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Abstract 

Excessive production of nitrogen from livestock production systems has place a strain on the 

environment.  Methods to reduce nitrogen losses from farm animals will become necessary to ensure a 

sustainable animal production and maintain an environmentally conscious industry.  The long-term objective of 

this project was to determine the feasibility of the use of crystalline amino acids in diets to reduce nitrogen 

generated by farm animals. The specific objective of this study was to determine if protein synthesis in the gut 

decreases in pigs fed diets containing low crude protein concentration with crystalline amino acids.  This study 

was part of an overall programmatic research question aiming at determining if amino acid utilization by the gut 

is lower in pigs receiving low crude protein diet with crystalline amino acid supplementation compared to that 

in pigs receiving diet containing intact proteins only (feed ingredients). Maintaining the integrity of the intestine 

is crucial in order to ensure health and well-being of animals.   

Ten barrows (Yorkshire X Landrace), with an average BW of 14.6 kg ± 0.37 were used. Pigs were 

housed individually in pens in a controlled temperature room set at 22º C and offered feed twice daily at 0800 

and 1600 of either a Control diet containing conventional feed ingredients (17.37% CP, analyzed) or a low 

crude protein diet (14.07% CP, analyzed) containing crystalline amino acids (Low CP + CAA) L-lysine•HCl, 

DL-methionine, L-threonine, L-tryptophan.and L-cystine. The amount of feed offered was calculated to provide 

five times the metabolizable energy required for maintenance (106 kcal/ kg x BW
0.75

). Barrows were weighed at 

the beginning of the study (d 0), d7, d14, and prior to euthanasia on day 21. Feed intake was recorded daily.  

Pigs were surgically fitted with indwelling jugular catheters to administer a dose of labeled tracer (L-[
2
H3-ring]-

phenylalanine) to measure protein synthesis in the intestine.  Blood samples were collected 5 min prior to 

infusion and every 5 min for 15 min and then every 10 min for a total of 35 min. Samples were centrifuged at 4º 

C and 3000 x g for 10 min. Plasma was removed and frozen at -20º C until analysis.   Pigs were first sedated 

with an i.m. injection (1 mL/ 34 kg BW) of 250 mg zolazapam, 250 tiletamine diluted in 2.5 mL ketamine and 

2.5 mL xylazine-100.  Following sedation, pigs were euthanized with an intravenous administration of 

pentobarbital (86.27 mg/kg of BW).  The entire small intestine was quickly removed and freed from the 

mesentery.  Intestinal tissue samples (whole tissue and mucosa) were obtained from the duodenum, jejunum and 

ileum.  Phenylalanine enrichment in plasma and tissue samples was determined by gas chromatography mass 

spectrometry (GCMS) and fractional protein synthesis rate was estimated using protein-bound phenylalanine 

enrichment in mucosa and whole intestinal tissue and the precursor enrichment in the respective tissue free pool.   

Fractional synthesis rate of protein in the mucosa did not change across intestinal segments but in whole tissue, 
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FSR was lower (P ≤ 0.1) in the ileum compared to that of other segments in both treatments.  Overall, mucosa 

FSR was higher than that of whole tissue for both treatments, i.e., Control (P ≤ 0.1) and Low CP + CAA (P < 

0.05).  Our results demonstrate that reducing dietary CP by 3.3 % with crystalline amino acid supplementation 

does not affect intestinal protein synthesis, neither in the mucosa nor in the whole tissue.  Therefore, reducing 

dietary CP by 3.3% does not negatively impact intestinal protein accretion, and may maintain intestinal health 

integrity. 

 

 

Introduction   

 

Excessive production of nitrogen (N) from livestock production systems has place a strain on the 

environment.  Methods to reduce N losses from farm animals will become necessary to ensure a sustainable 

animal production and maintain an environmentally conscious industry.  The long-term objective of this 

project is to determine the feasibility of the use of crystalline amino acids (AA) in diets to reduce N generated 

by farm animals. 

 Formulating diets using natural feedstuffs to meet requirements for the first limiting AA results in 

excesses of dispensable (non-essential) and indispensable (essential) AA.  Amino acids fed in excess of 

requirements are not utilized by the animal: they are deaminated and the N is voided in the urine in the form of 

urea.  The carbon atoms are either oxidized and voided in the air as CO2 or used into body fat or glycogen 

synthesis.  Because of the ubiquitous presence of the enzyme urease, urinary urea is degraded rapidly into 

ammonia, which can de-ionize and volatilize at pH 5 and above.  So far, the most effective method to reduce N 

losses in the urine is via reduction of dietary crude protein (CP) concentration with supplementation of limiting 

crystalline AA, thereby reducing a large portion of the dispensable and non-limiting indispensable AA.  On 

average, for each one percentage unit reduction in CP, N excretion is reduced by 8.4%.  Reduction in CP 

concentration of 4 unit percentage decreases ammonia emission by half (Canh et al., 1998).  Although low 

protein-AA supplemented diets ensures that no indispensable AA are limiting or in excess, their ability to 

optimize growth, feed intake, feed efficiency and carcass composition relative to animals fed diets containing 

higher protein concentration is inconsistent.  Most studies have tested dietary CP reduction of 2 to 4% with 

crystalline AA inclusion and reported no reduction in growth performances and carcass traits of growing and 

finishing pigs (Boisen et al., 1991; Schoenherr and Schmidt, 1991; Spiekers et al., 1991; Lopez et al., 1994; 

Kerr et al., 1995; Maxwell, 1995; Tuitoek et al., 1997ab; Knowles et al., 1998; Friesen et al., 1999 ; Liu et al., 

1999).  We have recently shown that reduction of dietary CP of 6 percentage units minimizes N losses in urine 

and ammonia emission (Otto et al., 2002ab).  However, we and others have shown that when dietary CP 

concentration is reduced by more than 4 percentage units, N retention decreases (Pierce et al., 1994; Kendall et 

al., 1999; Zervas and Zijlstra, 2001; Otto et al., 2002; Perez Laspiur et al., 2002), and feed efficiency and 

average daily gain are reduced (Tuitoek et al., 1997ab; Liu et al., 1999).  

The reasons for a decrease in performance responses have not been investigated in the growing pig.  

Crystalline AA are rapidly absorbed across the gastro-intestinal tract and available for metabolic purposes 

(Leibholz et al., 1986; Sato et al., 1987; Izquierdo et al., 1988; Buraczewska and Swiech, 2000).  On the other 

hand, protein-bound AA are released in the gastro-intestinal lumen following digestive processes, at which rate 

varies among feed ingredients (Melnick et al., 1946, Rolls et al., 1972).  The differential absorption rate of 

crystalline and bound-AA may decrease AA utilization for whole body protein synthesis (Yen et al., 1991) and 

for gut tissue.  This ‘imbalance’ could lead to the oxidation of the rapidly absorbed crystalline AA(s) as well as 

the later absorbed AA(s) derived from intact proteins (Buraczewska et al., 1980; Batterham and Bayley, 1989; 

Rerat, 1995). In these studies, however, inclusion levels of crystalline AA were lower than currently 

recommended (NRC, 1998).  Funded by the National Pork Board and recently published in the American 

Journal of Animal Science (Guay et al., 2006), we have shown that pigs fed diets containing only moderately 

low CP concentration (3.3% lower) and crystalline AA have a lower protein to RNA ratio in intestinal mucosa 

tissue, indicating lower cellular activity in that tissue.  Also funded by the National Pork Board, we have shown 

that   AA of synthetic origin are absorbed more rapidly, indicating a decrease in utilization of these AA by 

intestinal tissue.  Those results, combined with others led us to hypothesize that reducing dietary protein 
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concentration of protein-bound origin by 4 percentage units with crystalline amino acid inclusion 

decreases intestinal protein synthesis.  This research focused on identifying the factors affecting AA 

absorption and gut metabolism in pigs fed reduced-CP diets containing crystalline AA.                                                                                                                   

 

Objectives     

 

Overall Programmatic Research Question:  Is AA utilization by the gut lower in pigs receiving low CP 

diet with crystalline AA supplementation compared to that in pigs receiving diet containing intact proteins?  

 

Specific Objective (Aim 2 of NPB Project # 03-030):  To determine if protein synthesis in the gut 

decreases in pigs fed diets containing low CP concentration with crystalline AA.   

 

Materials & Methods    

 

 The Michigan State University All-University Committee on Animal Use and Care approved the use of 

the animals in this study. 

 

Animals and Surgery 

 

Animals. Ten barrows (Yorkshire X Landrace), with an average BW of 14.6 kg ± 0.37, were housed 

individually in pens in a controlled temperature room set at 22º C.  The study was conducted over two periods, 

with each period consisting of 4 and 6 pigs, respectively.  The pens were 66 x 36 x 36 cm and were equipped 

with plastic flooring and automatic nipple drinker. Animals were offered feed twice daily at 0800 and 1600. The 

amount of feed offered was calculated to provide five times the metabolizable energy required for maintenance 

(106 kcal/ kg x BW
0.75

). Barrows were weighed at the beginning of the study (d 0), d7, d14, and prior to 

euthanasia on day 21. Feed intake was recorded daily. 

 

Surgery. Prior to surgery, animals were deprived of feed for 12 hours. Pigs were sedated with an 

intramuscular injection (1 mL/ 34 kg BW) of 250 mg zolazapam, 250 tiletamine diluted in 2.5 mL ketamine and 

2.5 mL xylazine-100. Anesthesia was maintained with isoflurane at a dose of 1.5 to 2.0%. A catheter was 

inserted in the jugular vein according to the procedure of Trottier et al., 1995. Post-operative care included daily 

body temperature and feed intake monitoring. Antibiotic (Lincomycin hydrochloride, Pharmacy & Upjohn 

Company, Kalamazoo, MI) was administered intravenously for 3 consecutive days at a dosage of 0.05 mg/Kg of 

BW. 
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Experimental Design and Diets 

 

Animals were randomly allocated to two diets. Animals were offered the experimental diets a week prior 

to surgery and until the end of the experiment. Diets consisted of a Control containing 17.77% CP and a Low 

CP diet containing 13.77% CP of protein-bound origin (Table 1).  The Low CP diet contained crystalline L-

lysine•HCl, DL-methionine, L-threonine, L-tryptophan.and L-cystine. The Low CP diet was prepared by 

diluting the control with cornstarch and sucrose but keeping the corn and soybean meal ratio the same for both 

diets. Feed ingredients were mixed using a horizontal ribbon mixer. The Control diet was prepared first, 

followed by Low CP diet.  

 

 

Table 1.  Ingredient and nutrient composition of experimental diets (as-fed basis) 

Item 
Diet 

Control (17.77%) Low CP + CAA (13.77) 

 Corn, dent yellow 68.58 53.14 

 Soybean meal, solv 25.42 19.70 

 Corn starch 1.90 14.64 

 Sucrose - 5.00 

 Corn oil 0.85 1.23 

 Cellulose - 2.50 

 Dicalcium phosphate 0.80 1.05 

 Limestone 1.05 0.94 

 Salt, NaCl  0.30 0.30 

 MSU Vit. Premix
1 

0.60 0.60 

 MSU Min. Premix
2 

0.50 0.50 

 L- lysine•HCl - 0.24 

 L-threonine - 0.08 

 DL-methionine - 0.02 

 L-tryptophan  - 0.01 

 L-cystine - 0.04 

 CP, % (analyzed) 17.37 14.07 

 ME, kcal/kg 3351.79 3351.82 

 Ca, % 0.62 0.60 

 P, % 0.24 0.27 

 NDF, % 8,85 7.85 

 Fat, % 4.29 3.93 
1
Provided the following per kilogram of diet: 758.38 μg  retinyl acetate, 26.45 μg all-rac- α-tocopheryl acetate, 5.5 μg cholecalciferol, 

1.76 mg  menadione sodium bisulfite complex, 0.44 mg thiamin, 1.76 mg riboflavin, 10.58 mg niacin, 7 mg pantothenic acid, 0.39 mg 
pyridoxine, 13 μg vitamin B12. 
2
Provided the following per kilogram of diet: 4.8 mg Cu, 48 mg Fe, 48 mg Zn, 4.8 mg Mn, 0.07 mg I, 0.14 mg Se. 
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Amino acid composition of the experimental diets is presented in Table 2.  As expected, all analyzed 

amino acid concentratopms, in particular the non-limiting indispensable (essential) and the dispensable (non-

essential) amino acids were lower in the low CP + CAA diet.  Again, as expected, on a calculated ileal 

digestible basis, lysine, methionine, threonine, and cystine were similar between the Control and the Low CP + 

CAA diets, while all other amino acids were lower in the Low CP + CAA diet.   

 

 

Table 2.  Analyzed total and calculated true ileal digestible amino acid composition  

of experimental diets (as-fed basis) 

Item 
Diet 

Control Low CP + CAA 

Total amino acids (analyzed), % 

Indispensable 

 Histidine 0.45 0.35 

 Isoleucine 0.76 0.59 

 Leucine 1.44 1.15 

 Lysine 0.94 0.91 

 Methionine 0.29 0.27 

 Cystine 0.28 0.27 

 Phenylalanine  0.86 0.67 

 Threonine 0.65 0.59 

Dispensable 

 Valine 0.84 0.66 

 Alanine 0.88 0.70 

 Arginine 1.11 0.89 

 Asparagine 1.61 1.25 

 Glutamate 2.99 2.32 

 Glycine 0.61 0.47 

 Proline 1.07 0.85 

 Serine 0.65 0.47 

 Tyrosine 0.51 0.42 

True ileal digestible (calculated)
1 

 Arginine 1.05 0.81 

 Histidine 0.43 0.33 

 Isoleucine 0.65 0.50 

 Leucine 1.44 1.12 

 Lysine 0.83 0.83 

 Methionine 0.26 0.22 

 Cystine 0.27 0.25 

 Phenylalanine 0.78 0.60 

 Tyrosine 0.57 0.44 

 Threonine 0.56 0.52 
1True ileal digestible AA values were calculated based on analyzed AA values and true ileal digestibility coefficients (NRC, 1998).  
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Isotope infusion and blood sampling protocol 

 

A solution containing 0.72g L-[
2
H3-ring]-phenylalanine and 4.1g unlabelled phenylalanine dissolved in 

warm saline solution (0.9%) with pH adjusted to 7.4 was prepared. The dose was calculated based on the 

estimation of whole body phenylalanine concentration multiplied by 11.  One flooding dose (187mL) of L-[
2
H3-

ring]-phenylalanine solution was injected via the jugular catheter. One blood sample was collected 5 min prior 

to infusion, followed by blood samples (5 mL) collected every 5 min for 15 min and then every 10 min for a 

total of 35 min. Samples were centrifuged at 4º C and 3000 x g for 10 min. Plasma was removed and frozen at -

20º C until analysis.  

 

Tissue Collection   

Pigs were first sedated with an i.m. injection (1 mL/ 34 kg BW) of 250 mg zolazapam, 250 tiletamine 

diluted in 2.5 mL ketamine and 2.5 mL xylazine-100.  Following sedation, pigs were euthanized with an 

intravenous administration of pentobarbital (86.27 mg/kg of BW).  The entire small intestine was quickly 

removed and freed from the mesentery.  The segment from the pyloric anthrum to 100 cm distal to the pyloric 

anthrum was considered duodenum; the segment extending from the cecum to 100 cm proximal to the cecum 

was considered ileum; and the segment between the duodenum and ileum was considered jejunum (Yen, 2001).  

For samples obtained from both duodenum and ileum, the first 50 cm was discarded, and from the jejum, the 

first 130 cm was discarded.  Then, for each segment, the next 20 cm were collected, rinsed thoroughly with 

saline solution (0.9% NaCl), opened lengthwise and the mucosa scraped using a glass slide and samples were 

immediately transferred into liquid nitrogen.  The mucosa consists of the first layers of tissue in contact with the 

intestinal lumen (see Figure 1). It is composed of the epithelial lining where nutrients are first absorbed, and 

thin layer of connective tissue (lamina propria) and muscle tissue (muscularis mucosa).  The remainder on 

intestine is mainly 

composed of connective 

and muscle tissue, 

secretory glands and 

nerves. The next 9 cm 

of whole tissue for each 

segment was collected for 

measurement of fractional 

synthesis rate (FSR) of 

protein and immediately 

transferred into liquid 

nitrogen. All samples of 

mucosa and whole tissue 

were then stored at -

80ºC until analysis. 

 

Sample Preparation 

 

Diet. Feed 

samples were finely 

ground (Cyclotec 

1093 Sample Mill, Foss Tecator, Hoeganaes, Sweden). Feed nitrogen was determined using a Carbon Hydrogen 

Nitrogen gas analyzer (Fp 2000, Laboratory Equipments Corporation, St. Joseph, MI) using EDTA as a 

calibration standard and urea as a control. Samples of feed were hydrolyzed in 6 N HCl at 110°C for 24 h before 

analysis by reverse-phase HPLC.  Norleucine was added as an internal standard prior to hydrolysis.   

Figure 1.  Cross-section of the small intestine showing the different layers of 
tissue.  The middle part represents the lumen of the intestine were nutrients are 
present and in transit for absorption.   

MU C O

S A  
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Plasma. Plasma samples were first deproteineised by adding sulphosalicylic acid (SSA) and centrifuged. 

Samples were placed in mini prep columns containing resin (AG 50-X8, 100-200 mesh, H
+
 form, Bio-Rad 

Laboratories, Richmond, VA) and washed twice with distilled water to remove acid, salts and non-cationic 

compounds from the resin. The amino acids remain bound to the resin bed. Amino acids were eluted from the 

column with ammonia hydroxide (NH4OH) and distilled water and collected in glass pot, freeze-dried and 

stored.   

Tissue.  Approximately 0.5 g of wet weight tissue was deproteinized by adding SSA, homogenized, and 

centrifuged at 2000 x g for 20 min at 4º C.  The supernatant was removed and processed as described above for 

plasma for determination of free pool of phenylalanine.  For determination of protein-bound phenylalanine 

enrichment, the isolated pellet was hydrolyzed in 2 N HCL and kept on a heating block for 24 h at 110º C.  

Samples were kept in a refrigerator for phenylalanine enrichment determination by gas chromatography mass 

spectrometry. 

 

L-[
2
H3]Phenylalanine Analysis 

 

Plasma, tissue (intestinal mucosa and whole tissue), and tissue free pool L-[
2
H3] phenylalanine 

enrichments were analyzed by our co-PI, Dr. Brian Bequette, in the Department of Animal and Avian Sciences 

at University of Maryland.  The enrichment of free L-[
2
H3]phenylalanine was measured by monitoring the ions 

at mass-to charge ratio (m/z) at 336 and 341 of the tertiary butyldimethylsilyl derivative operated under electron 

impact conditions by gas chromatography-mass spectrometry (HP 6890 GC interfaced to a HP 5973N mass 

selective detector, Agilent Technologies, Palo Alto, CA). Protein bound L-[
2
H3]phenylalanine enrichments 

were determined in splitless mode by monitoring the ions at m/z 106 (M+2) and 109 of the tertiary 

butyldimethylsilyl derivative (McNurlan et al., 1997). Peak areas were integrated using Agilent Chemstation 

software.  Fractional protein synthesis rates were estimated using protein-bound phenylalanine enrichment in 

mucosa and whole intestinal tissue and the precursor enrichment in the respective tissue free pool, and 

calculated according to McNurlan et al. (1979).   
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Calculations and Statistical Analyses 

 

Fractional rates of protein synthesis (FSR, i.e. the percentage of the tissue protein pool synthesised per d) 

in the different segments of the intestinal tract were calculated using the precursor pool estimated as the area 

under the isotopic enrichment v. time curve of plasma free phenylalanine (McNurlan et al. 1979).  

 

Thus, FSR, 

%/day = (Epb1- Epb0) x 

100 / (A x t) 

 

where Epb1 

and Epb0 represents the 

increase in enrichment of 

protein- bound phenylalanine 

above background at the end 

of the incorporation period, 

A indicates the area 

under the plasma 

enrichment curve over 

the same period of time 

Figure 2)and t is the (see 

time of incorporation (i.e. the 

time from flooding dose to 

tissue dissection and 

removal) in days.  

Fractional 

rates of protein synthesis was 

analyzed using 

generalized linear 

mixed models with the 

MIXED procedure of SAS (Version 9.1, SAS Institute Inc., Cary, NC). The model included the fixed effects of 

diet, tissue, section and all 2- and 3-way interactions; and the random effect of pig nested within diet. 

Differences in least squares means were considered to be significant at P < 0.05 or to tend to significance at P ≤ 

0.1.  
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Figure 2.  L-[
2
H3]phenylalanine enrichment (tracer/tracee) in plasma of 7 of 

the experimental pigs following a flooding dose of L-[
2
H3]phenylalanine.  

The area under the curve was used as the precursor pool (A) in the 
calculation of FSR 
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VI & VII.    Results and Discussion 

 

 Body weight and feed intake are presented in Table 3.  Pigs fed the Low CP + CAA diet have similar 

feed intake and average daily gain compared to that of pigs fed the Control diet.   

 

 

 

 

T a b l e  3 .   G r o w t h  p e r f o r m a n c e  o f  p i g s  f e d  

C o n t r o l  o r  L o w  C P  d i e t   

Item (Period 1) Control Low CP + CAA 

Body wt, kg 

  Day 0 16.14 15.46 

  Day 6 18.59 18.05 

  Day 13 22.05 23.69 

  Day 19 24.64 26.48 

Ave. daily gain (ADG), kg/d 0.450 0.580 

Feed intake, kg/d 

  Day 0-6 1.01 0.98 

  Day 6-13 1.18 1.27 

  Day 13-19 1.05 1.26 

  Day 0-19 1.07 1.17 

Item (Period 2) Control  Low CP + CAA 

Body wt, kg 

   Day 0 13.68 13.76 

   Day 6 15.51 16.31 

   Day 15 19.00 20.28 

   Day 23 24.85 26.70 

Ave. daily gain (ADG), kg/d 0.490 0.560 

Feed intake, kg/d 

  Day 0-6 0.64 0.80 

  Day 6-15 0.88 0.95 

  Day 15-23 1.12 1.22 

  Day 0-23 0.92 1.01 
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Fractional synthesis rates of protein 

across intestinal segments in pigs fed a 

Control and Low CP with crystalline amino 

acid (CAA) supplementation are presented in 

figures 3 and 4.  Fractional synthesis rate in 

the intestinal mucosa (Figure 3) or whole 

intestinal tissue (Figure 4) did not differ 

between diets. Fractional synthesis rate varied 

between 40 and 60%, indicating that on a 

daily basis, the intestine synthesizes 

approximately 50% of its protein pool.    

 Fractional synthesis rate of protein in 

the mucosa (Figure 3) did not change across 

intestinal segments but in whole tissue, FSR 

was lower in the ileum compared to that of 

other segments in both treatments (Figure 4). 

 

Overall, mucosa FSR was higher than 

that of whole tissue for both treatments, i.e., 

Control and Low CP + CAA (Figure 5). We 

had originally hypothesized that reducing dietary CP concentration by 4 % with crystalline amino acid inclusion 

decreases intestinal protein synthesis. Our results demonstrate that reducing dietary CP by 3.3 % with crystalline 

amino acid supplementation does not affect intestinal protein synthesis, neither in the mucosa nor in the whole 

tissue.  Our hypothesis was based on the notion that intestinal use of free AA may be limited based on previous 

findings that whole body protein accretion was reduced in growing pigs fed diets reduced in CP concentration 

from 14.64 to 11.02 (3.61% reduction) (Otto et al., 2003), and that mucosal protein and amino acids 

concentrations were lower in growing pigs fed diets with only moderate reduction from 16.1 to 12.8% (3.3% 

reduction) in dietary CP (Guay et al., 2006).   In addition, we have recently shown (NPB Project # 03-030, Aim 

Figure 5.  Fractional synthesis rate of protein in mucosa tissue 
(black bars) and whole intestinal tissue (gray bars) in growing pigs 
fed a Control or Low CP with CAA diet. * P = 0.018, † P = 0.13. 
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Figure 3.  Fractional synthesis rate of protein in intestinal mucosa 

tissue across intestinal segments in growing pigs fed Control (black 
bars) or Low CP with CAA diet (stripped bars) There was no 
difference between diets or intestinal segments. 
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Figure 4.  Fractional synthesis rate of protein in whole intestinal 
tissue across intestinal segments in growing pigs fed Control (black 
bars) or Low CP with CAA diet (stripped bars). There was no 
difference between diets.  Ileum FSR was tended to be lower than 
duodenum (P = 0.09) or jejunum (P = 0.10) FSR for pigs fed Low 
CP + CAA diet.  Ileum FSR tended to be lower than duodenum FSR 
(P = 0.09) for pigs fed Control. 
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1 of programmatic research question) that the rate of crystalline amino acid intestinal absorption is higher, 

thereby suggesting a decrease in crystalline amino acid utilization into intestinal protein synthesis.  However, 

present findings indicate that reducing dietary protein by 3.3% with crystalline amino acid inclusion does not 

negatively impact intestinal protein synthetic functions, either at the mucosa or whole tissue level.  In addition, 

growth performances were not affected.  Similarly, while reducing CP by 3.3% leads to reduced mucosal protein 

and DNA content (Guay et al., 2006), we recently reported in another study (Guay and Trottier, 2006) no 

parallel impact on muscle protein composition and growth at this level of CP reduction.  Previous findings from 

Otto et al. (2003) suggested that decreasing CP by 2.4% unit (14.64% to 12.24%) maintained whole body 

protein accretion and reduced ammonia emission in in vitro setting by half, while decreasing further to 11.03% 

(3.61% unit reduction) reduced whole body protein growth but minimized ammonia emission (see Figure 6).  

Based on this study, dietary proteins can be reduced by 3.3% unit without compromising protein synthetic 

functions in the small intestine.  This may translate into ammonia emission reduction by more than half 

compared to that of pigs fed conventional diets. 

 

 

VIII. Lay Interpretation 

 

Conventional diets containing corn and soybean meal fed to growing pigs can be reduced in protein by 

replacing a portion of the protein with crystalline amino acids.  Crystalline amino acids are of synthetic origin 

but are exactly the same as those found in naturally occurring proteins.  Crystalline amino acids are 

manufactured by bacteria through fermentation processes.  When used in diets, crystalline amino acids are 

digested 100%, thus decreasing overall nitrogen excretion and in turn reducing ammonia emission into the air.  

Previous studies have shown that the level of inclusion of these amino acids is limited to diets with minimal 

decrease in dietary crude proteins, such as 2 to 3%.  Decreasing above this level, i.e., 3.6%, have been shown to 

cause reduction in whole body protein growth, and intestinal tissue growth.  However, the current study shows 

that reducing crude protein to 3.3% is warranted (compared to 2.4% as previously reported by our laboratory) as 

it does not impact intestinal protein synthesis and thus intestinal protein growth, an important factor in 

maintaining overall animal health and well-being.  At this 

level of crude protein reduction, ammonia emission 

may be reduced by more than half compared to that from 

pigs fed conventional diets. 

a  

14.64 12.25 11.03 9.85 0 

Figure 6.  Ammonia emission (in vitro) from 
slurry originating from pigs fed diets 
containing different concentrations of crude 
proteins.  From Otto et al., (2003). 


