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1. Project Leader: C. de Lange  

2. Project Title: Nitrogen requirements and utilization in growing pigs  

Objectives of the Research Proposal: 1) To quantify the efficiency of using nitrogen (N)  

from different sources (protein or non-protein N [NPN]) infused into the large intestine for 

whole body protein deposition in pigs fed diets that are limiting in either an essential amino 

acid (valine) or non-essential amino acids (total N).  2) To examine the impact of feeding 

diets that supply varying amounts of N and similar amounts of essential amino acids on 

growth performance, feed efficiency, carcass quality and nutrient utilization efficiency in 

growing pigs. 

Benefit of Research to the Ontario Pork Industry: This research yielded quantitative 

recommendations for the use of different dietary N sources, including inexpensive NPN, for 

body protein deposition in growing pigs, which will have direct implications for 

formulation of practical pig diets, especially when using large amounts of crystalline amino 

acids.  Feed costs are the single largest contributor to the cost of pork production.  After 

energy, amino acids and protein are the 2nd largest contributors to nutrient costs of pig diets.  

A mere savings of $0.50 per growing-finishing pig represents more than $2,000,000 per 

year for the Ontario Pork industry.  Moreover, improvements in the efficiency of N 

utilization will reduce the environmental impact of pork production. 

Summary of research results: N absorbed by the large intestine, primarily in the form of 

ammonia, is generally considered to be of little nutritional value for pigs. The main objective of 

this research was to explore the effects of providing inexpensive NPN (urea or ammonia) on N 

utilization and growth performance of pigs fed diets deficient in either total N or valine; among 

amino acids the contribution of microbial amino acid production in the small intestine to 

requirements of pigs is greatest for valine.  In pigs fed valine limiting diets the infusion of N 

from either intact amino acids or urea into the large intestine improved N retention; this 

response was attributed to microbial valine production in the small intestine and similar for both 

N sources, with an estimate efficiency of about 20%.  In pigs fed N limiting diets, urea-N 

infused into the large intestine increased N retention, with an estimated efficiency of 96%.  

When feeding growing pigs N deficient diets, feed efficiency increased linearly with level of 

dietary supplementation with ammonium salts.  Inexpensive NPN, absorbed in either the small 

or large intestine of pigs can be used efficiently for improving N retention and feed efficiency in 

pigs fed diets deficient in N, i.e. when large amounts of crystalline amino acids are included in 

the diet.  
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NITROGEN REQUIREMENTS AND UTILIZATION IN GROWING PIGS  

 

D. Columbus1, W. Mansilla1, J. Htoo2 and C.F.M. de Lange1. 
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2Evonik Industries AG, Hanau, Germany 

 

 

Background and introduction 

 

Largely because of economic reasons and environmental impacts, it is critical that amino 

acid requirements of pigs are well-defined and that practical pig diets are formulated to 

closely meet the pig’s requirements.  For example, in previous on-farm case studies, 

which were in part supported by Ontario Pork, it was shown that careful evaluation and 

refinements of feeding programs for growing-finishing pigs can increase gross margin 

per pig by $3.25 and reduce nitrogen losses into the environment by 13% (Zhu et al., 

2008). 

 

With the increased availability of alternative protein sources - including crystalline amino 

acids such as lysine, methionine, threonine, tryptophan, isoleucine and valine – it 

becomes increasingly important to explore the requirements for all essential amino acids 

(including phenylalanine, histidine, leucine), semi-essential amino acids (cysteine, 

tyrosine; possibly glutamine, arginine and proline) and nitrogen.  Based on a thorough 

analysis of the available literature, it is remarkable how little information is available on 

the nitrogen requirements of pigs (Heger, 2003; Lenis et al., 1999; NRC 2012).   

 

The main aim of these studies was to quantify efficiencies of using nitrogen from 

different sources for whole body protein deposition in pigs fed diets that are limiting in 

either non-essential amino acids (nitrogen) or an essential amino acid (valine).  Valine 

was chosen as among essential amino acids the potential contribution of microbial 

produced amino acids in the small intestine of pigs to the pig’s amino acid requirements 

is largest for valine (e.g. Columbus and de Lange, 2012).  

 

Specific research activities and objective were to: 

  

1. determine whole body nitrogen retention (whole body protein deposition) and 

urea kinetics (recycling and utilization of non-protein nitrogen) in pigs fed a diet 

limiting in valine during an infusion of either saline (control), casein (a mix of 

easily digestible protein-bound essential and non-essential amino acids) or urea (a 

source of non-protein nitrogen) into the large intestine (metabolism study 1); 

2.  determine whole body nitrogen retention and urea kinetics in pigs fed a diet 

limiting in non-essential amino acids during an intravenous infusion of either 

saline (control) or non-essential amino acids (glycine, glutamine, glutamate), or a 

large intestinal infusion of urea (and possibly casein)(metabolism study 2); and 
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3.   determine the impact of dietary protein levels, specifically the essential amino 

acid to total nitrogen ratio, on growth rates, feed efficiency, carcass quality, whole 

body protein deposition and whole body energy retention (combined growth 

performance and serial slaughter study).   Diets were formulated based on the 

results obtained in experiments under activity 1 and 2, and will likely represent 

three dietary protein levels in a three phase feeding program.  Across treatments, 

dietary levels of essential amino acids are maintained to explore the use of various 

nitrogen sources for endogenous synthesis of non-essential amino acids. 

 

With additional support obtained from Evonik and the Swine Innovation Porc, the scope 

of the project was expanded and objectives were slightly altered.  In particular, some 

tracer work has been incorporated into the project to better understand the fate of nitrogen 

that is absorbed from the large intestine of pigs and the effect on nutrient infusions into 

the large intestine on nutrient uptake from the small intestine was quantified.  The latter 

was deemed critical for the interpretation of results from nutrient infusion studies.   

 

Report of progress and key findings 

 

The project has been completed and results have been presented to the Ontario pork and 

feed industry (Columbus et al., 2012; Mansilla et al., 2013a,b,c) as well as at scientific 

meetings.  The project has supported a Ph.D. student (Dan Columbus; thesis defended 

September 2012) and a M.Sc. Student (Wilfredo Mansilla; thesis defended September 

2013). 

 

Activity 1. To assess the impact of nitrogen (N) infusion into the large intestine on 

ileal nutrient digestibility, eight gilts with an initial BW of 23.3 ± 0.55 kg were fitted 

with simple T-cannulas in the distal ileum and cecum (Nyachoti et al., 1997) for infusion 

of either saline, casein, or urea solutions.  All pigs received the same cornstarch and 

soybean meal-based diet (13.7% CP) fed at 2.8 times maintenance DE requirements per 

day (800 KJ per kg of BW0.60).   Pigs were fed 3 equal meals per day at 0830, 1230, and 

1630 h.  Water was freely available from nipple drinkers for the duration of the study.  

Pigs were randomly assigned to 1 of 3 cecal infusions per period according to a balanced 

crossover design with two 3 x 3 Latin Squares.  Solutions were infused into the large 

intestine at approximately 1.4 mL/min to provide N from casein or urea equivalent to 

40% of dietary N intake.  Each experimental period lasted 9 d in duration and consisted 

of a 5 d infusion adaptation period followed by two 2 d collection periods.  In this study, 

there was no impact of N supply into the large intestine on apparent ileal digestibility 

of dry matter, organic matter, N or any of the amino acids that were measured (P > 

0.10).  Apparent ileal digestibility may be an insufficiently sensitive measure to 

determine effects of N metabolism in the large intestine on N absorption from the lower 

gut and subsequent recycling into the small intestine. 

 

Activity 2. To assess the impact of nitrogen (N) infusion into the large intestine on 

whole body protein deposition in growing pigs fed valine limiting diets, nine cecally 

cannulated and jugular catheterized barrows (initial BW 22.4 ± 1.2 kg) were randomly 

assigned to 1 of 3 cecal N infusion treatments: saline, casein, or urea, the latter two 

treatments infused at a rate of 40% of daily N intake.  All pigs were fed a common 

valine-limiting cornstarch and soybean meal-based diet.  Results are presented in Table 1. 
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There was no impact of cecal N infusions on apparent fecal digestibility of N (P > 0.05).  

The efficiency (% of standardized ileal digestible intake) of using N and valine for whole 

body protein and valine retention increased for casein and urea.  Urea flux and urinary N 

excretion increased similarly for both N infusions (P < 0.05), but this increase did not 

fully account for N uptake from the large intestine.  Uptake of N from the large intestine 

is in the form of non-protein N which appears to be recycled into the small intestine 

where it is used for microbial amino acid production and – based on valine and 

nitrogen utilization – improves body protein gain by more than 10% (Table 1).  

Nitrogen metabolism in the large intestine should be considered when determining N and 

amino acid supply and requirements.   

 

Table 1. Body weight, nitrogen (N) intake and infused, and N-balance values in pigs fed 

a valine-limiting diet and infused with saline, casein, or urea into the cecum1. 
 Treatment  

 Saline  Casein  Urea  P-value2 

Mid period body weight, kg 37.1 ± 0.8 37.3 ± 0.8 37.4 ± 0.8 0.63 

N intake, g/d, 30.8 ± 0.7 30.6 ± 0.7 30.8 ± 0.7 0.46 

N infused, g/d 0.00a 11.5 ± 0.3b 11.1 ± 0.3b <0.001 

Fecal N excretion, g/d 4.11 ± 0.29a 6.07 ± 0.26b 5.04 ± 0.26c <0.001 

Large intestinal N disappearance or absorption, g/d 

    Total N3 0.95 ± 0.48a 10.6 ± 0.43b 11.5 ± 0.43b <0.001 

    % of N infused4 - 91.3 ± 2.9a 103.3 ± 2.9b 0.026 

Urinary excretion (g N/d)     

    Urea 4.65 ± 0.75a 10.1 ± 0.69b 11.0 ± 0.70b <0.001 

    Total N 7.37 ± 0.57a 14.2 ± 0.52b 15.3 ± 0.53b <0.001 

Protein deposition (g/d)5 114 ± 3.4a 128 ± 3.1b 130 ± 3.1b <0.01 

Efficiency of N utilization for N retention 

   % of SID6 intake7 74.2 ± 2.0a 84.3 ± 1.8b 85.0 ± 1.8b <0.001 

   % total N supply8 73.5 ± 1.5a 58.3 ± 1.3b 57.1 ± 1.3b <0.001 

   % of lower gut  

                disappearance)9 

- 18.7 ± 5.5 16.5 ± 5.5 0.74 

Efficiency of Val utilization for 

valine retention, % of SID 

intake10 

95.1 ± 2.5a 108.9 ± 2.3b 106.0 ± 2.3b <0.01 

1 Main effect of treatment 
2 Calculated as: ileal flow + caecal infusion – fecal flow.  Ileal flow based on ileal digestibility values 

determined previously. 
3 Calculated as: lower gut nitrogen disappearance/(ileal nitrogen flow + nitrogen infused) 
4 Calculated as: (lower gut nitrogen disappearance on Casein or Urea treatment – lower gut nitrogen 

disappearance on Control treatment)/nitrogen infused 
5 Calculated as: (nitrogen intake + nitrogen infusion – faecal nitrogen excretion – urine nitrogen excretion) 

x 6.25 
6 Standardized ileal digestible 
7Calculated as: (nitrogen retained in body protein) / (standardized ileal digestible nitrogen intake – nitrogen 

losses with skin and hair).  Nitrogen losses with skin and hair assumed to be 16.8 mg kg-0.75 d-1 according to 

{{382 Moughan, P.J. 1999}}. 
8 Calculated as: (nitrogen retained in body protein) / (standardized ileal digestible nitrogen intake + lower 

gut nitrogen disappearance – nitrogen losses with skin and hair).  Nitrogen losses with skin and hair 

assumed to be 16.8 mg kg-0.75 d-1 according to {{382 Moughan, P.J. 1999}}. 
9 Calculated as: [(nitrogen retained in body protein on Casein or Urea treatment) – (nitrogen retained in 

body protein on Control treatment)] / (lower gut nitrogen disappearance) 
10 Calculated as: (protein deposition x valine % of body protein) / (apparent ileal digestible valine intake – 

valine losses with skin and hair).  Body protein assumed to contain 4.69% valine according to {{414 
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Kyriazakis, I. 1993}}.  Skin and hair losses assumed to be 105 mg kg-0.75 d-1 and contain 0.36% valine 

according to {{382 Moughan, P.J. 1999}}. 
a,b Values within a row without a common superscript differ significantly (P < 0.05) 

 

 

Activity 3. To assess the impact of nitrogen infusion into the large intestine on whole 

body N retention (body protein deposition) and N metabolism in growing pigs fed N 

limiting diets, nine pigs were used in an N-balance study.  The pigs (initial BW 16.9 ± 

0.27 kg) were fitted with a simple T-cannula in the caecum and fed a cornstarch and 

casein-based diet, at 2.8 times maintenance DE requirements, with a high ratio of 

essential amino acid N to total N (0.75). Pigs were randomly assigned to saline or two 

urea infusion rates into the caecum (0, 1.5 and 3.0 g/d urea-N) following a balanced 

design from two different 3 x 3 Latin Squares and during three subsequent experimental 

periods. At the highest urea infusion rate, ratio of essential amino acid N to total N supply 

from the diet and infused urea was 0.55. Within experimental periods, pigs were adjusted 

to treatments for 5 d prior to a 4 d N-balance period. Prior the third N-balance period, two 

jugular vein catheters were placed in each animal for continuous infusion of 15N15N-urea 

to determine urea kinetics. At the end of the experiment pigs were slaughtered and 

samples of liver were taken to measure activity of carbamoyl-phosphate synthetase I 

(CPS-I, EC: 6.3.4.16), glutamate dehydrogenase (GDH, 32 EC: 1.4.1.2) and glutamine 

synthetase (Gln-S, EC: 6.3.1.2). Results are presented in Tables 2 and 3. Whole body N 

retention was improved linearly with urea infusion into the large intestine (P < 0.01; 

mean ± SE; 4.86 ± 0.20, 6.40 ± 0.21, and 7.75 ± 0.19 g/d for 0, 1.5 and 3.0 g/d urea-N 

infused, respectively). Average daily gain was also improved linearly (P < 0.05; 267 ± 

16, 314 ± 17 and 360 ± 15 g/d, respectively). When compared to the control (0 g/d urea-

N infusion), the marginal efficiency of using N absorbed by the lower gut for improving 

whole body N retention was not affected by urea infusion rate (P > 0.10; 104.1 ± 9.7 and 

87.4 ± 7.9 % for infusing 1.5 and 3.0 g/d urea-N, respectively). Plasma urea 

concentration was similar for all treatments (P > 0.10) and low (overall mean 0.23 mM). 

Urea flux and urea recycling were not altered by urea infusion into the caecum (P > 0.10). 

Enzymes activity of CPS-I or Gln-S were not different between treatments (P > 0.10), but 

GDH showed a trend for a positive linear response with increasing urea-N infusion rate 

(P = 0.057), indicating the use of NPN for endogenous synthesis of non-essential amino 

acids, rather than urea. Non-protein N (NPN) absorbed from the large intestine is 

efficiently used for body protein deposition when feeding pigs a diet deficient in N. 



 6 

Table 2.  Mean body weight, body weight gain, feed intake and aspects of N utilization 

in pigs fed a diet deficient in N, but adequate in supply of essential amino acids, and 

receiving urea infused into the caecum1 

 Urea-N infusion, g/d 

 

0.0  

(control) 

(n=7) 

1.5 

(n=6) 

3.0 

(n=8) 
P-value 

Total N infused, g/d -- 1.49 ±0.05a 3.02 ±0.04b <0.001 

Mean body weight, kg 25.5±0.7 25.2 ±0.7 25.4 ±0.7  

DM intake, g/d 922 ±6 906 ±6 914 ±6 0.131 

N intake, g/d 8.79 ±0.05 8.65 ±0.06 8.72 ±0.05 0.128 

N infused, % dietary N intake -- 17.1 ±0.4 a 34.7 ±0.4 b <0.001 

Body weight gain, g/d 267 ±16 a 314 ±17 ab 360 ±15 b 0.015 

      Relative to control, g/d -- +47 ±17 +93 ±15 0.015 

Apparent faecal N digest. % 82.4 ±1.3 82.0 ±1.4 84.7 ±1.2 0.295 

Fecal N excretion, g/d 1.54 ±0.11 1.57 ±0.12 1.33 ±0.10 0.248 

Urinary N excretion, g/d 2.38 ±0.20 2.21 ±0.22 2.63 ±0.19 0.389 

Whole body N retention, g/d 4.86 ±0.2 a 6.40 ±0.21b 7.75 ±0.19 c <0.001 

      Relative to control, g/d -- +1.54 ±0.21 a +2.89 ±0.19 b <0.001 

Body protein deposition, g/d 30.4 ±1.25 a 40.0 ±1.34 b 48.3 ±1.17 c <0.001 

      Relative to control, g/d -- +9.63 ±1.34 a +17.96±1.17 b <0.001 

Estimated ileal N flow, g/d2 0.59 ±0.01 0.59 ±0.01 0.59 ±0.01 0.639 

Lower gut N disappearance, g/d3 -0.96 ±0.11 a 0.50 ±0.11b 2.26 ±0.10 c <0.001 

  Relative to control, g/d -- 1.45 ±0.11a 3.22 ±0.10 b <0.001 

  % of N entering into the lower 

gut  

  (ileal flow + infused urea) 

-162.1 ±11.6 
a 

20.8 ±12.4 b 65.6 ±10.8 b <0.001 

  % of N infused, relative to 

control 
-- 98.7 ±5.9 106.3 ±5.2 0.326 

Marginal efficiency of N 

absorption for N retention4 -- 104.1 ±9.7 87.4 ±7.9 0.202 

1 Values are least square means ± standard error 
2 Calculated based on an ileal N digestibility of 93.3% (NRC, 2012). 
3 Calculated as: lower gut N disappearance = (ileal N flow + N infusion) – fecal N flow 
4 Calculated as: (Increase in N retention vs. control/Increase N disappearance in the lower gut vs. control) × 

100 
a,b,c Values (least square means ± standard error) in the same row followed by different superscripts differ 

significantly (P<0.05). 
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Table 3. Urea kinetics based on either enrichment in urine or plasma in pigs fed a diet 

deficient in NEAA-N and infused saline or 1.5 and 3.0 g urea-N/d in the caecum. 

 Urea-N infusion, g/d 

SEM P-value2 

 
0.0 

(n=2) 

1.5 

(n=2) 

3.0 

(n=2) 

Mean body weight, kg 32.5 31.5 32.0 0.469  

N intake, mmol/kg BW/d 21.1 21.1 20.7 0.19 0.372 

N infused,  mmol/kg BW/d -- 3.63a 7.13b 0.09 0.001 

Labeled urea infused into blood, 

mmol/kg BW/d 
0.191a 0.171b 0.172b 0.003 0.019 

N excretion in urine, mmol/kg BW/d 5.84 6.26 6.19 0.48 0.808 

Urea N excretion in urine, mmol/kg 

BW/d 
0.322 0.391 0.357 0.063 0.764 

Urea-N of total N excreted, % 5.53 6.23 5.99 1.32 0.931 

Ammonia-N excretion in urine, 

mmol/kg BW/d 
1.24 1.70 1.39 0.129 0.171 

Ammonia-N of total N excreted, % 21.2 27.2 22.9 2.84 0.421 

Plasma urea N, mM 0.2 0.3 0.2 0.06 0.465 

 

Measurements based on urine 
     

  15N urea enrichment urine3, % 33.1 31.1 28.7 2.03 0.423 

  Urea N flux, mmol/kg BW/d 1.16 1.10 1.21 0.10 0.758 

  Urea N recycling, mmol/kg BW/d 0.839 0.713 0.852 0.144 0.770 

  Urea recycling, % of urea flux 72.2 64.6 69.1 7.02 0.763 

 

Measurements based on blood 
     

  15N urea enrichment plasma3, % 33.4 28.7 27.6 1.29 0.097 

  Urea N flux, mmol/kg BW/d 1.15 1.19 1.25 0.066 0.610 

  Urea N recycling, mmol/kg BW/d 0.826 0.802 0.891 0.107 0.840 

  Urea recycling, % of urea flux 71.9 67.3 70.8 5.82 0.850 
1 Values are least square means. 
2 Main effect of treatments. 
3 Mole percent excess. 

 

 

Activity 4.  To determine the effect of supplementation of non-protein nitrogen 

(NPN), in the form of ammonium salts, to diets deficient in nitrogen (N) on 

performance of growing pigs, 48 gilts with an initial body weight (BW) of 15.2 ±1.3 kg 

were randomly assigned to 4 diets: (1) positive control (Pos Ctrl), not deficient in 

essential amino acids and N and all N supplied from intact protein (casein and soybean 

meal, SBM) or essential amino acids, (2) negative control (Neg Ctrl), supplying the same 

amount of critical essential amino acids as Pos Ctrl, but deficient in N, (3) Neg Ctrl with 

3 g/kg added ammonium (Low NPN), and  (4) Neg Ctrl with 6 g/kg added ammonium 
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(High NPN); the latter containing the same amount of digestible N as Pos Ctrl.  Pigs were 

grouped in 2 pigs per pen with 6 pens per treatment.  Body weight gain and feed intake 

were monitored weekly during a 3 week period, and blood samples were taken on day 14 

and 21 to determine plasma urea concentration. Results are presented in Table 4.  

 

Table 4. Body weight gain, feed intake and feed efficiency in growing pigs fed diets 

deficient in nitrogen (N) with increasing dietary inclusion levels of N supplied from of 

ammonium salts or intact protein. 

 
Neg 

ctrl 

(no 

NPN) 

Low 

NPN 

High 

NPN 

Pos 

ctrl 
SE1 

P-value 

 
Diet 

effect 

Simple 

linear 

regression2 

Pos. 

ctrl 

vs. 

Neg. 

ctrl 

Pos. 

ctrl 

vs. 

High  

Ammonium in diet, 

g/kg 
0.0 3.0 6.0 0.0 -- -- -- -- -- 

SID N in diet, g/kg 14.44 16.76 19.07 19.07 -- -- -- -- -- 

Initial BW, kg 15.6 15.1 15.3 14.8 0.6 0.757 0.670 0.297 0.538 

Final BW, kg 26.6 26.9 26.6 26.9 0.9 0.991 0.972 0.820 0.792 

Plasma urea, mM          

    week 2 0.089 0.090 0.092 0.091 0.001 0.548 0.210 0.349 0.685 

    wek 3  0.099 0.104 0.109 0.114 0.009 0.699 0.474 0.273 0.739 

BW gain, kg/d          

    week 01 0.23 0.31 0.23 0.27 0.04 0.486 0.973 0.540 0.516 

    week 02 0.64 0.60 0.63 0.64 0.03 0.785 0.788 0.874 0.657 

    week 03 0.62 0.67 0.67 0.72 0.03 0.125 0.212 0.019 0.215 

    week 2 & 3 0.63 0.64 0.65 0.68 0.02 0.409 0.568 0.117 0.313 

Feed intake, kg/d    
  

    

    week 01 0.93 0.92 0.83 0.83 0.05 0.345 0.174 0.183 0.988 

    week 02 1.36 1.26 1.20 1.20 0.05 0.131 0.057 0.040 0.964 

    week 03 1.40 1.43 1.34 1.40 0.04 0.514 0.288 0.891 0.347 

    week 2 & 3 1.39 1.35 1.28 1.30 0.04 0.237 0.064 0.158 0.619 

Gain:Feed    
  

    

    week 01 0.25 0.33 0.27 0.32 0.04 0.453 0.696 0.219 0.417 

    week 02 0.47a 0.48 ab 0.52 ab 0.54 b 0.01 0.005 0.015 0.002 0.391 

    week 03 0.44 0.47 0.50 0.51 0.02 0.135 0.107 0.034 0.643 

    week 2 & 3 0.45 a 0.47 ab 0.51 ab 0.52 b 0.02 0.019 0.034 0.005 0.496 

1 Standard error of means based on 6 observations (pens of 2 pigs) per treatment. 
2Linear regression of the different responses compare to the amount of ammonium in diet. 
a,b,c Values in the same row followed by different superscripts differ significantly (Main effect of the diet, 

P<0.05). 
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Week 1 yielded rather poor growth performance and was considered a week of 

adaptation.  During weeks 2 and 3, BW gain was not affected by NPN supplementation 

(P > 0.10); while feed intake (including feed wastage) tended to decrease with increasing 

supplementation of ammonium salts (P < 0.10).  Feed efficiency, improved linearly with 

supplementation of NPN in diets (P < 0.05; 0.45, 0.47 and 0.51 for Neg Ctrl, Low and 

high NPN during weeks 2 & 3).  Feed efficiency for High NPN was similar to that for 

Pos Crtl (P > 0.10: 0.51 and 0.52 for High NPN and Pos Ctrl week 2 & 3).  Plasma urea 

concentration was low and not different between diets (P > 0.10).  This data shows that 

dietary supplementation with NPN improves pig performance when pigs are fed diets 

deficient in N, and that feeding inexpensive NPN is as effective as feeding intact 

protein in improving feed efficiency of pigs fed diets deficient in total N.  Since the 

response to added NPN was linear, the exact requirements for total N could not be 

identified.   At similar levels of N intake feeding additional NPN supported the same feed 

efficiency – and thus composition of body weight gain as feeding additional intact 

protein, i.e, a mixture of amino acids. 

 

Scientific significance of the results 

 

This research is among the first studies to show that nitrogen that is absorbed from the 

large intestine of pigs, in the form of non-protein nitrogen, can contribute to increases in 

whole body protein deposition, which is closely associated with lean tissue gain.  It 

shows that, in terms of nitrogen nutrition, measures of ileal digestibility are insufficiently 

accurate in characterizing the feeding value of feed ingredients.  Availability of nitrogen 

should be measured as fecal, rather than ileal, digestibility.  The data also show that pigs 

have requirements for nitrogen (dietary crude protein) per se, which is of practical 

relevance when including large quantities of crystalline amino acids in pig diets.   The 

efficiency of using inexpensive non-protein nitrogen, absorbed form the large intestine or 

included in the diet, for body protein deposition is very high in pigs that are fed diets 

deficient in total nitrogen.  

 

Brief discussion of the potential benefits to Canada 

 

This research provides quantitative recommendations for the use of different nitrogen 

sources for body protein deposition in growing pigs, which will have direct implications 

for formulation of practical pig diets.  The proposed research yields estimates of 

requirements for nitrogen (crude protein) supplied from the sum of (ileal digestible) non-

essential and essential amino acids, as well as (fecal digestible) nitrogen which should 

also include non-protein nitrogen sources such as ammonium salts and urea.   

 

The financial benefit will depend on the cost of different protein sources, especially the 

costs of crystalline essential amino acids relative to the cost of protein from conventional 

ingredients such as soybean meal.  As the prices of crystalline essential amino acids 

continues to decline, the potential financial benefit of formulating pig diets for nitrogen 

requirements in combination with increased usage of crystalline amino acids will 

increase.  

 

Feed costs are the single largest contributor to the cost of pork production.  After energy, 

amino acids and protein are the 2nd largest contributors to nutrient costs of pig diets.  
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Feed costs vary substantially between farms and can be reduced based on a critical 

analyses of feeding programs (e.g. Zhu et al., 2008).  A mere savings of $0.50 per 

growing-finishing pigs represents more than $2,000,000 per year for the Ontario Pork 

industry.  Moreover, improvements in the efficiency of nitrogen utilization will reduce 

the environmental impact in areas with intensive pork production. 
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