.

Table 5: Effects of dietary NE levels on growth performance of grower pigs housed in a research facility (Experiment Two)*

g Low CP + CAA
Dietary CP levels digh P

cP
Dietary NE levels . . H versus
(Mcal/kg) 2.50 2.25 2.30 2.35 2.40 245 SEM ANOVA Linearf Quadratict Lt
g‘(’sg)we'ght Day 2782 2769 2785 2784 2793 2764 154 99 99 98 NA
gzc("lfg‘gve'ght Day 5185 5046 5094 522 5204 5069 1.83 97 76 68 NA
ADG (kg/day) 0.712bc  067¢ 068P< 0722 0712 0.68°¢ 0.01 04 22 <.01 22
ADFI (kg/day) 147 147 144 147 146 143 003 86 40 60 67
NEmizle 356 330 331 346 350 350 007 06 <01 <01 <01
(Mcal/day)
Gain: feed 048° 046> 047° 049° 049 047 0005 <.01 01 <01 22
G £ izl 2 0198 020> 021° 021 020> 0192 0002 <.01 01 <01 <01

(kg/Mcal NE)

¥ Barrows described in Table 2 were housed in 36 pens in a research growing environment for a 34-day study, with 10 pigs/pen and six
pens/treatment. High and low CP diets contained 19% and 15% CP, respectively.

T Linear and quadratic contrasts for low CP diets.
¥ High-protein (H) versus low-protein (L) diets.
abc Means in the same row with no common superscript differ (P < .05; ANOVA).

CP = crude protein; NE = net energy; CAA = crystalline amino acids; ADG = average daily gain; ADFI = average daily feed intake; NA = not
applicable.
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no difference in ADG, ADFI, NE intake,
or gain:feed (P> .05) (Table 4). In barrows
fed the low-protein, CAA-supplemented
diet containing 2.36 Mcal NE per kg, ADG
and gain:NE intake were greater than in
barrows fed the low-protein diet with 2.50
and 2.58 Mcal NE per kg (Table 4). How-
ever, ADG, gain:NE intake, and gain:feed
did not differ between barrows fed the low-
protein diet with 2.36 Mcal NE per kg and
those fed the high CP diet (P> .05).

Among the groups fed the low-protein
diets with different NE levels, ADG

(P < .05) and gain:NE intake (P < .01)
increased with decreasing NE level, but NE
intake decreased linearly (P < .05). A sig-
nificant quadratic effect (P < .01) was also

observed for ADG and gain:NE intake.

Experiment Two

Performance data are presented in Table 5.
There was no difference in ADFI and NE
intake between the barrows fed the high-
CP diet and those fed any of the low-CP
diets (2> .05). However, ADG and gain:
feed were greater in barrows fed the 2.35
Mcal NE per kg diet than in barrows fed the
2.45,2.30, and 2.25 Mcal NE per kg diets
(P < .05). There was no difference in ADG,
gain:NE intake, and gain:feed between bar-
rows fed the 2.35 Mcal NE per kg diet and
those fed the high-CP diet (P> .05).

In barrows fed the low-CP dietary treat-
ments with different NE levels, there was
a significant quadratic increase in ADG,
gain:feed, and gain:NE intake as NE levels
increased from 2.25 to 2.35 Mcal NE per
kg (P < .05).

Broken-line analyses

Broken-line analyses!” estimated that the
NE level which optimized the ratios of gain
to NE intake were 2.50 and 2.31 Mcal

NE per kg for Experiments One and Two,
respectively. The average of these values

yielded an estimate of 2.40 Mcal NE per kg.

Discussion

Low-protein diets have been associated with
lower energy losses for metabolizing excess
dietary protein. It is well known that low-
protein diets decrease the energy needed

for deamination of excess amino acids and
excretion of nitrogen in urine. Moreover,
lowering the CP level of a corn-soybean
meal diet can reduce body-protein turnover
and heat production of animals.® Therefore,
reducing CP increases the energy available

for tissue deposition. This agrees with the
NE system, in which energy requirements
and diet energy values are expressed on the
same basis, which should theoretically be
independent of feed characteristics.!? The
NE system represents the best estimate of
the “true” energy value of a feed. The energy
value of protein or fibrous feeds is overes-
timated when expressed on a DE (or ME)
basis. On the other hand, the energy values
of fat or starch sources are underestimated
in a DE system.!! Therefore, understanding
how energy is utilized by the pig and how
the pig responds to changes in dietary NE
levels is essential in determining the optimal
concentration of dietary energy in low-pro-
tein diets. However, despite a large number
of low-protein diet studies reported in the
literature, the relationships between dietary
NE concentration and animal growth

when low-protein diets are fed are not well
understood.

Studies using corn and soybean-meal basal
diets have evaluated the impact of NE
content by varying wheat bran and soybean
oil concentrations in low-protein diets; in
those experiments, results have been incon-
sistent.2312 Knowles et al'? reported that
altering dietary fiber or fat did not affect
swine growth performance, but Kerr et

al® found that adding fiber to low-protein
diets did affect growth performance. The
results of the current experiment indicate
that the NE content of the diet may affect
the performance of pigs fed low-CP diets
supplemented with CAA. In Experiment
One, there was a significant linear increase
in weight gain as the NE content of the low-
protein diet decreased, with the weight gain
of pigs fed diets containing 2.64 and 2.58
Mcal NE per kg being less than that of pigs
fed the high CP diet containing 2.50 Mcal
NE per kg. Moreover, in this study, in pigs
fed CAA-supplemented diets in which the
CP content was reduced by four percentage
units and with 2.36 (Experiment One) or
2.35 (Experiment Two) Mcal NE per kg,
performance was better than that of pigs fed
the low-CP diet and did not differ from that
of pigs fed the high-protein diet. This find-
ing can be explained, at least partially, by the
inverse relationship between the NE content
of the diet and performance.

The lack of improvement in growth with
increasing dietary energy concentration may
suggest that requirements for NE content
are different for optimal performance when

low-CP diets rather than high-CP diets

are fed, which is in agreement with the
findings of Knowles et al'? and Kerr et al.?
These results also suggest that formulation
of growing-pig diets with a proper NE level
improves energy utilization of low-CP diets,
which may also improve pig performance.
This observation is in agreement with the
data reported by Noblet and Le Goff.!8

Dietary NE had no effect on overall

daily feed intake in either experiment.
Although it is well known that changes

in dietary energy may have large impacts
on feed intake,!? most studies have dealt
with relatively large differences in dietary
energy levels. These have been discussed

in a recent review.? It has generally been
assumed that over a wide range of dietary
energy concentrations, growing pigs will
adjust feed intake to maintain a constant or
nearly constant daily energy intake.?! Each
current experiment is a case in point, and
the effect agrees with results of Knowles

et al'? and Kerr et al,? who respectively
reported identical consumption of feeds of
different net energy content when low-CP
diets were supplemented with amino acids.

It has long been suggested that grower

pigs are less likely to be able to maintain
growth performance when dietary energy
is reduced. In this study, this effect was
observed in the second experiment, but
not in the first. Alchough it is consistent
with the literature to suggest that physi-
cal gut capacity may have been a limiting
factor for growth performance, it could
also have been driven by the innate growth
curve of the pig and the consequent need
or demand for nutrients such as amino
acids.?? In the current studies (Experi-
ment One), when diets contained 2.64
and 2.58 Mcal NE per kg, there may have
been insufficient intake of amino acids,
especially limited amino acids, to sup-
port lean tissue growth. In order to avoid
providing energy for deamination of excess
amino acids in many studies involving low-
protein diets, energy levels are varied, but
amino-acid levels are not.2%12 Qur current
studies agree with the literature in that
when lower levels of NE were fed (ie, 2.42
and 2.36 Mcal NE per kg in Experiment
One or 2.40 and 2.35 Mcal NE per kg in
Experiment Two), the total intake of amino
acids was sufficient to support greater daily
gain. In addition, the daily intake of NE
was lower for pigs fed these diets (ie, 3.76
and 3.78 Mcal NE per day in Experiment
One), which would also result in less
energy being available for daily gain.
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In the current studies, amino-acid contents
of diets were formulated to meet NRC
recommendations, and broken-line analyses
using the data from the two experiments
estimated that the NE level which optimized
the ratios of gain to NE intake was 2.40
Mcal NE per kg. Kerr et al® reported greater
ADG and gain:feed of growing pigs fed
low-protein diets as dietary NE increased
from 2.412 to 2.536 Mcal NE per kg when
the true ileal digestible lysine level was
0.96% of the low-protein diets. However,
at true ileal digestible lysine levels of 0.84%
(Experiment One) or 0.89% (Experiment
Two), the ileal digestible lysine:NE ratios of
the diets are 3.50 and 3.71 g per Mcal NE,
respectively, which are comparable to results
of the studies of Kerr et al,? in which the
ileal digestible lysine:NE ratio of the diets
was 3.78 g per Mcal NE.

Implications

¢ Under the conditions of these studies,
the optimum NE level in low-protein
diets supplemented with CAA is
approximately 2.40 Mcal NE per kg.

e Under the conditions of these studies,
performance of growing pigs is not
negatively affected when diets contain-
ing CP 4% lower than recommended
are supplemented with CAA and have
the appropriate NE content.

* Further experiments are needed to
determine whether changes in amino-
acid levels can improve performance of
pigs fed low-protein diets.
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