
Contents lists available at ScienceDirect

Livestock Science

journal homepage: www.elsevier.com/locate/livsci

Short communication

Use of digestible rather than total amino acid in diet formulation increases
nitrogen retention and reduces nitrogen excretion from pigs

S.A. Lee, H. Jo, C. Kong, B.G. Kim⁎

Department of Animal Science and Technology, Konkuk University, Seoul 05029, Republic of Korea

A R T I C L E I N F O

Keywords:
Amino acid
Formulation
Nitrogen balance
Requirement
Swine

A B S T R A C T

One of the goals of swine diet formulation is minimizing nitrogen (N) excretion as well as maximizing N
retention. This study was conducted to test the hypothesis that different requirement expressions of dietary
amino acids (AA) may affect N balance in pigs. Twelve pigs with average body weight of 40.9 kg (standard
deviation =3.3) were used in a quadruplicated 3×3 Latin square design. Three diets were formulated to meet AA
requirement estimates based on total AA (Diettotal), apparent ileal digestible AA (DietAID), or standardized ileal
digestible AA (DietSID) with constant amounts of corn, soybean meal, and corn germ meal but different
crystalline AA contents. Total feces and urine were collected. Nitrogen balance was calculated based on the
analyzed data of the diets, feces, and urine samples. Preplanned orthogonal contrasts were used to compare the
least squares means among treatments: 1) Diettotal vs. DietAID and DietSID and 2) DietAID vs. DietSID. Pigs fed
Diettotal had less retained N (P=0.048) and retention coefficients (P < 0.01) resulting in greater urinary
(P=0.014) and total (P=0.017) N excretion than DietAID and DietSID. Urinary N excretion tended to be greater
(P=0.074) for pigs fed DietAID than DietSID. In conclusion, formulating swine diets based on digestible AA rather
than on total AA can reduce N excretion.

1. Introduction

One of the goals of swine diet formulation is to minimize nitrogen
(N) excretion as well as to maximize N retention (NRC, 2012). There
have been many studies on strategies to reduce N excretion from pigs
(Kerr and Easter, 1995; Kornegay and Harper, 1997; Han et al., 2001;
Rots, 2004) and, in terms of the diet formulation, those include: 1) use
of feed ingredients with high amino acid (AA) availability for animals,
2) use of available N or AA values such as ileal digestibility, 3)
supplementation of crystalline AA by lowering the crude protein (CP)
contents in diets along with the ideal protein ratio, 4) reducing the
safety margin of the nutrients, and 5) use of the feed enzymes to
improve the digestibility.

The AA requirements for pigs are expressed with 3 different
concepts in NRC (2012): total, apparent (AID), and standardized ileal
digestible (SID) AA basis. In the NRC (2012), it is indicated that the
requirement estimates for the AID and total AA requirements should
be applied to the standard diet based on corn and soybean meal (SBM)
with 0.1% added L-lysine∙HCl and containing 3% added vitamins and
minerals. This is because the dietary levels of AID and total AA
requirement estimates had been calculated based on the SID AA in
the standard diet (NRC, 2012). We hypothesized that N excretion in

feces and urine may be affected by the dietary AA requirement
expressions when formulating the diets with a feed ingredient whose
AA contents and the digestibility are not consistent with those in the
standard diet. To our knowledge, however, the information on N
balance in pigs fed diets formulated according to 3 different expres-
sions of AA is scarce. Therefore, the objective of this study was to
measure N excretion in feces and urine in pigs fed the diets formulated
based on the diet requirement expressions of dietary AA.

2. Materials and methods

The procedure for animal experiment was reviewed and approved
by the Institutional Animal Care and Use Committee at Konkuk
University.

2.1. Animals, diets, and experimental design

Twelve crossbred barrows with an initial body weight (BW) of
40.9 kg (standard deviation =3.3) were housed individually in meta-
bolic crates to determine N balance.

The analyzed nutrient compositions are presented in Table 1 but we
referred to the literature (NRC, 2012) for the amount of total, AID, and
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SID AA in corn and SBM for the formulation of experimental diets.
Additionally, the amounts of total, AID, and SID AA in corn germ meal
were based on the values reported by Park et al. (2014). Three diets
were formulated to meet the requirement estimates for 40–65 kg of
barrows (NRC, 2012) based on total, AID, or SID AA (Diettotal, DietAID,
or DietSID, respectively; Tables 2, 3). With constant amounts of corn,
SBM, and corn germ meal, the crystalline AA including L-lysine∙HCl,

DL-methionine, L-threonine, or L-tryptophan were added to the diets at
the expense of cornstarch to adjust the dietary AA levels to each
requirement estimate.

Pigs were allotted to a quadruplicated 3×3 balanced Latin square
design (Kim and Stein, 2009) with 3 diets and 3 periods.

2.2. Feeding and sample collection

Based on the individual BW of pigs at the beginning of each period,
daily feed allowance was calculated as 2.7 times the estimated energy
requirement for maintenance (i.e., 197 kcal metabolizable energy/kg
BW0.60; NRC, 2012). Pigs were provided 2 equal meals at 0830 and
1630 h and water was freely available at all times.

Feces and urine samples were collected through a 5-d collection period
with a 5-d adaptation period. On d 6 and 11 of an experimental period,
chromic oxide (5.0 g/kg of diet) was added to the morning feed as an
indigestible marker for initiation and termination of fecal collection period
(Kong and Adeola, 2014). The fecal collection was initiated at the first
appearance of the marker color in the feces and was terminated at the
second appearance of the marker. The collected feces were immediately
stored at −20 °C. From d 6 at 1400 h to d 11 at 1400 h, urine was
continuously collected in a bucket with 200 ml of 3 N HCl and stored at
−20 °C until analyzed. The amounts of excreted N and retained N were

calculated from the analyzed N concentrations in the feces and urine
samples that were pooled for each animal.

2.3. Chemical analysis

The ingredient and diet samples were analyzed for the gross energy
using an isoperibol oxygen bomb calorimeter (Parr 1261, Parr
Instruments Co., Moline, IL, USA), dry matter (AOAC, 2005; method
930.15), N (AOAC, 2005; method 990.03), ether extract (AOAC, 2005;
method 920.39), crude fiber (AOAC, 2005; method 978.10), ash (AOAC,
2005; method 942.05), calcium (AOAC, 2005; method 978.02), phos-
phorus (AOAC, 2005; method 946.06), neutral detergent fiber (AOAC,
2005; method 2002.04) with a heat stable amylase treatment including
residual ash, and acid detergent fiber (AOAC, 2005; method 973.18)

Table 1
Analyzed nutrient composition of ingredients (g/kg, as-fed basis).

Item Ground corn Soybean meal Corn germ meal

Dry matter 874 892 958
Gross energy, kcal/kg 3889 4216 5027
Crude protein 82 481 205
Ether extract 24.1 10.3 126
Crude fiber 18.9 34.7 115
Ash 11.4 67.7 23.8
Calcium 0.6 4.2 0.2
Phosphorus 2.3 6.2 5.6
Neutral detergent fibera 149 47.2 487
Acid detergent fibera 19.2 41.5 137

Indispensable amino acids
Arginine 3.6 33.6 13.8
Histidine 2.2 12.3 6.2
Isoleucine 2.7 20.7 7.5
Leucine 10.2 35.9 16.0
Lysine 2.5 30.2 9.5
Methionine 1.5 5.8 3.7
Phenylalanine 4.1 23.7 9.7
Threonine 3.0 19.1 7.7
Tryptophan 0.5 6.2 2.0
Valine 3.7 21.7 10.8

Dispensable amino acids
Alanine 6.0 20.4 11.8
Aspartic acid 5.5 52.6 13.9
Cysteine 2.0 7.9 4.0
Glutamic acid 15.1 87.3 28.3
Glycine 2.9 19.7 10.5
Proline 6.7 21.3 9.8
Serine 3.9 23.8 9.2
Tyrosine 2.9 14.4 6.2

a Neutral detergent fiber was determined with a heat stable amylase and is expressed
inclusive of residual ash; acid detergent fiber is expressed inclusive of residual ash.

Table 2
Ingredient and nutrient compositions of experimental diets formulated based on
different AA requirement expressions (g/kg, as-fed basis).

Itemb Treatmenta

Diettotal DietAID DietSID

Ingredients
Ground corn 481.2 481.2 481.2
Corn germ meal 350.0 350.0 350.0
Soybean meal, 48% CP 115.0 115.0 115.0
Cornstarch 6.8 3.2 3.9

L-lysine∙HCl, 78% lysine 2.6 4.0 3.8

DL-methionine 0.6 1.2 1.0

L-threonine – 1.3 1.1

L-tryptophan – 0.3 0.2
Soybean oil 20.0 20.0 20.0
Ground limestone 7.4 7.4 7.4
Dicalcium phosphate 9.4 9.4 9.4
Salt 4.0 4.0 4.0
Vitamin–mineral premixc 3.0 3.0 3.0

Calculated values
Metabolizable energy, kcal/kg 3299 3301 3301
CP 172 175 175

Total AA
Lysine 10.2 11.3 11.1
Methionine 3.02 3.62 3.42
Methionine + cysteine 5.93 6.53 6.33
Threonine 6.64 7.92 7.73
Tryptophan 1.71 2.01 1.91

AID AA
Lysine 7.26 8.36 8.20
Methionine 2.47 3.06 2.86
Methionine + cysteine 4.21 4.81 4.61
Threonine 3.53 4.81 4.62
Tryptophan 1.24 1.53 1.44

SID AA
Lysine 7.78 8.88 8.73
Methionine 2.59 3.18 2.98
Methionine + cysteine 4.57 5.16 4.97
Threonine 4.29 5.58 5.38
Tryptophan 1.39 1.68 1.59
SID Lysine: SID CP 0.071 0.081 0.080

a Diettotal = diet formulated on total AA basis; DietAID = diet formulated on apparent
ileal digestible (AID) AA basis; DietSID = diet formulated on standardized ileal digestible
(SID) AA basis.

b CP = crude protein; AA = amino acids.
c Provided the following quantities per kg of complete diet: vitamin A, 25,000 IU;

vitamin D3, 4,000 IU; vitamin E, 50 IU; vitamin K, 5.0 mg; thiamin, 4.9 mg; riboflavin,
10.0 mg; pyridoxine, 4.9 mg; vitamin B12, 0.06 mg; pantothenic acid, 37.5 mg; folic acid,
1.10 mg; niacin, 62 mg; biotin, 0.06 mg; Cu, 25 mg as copper sulfate; Fe, 268 mg as iron
sulfate; I, 5.0 mg as potassium iodate; Mn, 125 mg as manganese sulfate; Se, 0.38 mg as
sodium selenite; Zn, 313 mg as zinc oxide; butylated hydroxytoluene, 50 mg.
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