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Abstract

This study aimed to evaluate the effects of dietary metabolizable energy (ME; 3.40, 3.60, or 3.80 Mcal/kg)
and weaning weight (WW; 4.5 = 0.4 and 6.7 = 0.5 kg) on nitrogen balance (NB) and gross energy
metabolizability in weanling piglets. In total, 32 barrow piglets were individually housed in metabolic
cages for 28 d in a 2x3 factorial arrangement with five barrows per treatment. Only light and 3.80 ME
and heavy and 3.40 ME/kg treatments had six barrows per treatment each. The diets were formulated to
maintain a constant nutrient to ME ratio. Nitrogen balance was evaluated in three periods through total
collection of feces and urine. Heavy piglets had 14% greater N intake, absorption, and retention in starter
and total periods (P<0.05). The increasing in the levels of dietary ME linearly augmented N intake,
absorption, and retention during starter and total periods (P<0.05). The dietary ME levels linearly
increased energy metabolizability in all periods (P<0.05). In conclusion, heavy weaned piglets had better
efficiency in nitrogen retention. Besides, increasing dietary ME levels can improve the N retention and
the metabolizability of dietary energy.
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Resumo

Este estudo objetivou avaliar o efeito da energia metabolizavel da dieta (EM; 3,40, 3,60 ou 3,80 Mcal/kg)
e do peso ao desmame (PD; 4,5 +£ 04 e 6,7 £ 0,5 kg) sobre o balanco de nitrogénio (BN) e a
metabolizabilidade da energia de leitdes. 32 leitdes machos castrados foram alojados individualmente em
gaiolas de metabolismo por 28 d em um arranjo fatorial 2 x 3 com cinco animais por tratamento, exceto
os tratamentos leve e 3,80 Mcal’kg EM e pesado e 3,40 Mcal’kg EM, que tiveram 6 animais por
tratamento. As dietas foram formuladas para manter constante a razao nutriente:energia. O BN foi
avaliado em trés periodos, via coleta total de fezes e urina. Leitdes pesados apresentaram 14% maior N
ingerido, absorvido e retido no periodo inicial e total (P<0,05). Os niveis de EM aumentaram linearmente
o N ingerido, absorvido e retido no periodo inicial e total (P<0,05). Em todos os periodos avaliados, a
metabolizabilidade da energia aumentou linearmente com o aumento dos niveis de EM (P<0,05).
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Conclui-se que leitdes desmamados pesados apresentam melhor eficiéncia na retengdo de N. Além disso,
o aumento da EM da dieta melhora a retengao de N e a metabolizabilidade da energia da dieta.
Palavras-chave: leitdo leve; metabolismo energético; nitrogénio retido.
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Introduction

One of the most important zootechnical indexes used to estimate the efficiency of pig production system
is the number of piglets/born/sow/year. The increase in the number of born piglets reduces the cost per
housed sow, increasing the system profitability. Recent studies, however, have shown that increasing the
number of piglets led to an increase in the number of stillborn piglets and to a low birth weight(V; it is also

negatively correlated with survival to weaning, pre-weaning daily gain, and mean weaning weight® .

The reasons of the poor growth performance of light piglets are still unclear; however they must be related
to the intrauterine competition for nutrients >, which results in different degrees of restriction of embryo
growth® 7). At weaning, the factors related to the environmental, nutritional, management, and health
status during the suckling period can also exacerbate the poor performance of light piglets from weaning
to market weight.

As the energy intake is the main factor that limit the nutrient intake in weaning piglets, the starter diet is
usually concentrated in energy and amino acid to guarantee a better growth performance and allow the
maximum protein deposition. Besides, there is an ideal Lys to energy ratio that must be kept to allow a
proper protein deposition® ). Nevertheless, previous studies did not show any performance improvement
when dietary energy density was increased!%- 12, but greater body fat deposition was observed(!?,

The effect of weaning weight and dietary energy concentration, to understand the relationship of these
factors, on the ability of weaning piglets to use the nitrogen and dietary energy has been little investigated.
Therefore, the objective of this study was to evaluate the effect of the dietary energy concentration and
weaning weight on nitrogen balance and energy metabolizability in order to determine if there is any
interaction between these factors; in other words, if light piglets at weaning could improve the nitrogen
retention and metabolizability of energy when fed an energy-nutrient-dense diet when compared with
heavy piglets at weaning.

Material and Methods

The experiment was conducted at the Laboratério de Ensino Zootécnico of Universidade Federal do Rio
Grande do Sul (UFRGS), located in Porto Alegre. All procedures used in this experiment were approved by
the Ethics Committee on Animal Use from UFRGS (Protocol N. 21121).

Thirty-two weaning barrows (21-24 d of age) housed in individual metabolism crates were assigned to
weaning weight (WW; light: 4.5 + 0.4 kg and heavy: 6.7 £ 0.5 kg) and metabolizable energy (ME: 3.40,
3.60, and 3.80 Mcal/kg) in a 2 x 3 factorial treatment arrangement with five barrows per treatment, except
light and 3.80 ME and heavy and 3.40 ME/kg treatments, which had six barrows per treatments. Piglets
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were categorized to light and heavy at the commercial facility. Metabolism crates (0.48 m?) were located in
an environmental-controlled room and equipped with a feeder and a drinker. The experiment was conducted
in two nursery phases: I, between 0 and 14 d after weaning; and II, between 15 and 28 d after weaning.
Piglets were offered access to feed and water ad libitum throughout the study.

Diets with three ME levels were formulated (3.40, 3.60, or 3.80 Mcal/kg) and fed as mash (Table 1). The
control diet (3.40 Mcal ME/kg) was formulated with standard energy and nutrient recommendations',
whereas indispensable and dispensable amino acid, calcium, phosphorus, and lactose levels in the diets 3.60
and 3.80 Mcal’kg were adjusted for the increased ME. Ratios of 4.14 and 3.91 g of digestible Lys/Mcal of
ME and 14.8% and 8.5% lactose were supplied in phases I and II, respectively. Milk replacers and swine
plasma were added to stimulate feed intake and to ensure that diet digestibility was high. Piglets were given
a pre-starter diet during the first 14 d and a starter diet during the subsequent 14 d of the experiment.

During feeds manufacture, five samples of each diet were collected, pooled, mixed, and sampled to achieve
a 500 g of feed. All samples were stored at -20 °C until required for analysis. The feed samples were
analyzed in two replications for their proximate composition!. The digestibility assay consisted of seven
days of adaptation, during phase I, followed by total fecal and urine collection for seven and 14 d during
phases I and II, respectively.

Feces and urine collection was performed once a day. Ferric oxide at 0.1% was used as a marker just before
the first and last meal to establish the exact period of feces collection!>). Feces were weighed daily then
placed in labeled plastic bags. Urine was drained into plastic buckets with 5 mL of H>SO4 to prevent nitrogen
(N) loss. The volume was weighed daily, and the entire volume was kept in freezers at -15 °C until analysis.
Fecal and urine samples were subsequently thawed and homogenized for the collection of two subsamples
weighing 500 g and 100 mL per replicate, respectively, for analyses.

Feed and feces samples were ground in a knife mill with a 1 mm mesh (Model EDB-5, DeLeo
Equipamentos Laboratoriais, Porto Alegre, Brazil). Dry matter (DM) in feces samples was determined by
pre-drying of the samples in a forced-flow stove at 60 °C until constant weight and subsequent drying at
105 °C forl12 h (method: 930.15). Nitrogen content was determined in the dry material according to the
Micro- Kjeldhal (method: 954.01; adapted by Prates'®; model TE036/2; Tecnal, Piracicaba-SP, Brazil).
Crude protein was calculated as nitrogen x 6.25. The gross energy (GE) was determined by pressurized
combustion with oxygen in an adiabatic bomb calorimeter (Model C2000 — IKA Werke GmbH&Co. KG,
Staufen, Germany). Benzoic acid (6318 kcal/kg) was used as the standard for calibration and was
determined to be 631,772 kcal/ kg at assay. Urine samples were dried in a forced-ventilation oven at 60 °C
for 72 h (method: 930.15) and analyzed for GE content as described above. Urinary nitrogen was determined
in the liquid sample (method: 984.13) as described above. All analyses were performed in duplicate, and the
standard error (SE) between replicates was less than 5% for all methods and less than 1% for energy.

Nitrogen balance and the coefficients of energy metabolizability was estimated as follows: Nitrogen intake
(g/d) = feed intake (g/d) x (%N diet); Nitrogen absorbed (g/d) = N intake — N feces; Nitrogen retained (%)
= (N intake — N absorbed). Energy metabolizability (%) = (Gross energy intake — gross energy feces — gross
energy urine)/gross energy intake) x 100.

ANOVA was conducted using the Generalized Linear Model (GLM) procedure (SAS Institute, Inc. 1994,
Cary, NC, USA), considering the main effects and the interactions between each of the two factors. Weaning
age was included in the model as covariate. When the analysis of variance showed significant effects of ME
levels, the sum of squares was broken down into linear or quadratic effect. Pooled SEM was calculated by
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averaging the SEM calculated with the GLM procedure of SAS for the variable of interest. Pearson
correlation was run by the CORR procedure of SAS to evaluate the direction and magnitude in what the
factors WW and ME are related to the evaluated responses. The cage was the experimental unit for all
analyses, and results were considered statistically significant if P<0.05 and a trend if P<0.10.

Table 1. Composition of experimental diets (as-fed basis)

Item Phase I ! Phase II!
3.40 3.60 3.80 3.40 3.60 3.80

Ingredient, %

Corn 35.32 31.20 27.07 35.12 36.69 38.24
Soybean meal 18.00 19.50 21.00 22.00 22.15 22.30
Soybean oil 073 3.12 550 293 396 5.00
Milk whey 1586 14.81 13.76 1096 7.29 3.63
Sugar 3.00 3.00 3.00 3.00 3.00 3.00
Swine plasma 400 425 450 1.00 1.00 1.00
Corn gluten, 64% CP 357 439 520 620 6.60 7.00
Powdered whole milk 6.06 997 1388 0.00 794 15.87
Full-fat rice bran 10.00 6.23 246 15.00 7.50 0.00
Dicalcium phosphate 098 1.10 1.22 1.04 112 1.20
Limestone 095 094 092 1.15 1.13 1.11
Salt 0.00 0.01 001 024 024 025
Vitamin premix 2 0.04 0.04 004 004 0.04 0.05
Mineral premix 3 0.08 0.08 0.08 0.07 0.07 0.07
DL-Met 0.14 0.15 015 014 016 0.17
L-Lys.HCL 042 040 038 057 057 0.57
L-Thr 0.08 0.07 0.06 013 013 0.13
L-Trp 0.02 0.02 002 004 0.04 0.04
Zinc oxide 027 027 027 0.00 0.00 0.00
Copper sulfate 0.04 0.04 004 0.03 0.03 0.03
Acidifier* 040 040 040 030 030 0.30
Halquinol, 60% > 0.02 0.02 0.02 0.02 0.02 0.02
Ethoxyquin ¢ 0.02 0.02 002 002 0.02 0.02

Calculated composition
Metabolizable energy, Mcal/kg 340 3.60 380 340 3.60 3.80

Crude protein, % 21.00 22.50 24.00 21.00 22.15 23.30
Fat, % 578 846 11.15 725 9.8 11.12
Calcium, % 082 087 092 083 088 093
Dig Phosphorus, % 049 052 055 045 048 051
Ca:P 1.67 167 167 184 183 1.83
Dig Lys, % 1.41 1.49 1.58 133 141 1.49
Lactose, % 1400 14.80 15.60 8.00 8.50 9.00
Lys:ME, g/Mcal 414 414 414 391 391 391

Analyzed composition

Metabolizable energy, Mcal/kg 346 360 379 347 358 383
1Phase I (0 to 14 d). Phase II (15 to 28 d)
2 Added per kilogram of diet (Phase I): vitamin A, 14,400 IU; vitamin D3, 2,700 IU: vitamin E, 32.40 mg:
vitamin K, 3.60 mg; vitamin B1, 2.88 mg; vitamin B2, 9.18 mg; vitamin B6, 2.79 mg: vitamin B12, 34.20
mg: pantothenic acid, 23.40 mg; niacin, 46.80 mg: folic acid, 0.81 mg: and biotin, 162 ng. Added per
kilogram of diet (Phase II): vitamin A, 11,280 IU: vitamin D3, 2,400 IU; vitamin E, 28.80 mg: vitamin K,
3.20 mg: vitamin Bl, 2.56 mg: vitamin B2, 8.16 mg: vitamin B6, 2.48 mg: vitamin B12, 30.4 mg;
pantothenic acid, 20.80 mg: niacin, 41.60 mg: folic acid, 0.72 mg: and biotin, 144 ng.
3 Added per kilogram of diet (Phase I): Se, 0.48 mg; I, 0.56 mg: Fe, 64.0 mg: Cu, 12.80 mg: Zn, 128.0 mg;
and Mn, 48.0 mg. Added per kilogram of diet (Phase II): Se, 0.42 mg: I, 0.49 mg; Fe, 56.0 mg; Cu, 11.20
mg: Zn, 112.0 mg: and Mn, 42.0 mg.
4 Ultracid Plus (14.4 mg/kg, INVE Technologies, Dendermonde, Belgium).
5120 mg/kg (Novartis, Barueri, Sdo Paulo, Brazil).
666 mg/kg (Novus Int., Mississauga, ON, Canada).
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Results and Discussion

There was no significant interaction between ME and WW for any of the evaluated responses. The
hypothesis of this study was that light piglets fed a diet concentrated in energy and nutrients,
especially lysine, were able to improve the utilization of N and dietary energy in relation to the heavy
piglets due to a specific energy and nutrient requirements. However, the results refute our hypothesis.
This can be observed due to the lack of interaction between weaning weight and ME levels for all
evaluated responses.

There was no effect of WW on N balance responses in the pre-starter phase, only a trend to a higher
N intake and absorption for heavy weaned piglets (P<0.10). These results may be an effect of an
immature digestive system of these animals at that point, even for piglets that were weaned heavier.
On the other hand, WW significantly influenced N balance in the starter and total period, with
consequent improvement in the use of this nutrient but only for heavy animals. In fact, heavy weaned
piglets presented 14% higher intake, absorption, and retention N (P<0.05), in the starter and total
period. Weaning weight, however, had no effect on N in feces, urine, N ret/abs ratio or on energy
metabolizability (Table 2). The N intake in light piglets is directly related to the lower values of the
N absorbed and retained. This result may have been due to a limited intestinal physical capacity that
prevents light piglets from increasing feed intake in relation to heavy piglets, as reported by Taylor
et al.0”7. The lack of effect of WW on energy metabolizability was also observed by Arnaiz et al.('?),
who studied piglets weaned at 4.0 and 6.0 kg, quite close to the WW range used in the present study.

The low capacity of light weaned piglets to take advantage of a nutrient-enriched diet may also be a
reflection of their low birth weight and, consequently, a lower nutritional requirement in relation to
heavy piglets. Previous studies”-'® report that WW is highly correlated with birth and slaughter
weight. Many factors related to low birth weight may be related to a limitation of growth during the
uterine phase. As observed by Paredes et al.!?, light piglets had less muscularity in terms of total
muscle fiber number and fiber area size. The number of fibers is related to the natal development®?,
whereas the fiber diameter is directly related to post-birth hypertrophy®?. Thus, pigs with low fiber
numbers and low capacity for hypertrophy would consequently have lower muscle mass and lower
requirement of nutrients, so that nutritional manipulations, such as increased dietary energy or the
maintenance of the lysine:energy ratio, would have no effect on the ability of light piglets to take
advantage of dietary N, as observed in this study. Jones et al.?? and Ribeiro et al.*® observed that
heavy piglets deposit more protein and are more efficient at retaining nitrogen, supporting our results.

There was a linear effect of the dietary ME levels on N intake absorbed and retained at the starter and
total phase (P<0.05), Table2. In all the evaluated periods, increasing dietary ME linearly increased
metabolizability of energy (P<0.05), as shown in Table 2. The linear regression of the ME levels
against the N balance responses, in the total and starter phases, had a good fit (r* >70%), with
exception for N intake in the starter period (r> = 63%), as shown in Figure 1. For energy
metabolizability, the r> was higher than 88% in all evaluated periods (Figure 2).

The improvement on N retention and metabolizability as a function of increased dietary energy levels
has also been observed in previous studies('®!?). It may be related to the increased oil levels, used to
raise ME levels, and with the increasing percentage of crude protein in the diets. The increase in oil
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may have increased the retention time in the digestive system, which allow more time for digestion

and absorption to take place, resulting in the linear effect observed on these responses.

Table 2. Nitrogen balance and energy metabolizability according to the dietary |
metabolizable energy and weaning weight!

ME, Mcal/kg WW, kg P-value
Item 340 3.60 3.80 SEM* 6.7 4.5 SEM ME WW
Piglets, n 11 10 11 - 16 16 - - -

Pre starter,1a 14 d

N intake, g/d  19.14 18.30 19,81 1.26 20.30 17.87 1.29 0403 0.072
N feces, g/d 324 278 287 0.22 317 235 023 0307 0278
N urine, g/d 1.71 2.04 205 0.22 197 189 023 0472 0.837
N absorbed, 1590 15.52 1694 0.68 17.13 15.11 0.69 0.329 0.090

g/d

N retained. 14.19 13.49 1489 0.70 15.16 13.22 0.71 0.389 0.113
g/d

N ret/abs 0.89 087 088 0.01 0.88 0.88 0.01 0428 0.785
Coef. ME3, % 90.14 90.60 91.69 0.36 90.88 90.74 0.37 0.016 0.816
Starter (15 a 28 d)

N intake3, g/d 25.28 30.26 29.62 1.28 30.65 26.12 1.28 0.021 0.048
N feces, g/d 321 3.3 240 032 309 273 032 0.152 0.506
N urine, g/d 385 483 450 042 488 391 043 0.268 0.188
N absorbed, 22.07 27.12 27.22 1.06 27.56 23.38 1.08 0.002 0.029

g/d
N retained?, 18.22 2229 2272 097 22.68 19.47 099 0.004 0.062
g/d
N ret/abs 082 082 083 001 082 083 0.02 0.838 0.676

Coef. ME?, % 87.40 87.97 9093 045 88.93 88.60 047 0.000 0.671
Total period,1a28d

N intake3, g/d 23.24 26.27 26.35 0.99 27.20 23.37 1.01 0.052 0.030
N feces, g/d 322 301 256 027 312 274 028 0.214 0415
N urine, g/d 3.14 390 3.69 0.3l 391 324 032 0.224 0.216
N absorbed®, 20.01 23.26 23.79 0.79 24.08 20.63 0.81 0.004 0.017

g/d
N retained3, 16.88 19.36 20.11 0.72  20.17 17.39 0.73 0.008 0.031
g/d
N ret/abs 084 085 084 001 084 085 0.01 0.787 0.899

Coef. ME3, % 88.77 89.28 91.31 0.26 8991 89.67 0.27 0.000 0.600
N = nitrogen, ME = metabolizable energy; WW = weaning weight; Coef. ME = coefficient of
metabolizable energy.

Pooled SEM
3Linear effect
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Figure 1. Linear effect of the dietary metabolizable energy levels on nitrogen intake (A;
Ystarter =9.80X — 6.96 [12 = 0.63]; Yiotal = 6.87x — 0.51 [r? = 0.76]) absorbed (B; Ystater =
11.95x -17.59 [r2= 0.75]); Yiotal = 8.64x — 8.79 [r> = 0.86]) and retained (C; Yistarter = -
10.50x — 16.73 [r*>= 0.83]; Yiotat = 7.40x — 7.87 [r*> = 0.92]). Each point represents the
mean of 11 piglets for the levels 3.40 and 3.80 Mcal/kg and 10 piglets for the level 3.60
Mcal’kg EM
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Figure 2. Linear effect of the dietary metabolizable energy levels on energy
metabolizability: Ypre-stater = 3.82X + 77.08 [r?2 = 0.91]; Ystater = 8.79x — 57.13 [1? =
0.88]); Ytota=6.31x —67.10 [r?= 0.89]. Each point represents the mean of 11 piglets for
the levels 3.40 and 3.80 Mcal/kg and 10 piglets for the level 3.60 Mcal’kg EM

By considering the concept that pigs eat to satisfy their energy needs, we adjusted the nutrients
accordingly to the energy density augmentation. This adjustment assures that the animals may
consume the same amount of energy and nutrients regardless of the energy density of the diets®42%),
So, essentially nutrient to ME ratios were constant among three diets for each phase, mainly Lys
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which was 4.14 and 3.91 g/Mcal in the pre-starter and starter period, respectively. By trying to
maintain a constant Lys:ME ratio, we raised crude protein from 21 to 24%. As we did not find any
effect of the ME levels on the N excretion, it allows us to infer that the lower energy levels (3.40 and
3.60 Mcal/kg) did not affect the metabolic utilization of nitrogen. Also, the increased crude protein
did not result in an increased N excretion, which may reflect a correct balance in the amino acid
profile in these diets.

There was a positive correlation between WW and N intake, retention, absorption (P<0.05, r=0.61;
Table 3). Dietary ME levels correlated positively with N absorbed and retained (P<0.01; r = 0.40)
and with energy metabolizability (P<0.01; r = 0.76). The direction and magnitude of the influence of
the ME levels and WW corroborates the influence of the first factor on metabolizability of energy
and N ingested, retained and absorbed. Also, it confirms the absence of WW effect on
metabolizability of energy.

Table 3. Correlation of weaning weight and dietary metabolizable energy levels with
variables related to nitrogen balance and energy metabolizability

Item Weaning weight Metabolizable energy

Coefficient P-value Coefficient P-value
N intake 0.613 0.000 0.304 0.090
N feces 0.312 0.082 -0.320 0.074
N urine 0.333 0.062 0.213 0.242
N absorbed 0.615 0.000 0.403 0.022
N retained 0.611 0.000 0.401 0.023
N ret/abs -0.009 0.960 0.046 0.803
Metabolizability of energy -0.015 0.932 0.764 0.000

Conclusions

Increased dietary metabolizable energy improved energy metabolizability and nitrogen retention,
regardless of the weaning weight. Heavy weaned piglets had better efficiency in the use of the dietary
nitrogen in terms of nitrogen absorption and retention.
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