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EFFECT OF VARIOUS DIETARY ARGININE:LYSINE RATIOS 
ON PERFORMANCE, CARCASS COMPOSITION AND PLASMA 

AMINO ACID CONCENTRATIONS OF GROWING-FINISHING SWINE 1'2 

L. C. Anderson 3 , A. J. Lewis 4's, E. R. Peo, Jr. 4 and J. D. Crenshaw 4 

University of Nebraska, 
Lincoln 68583 

Summary 

Crossbred growing-finishing pigs (112 bar- 
rows, 48 gilts) were used to determine the 
effect of reducing excess dietary arginine, 
through feedstuff variation, on performance, 
carcass composit ion and plasma amino acid 
concentrations. Diets contained five, four, three 
or two times the NRC requirement for arginine. 
Lysine in all diets was formulated to be equal 
to NRC requirements, and all diets contained 
at least 100% of the NRC recommendations for 
all other essential amino acids. Initial weight, 
final weight and days on test for the grower 
phase were 26.7 kg, 44.2 kg and 28 d, respec- 
tively. Weight gain and gain/feed were not 
different among treatments but  feed intake 
showed a quadratic response during the grower 
phase, being highest at four times the NRC re- 
quirement for arginine. Initial weight, final 
weight and days on test for the finisher phase 
were 44.2 kg, 96.9 kg and 67 d, respectively. 
Weight gain during the finisher phase and for 
the total  experiment exhibited a quadratic 
response, being highest for the pigs fed the 
intermediate arginine levels. Gain/feed for the 
finisher phase followed the same trend as 
weight gain. Feed intakes for the finisher phase 
and total experiment were not different among 
treatments.  Carcass data were collected on all 
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barrows. There were no differences in hot  
carcass weight or adjusted average backfat  
among treatments.  Loin eye area and percentage 
of lean decreased linearly as arginine level 
decreased in the diet. Plasma urea, arginine and 
orthinine concentrations decreased linearly 
with decreasing dietary arginine. Plasma lysine 
exhibited both a quadratic and a cubic response. 
The data indicate that reducing excess dietary 
arginine had little effect on performance or 
carcass composit ion and no consistent effect on 
plasma lysine of growing-finishing swine. 
(Key Words: Growing-Finishing Swine, Argi- 
nine, Lysine, Performance, Carcass, Plasma 
Amino Acids.) 

I ntroduction 

In most swine diets lysine is the first limiting 
amino acid. Diets are generally formulated to 
meet the minimum lysine levels required for 

maximum weight gain; there is rarely an excess 
amount  of lysine. Other amino acids, however, 
are found in quantities that greatly exceed the 
pig's requirement. Arginine is one of these 
amino acids. 

Research with chicks (Jones, 1964; Boorman 
and Fisher, 1966; Jones et al., 1967; D'Mello 
and Lewis, 1970) has shown that  excess lysine 
exerts adverse effects on arginine utilization, 
thereby increasing the arginine requirement. 
The effects are reversed by arginine supplemen- 
tation. 

Using a pig fi t ted with reentrant  cannulae in 
the small intestine, Buraczewski et al. (1970) 
found that when they increased either arginine 
or lysine concentrations in the small intestine 
by relatively large additions of crystalline 
amino acids, the absorption of the other amino 
acid was reduced. Thus, it is possible that in 
practical swine diets, if the arginine content is 
decreased, there may be an increase in lysine 
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ARGININE AND LYS1NE IN SWINE DIETS 363 

utilization. This would reduce the total amount 
of lysine needed in the diet. As different 
feedstuffs contain different amounts of arginine 
and lysine, dietary arginine content and argi- 
nine:lysine ratio can be changed by altering 
dietary ingredients. In this manner, the effects 
of various dietary arginine contents can be 
examined using normal dietary ingredients 
without having to employ additions of crystal- 
line arginine. This avoids possible differences 
between utilization of crystalline arginine and 
the arginine in feedstuffs (Matthews, 1975a,b). 

The objective of  this experiment was to 
determine the effect of  diets formulated to 
contain various arginine levels and arginine: 
lysine ratios on performance, carcass composi- 
tion and lysine utilization of growing-finishing 
swine. 

Materials and Methods 

Animals and Data Collection. One hundred 
sixty crossbred pigs (112 barrows, 48 gilts) with 
an average initial weight of 27 kg were allotted 
to four treatment groups with five pens/treat- 
ment and eight pigs/pen. The allottment design 
was a randomized complete block in which 
ancestry and sex were balanced within blocks. 
Pigs were housed in a modified-open-front 
building and were allowed ad libitum access to 
feed and water. Pig weight and feed consump- 
tion data were collected biweekly. Each replicate 
was removed from the experiment after 95 d. 
At the termination of the experiment, a blood 
sample was collected from each pig. Carcass 
composition was measured on barrows (28/ 
treament) only. Backfat was measured perpen- 
dicular to the chine opposite the first rib, last 
rib and last lumbar vertebra. The mean of  the 
three measurements was adjusted to a constant 
hot carcass weight. Carcasses were split between 
the 10th and l l t h  ribs, and loin eye muscle 
tracings and fat depth measurements were 
taken. Loin eye area was determined using a 
polar compensating planimeter 6, and was 
also adjusted to a constant hot carcass weight. 
The adjustments were made by using hot 
carcass weight as a covariable in the analysis of 

6Model 40, Lasico. 2451 Riverside Dr., Los An- 
gele~ CA 90039. 

7AgNet Feedmix Swine Formulation Program, 
Univ. of Nebraska, Lincoln 68583. 

data. Percentage of lean was calculated using 
the equations recommended by NPPC (1976). 

Diets and Diet Analysis. Diets for the 
growing phase (28 d; avg wt 27 to 44 kg) and 
finishing phase (67 d; avg wt 44 to 97 kg) are 
presented in tables 1 and 2, respectively. The 
diets were formulated using a computer formu- 
lation matrix 7 with normal feedstuff limita- 
tions. Treatments were calculated to meet the 
NRC (1979) requirement for lysine for the 
growing and finishing periods (.70 and .61%, 
respectively) and to contain five, four, three 
and two times the NRC requirement for arginine 
(growing phase .20%; finishing phase .18%). All 
diets were formulated to contain at least 100% 
of the requirement of all other essential amino 
acids. Crude protein content, however, was not 
constrained within the formulation model. 

Diets were analyzed for protein, Ca and P 
(AOAC, 1980) and gross energy content (Parr 
Instrument Co., 1978) and the results are 
included in tables 1 and 2. Feed samples were 
hydrolyzed in 6 M HC1 under N~ for 20 h. The 
hydrolyzate was analyzed for arginine and 
lysine using an automated ion-exchange separa- 
tion (Blackburn, 1978), followed by fluorimetric 
detection (Benson and Hare, 1975). Arginine 
and lysine values for the growing and finishing 
phases are included in tables 1 and 2, respec- 
tively. 

Blood Sample Preparation and Analysis. 
Blood samples were obtained from the anterior 
vena cava or an adjoining vein using 20 gauge 
needles. Samples were collected in 10-ml 
evacuated blood collection tubes containing 
sodium heparin. Plasma was separated by 
centrifugation at 1,116 • g for 15 rain. Indi- 
vidual plasma samples from each pig were 
analyzed for urea using an automated procedure 
described by Marsh et al. (1965). One milliliter 
of plasma from each pig was pooled by pen to 
make a composite sample for each pen. The 
pooled plasma samples were deproteinized 
using 30 mg of sulfosalicyclic acid/ml of plasma 
(Perry and Hansen, 1969). Deproteinized 
plasma was analyzed for arginine, lysine and 
ornithine as described for diets. 

Statistical Methods. Response criteria were 
analyzed using analysis of variance techniques 
appropriate for a randomized block design and 
orthogonal polynomial contrasts to separate 
treatment effects (Steel and Torrie, 1980). The 
Statistical Analysis System (SAS, 1979) was 
used for computation. 
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TABLE 1. COMPOSITION OF GROWING DIETS 

Item 

Treatmenta: 1 2 3 4 
% of NRC requirement for arginine: 500 400 300 200 

Arginine:lysine ratio: 1.43 1.14 .86 .57 

Ingredient, % 

Sorghum grain (IFN 4-04-383) 78.74 84.08 88.37 71.35 
Soybean meal (44% CP; IFN 5-04-604) 11.70 9.86 4.27 
Sesame meal (42% CP; IFN 5-04-220) 5.18 
Meat and bone meal (50% CP; IFN 5-09-322) 2.36 2.36 
Blood meal (IFN 5-OO-381) 1.28 2.46 1.04 
Whey, dried (IFN 4-O1-182) 1.33 24.64 
Limestone (IFN 6-02-632) .52 .70 .91 .73 
Dicalcium phosphate (IFN 6-01-080) .20 .34 1.08 .55 
Salt (IFN 6-04-151) .25 .25 .25 .25 
Vitamin premixb 1.00 1.00 1.00 1.00 
Trace mineral mixC .05 .05 .05 .05 
D L-methionine hydroxy analog calcium (83 %) .08 .14 .17 
L-lysine- HCI (78%) .14 .22 

Total 100.00 100.00 100.00 100.00 

Chemical Analysis 

Protein, % 16.67 13.97 12.88 10.59 
Ca, % .52 .57 .70 .62 
P, % .43 .35 .45 .41 
Gross energy, kcal/kg 4,048 3,946 3,923 3,893 
Arginine, % 1.01 .68 .51 ~31 
Lysine, % .72 .65 .66 .65 d 

aFed to pigs from 27 to 44 kg. 

bprovided the following per kg of diet: vitamin A, 3,300 IU; vitamin D3,440 IU; vitamin E, 22 IU; riboflavin, 
2.2 mg; d-pantothenic acid, 13.2 mg; niacin, 17.6 rag; choline chloride, 110 mg; vitamin B12 , 22 ~g; menadione 
sodium bisulfate, 2.2 rag; ethoxyquin, 4.4 rag. 

Cprovided the following in mg/kg of diet: Zn, 100; Fe, 50; Mn, 27.5; Cu, 5.0; I, .75. 

dThree different duplicate hydrolyzates produced values of .82, .59 and .53%. 

Results and Discussion 

Performance  results for the  growing and fin- 
ishing phases and the total  exper iment  are pre- 
sented in table 3. Average daily feed intake 
(ADFI)  during the growing phase responded 
quadrat ical ly (P<.05)  to decreasing arginine 
content .  Intake increased as dietary arginine 
con ten t  decreased f rom five to four  t imes the 
NRC requi rement ,  bu t  fur ther  reduct ions  of  
arginine resulted in a decrease in ADFI .  Pigs 
fed t r ea tment  1 consumed the least feed during 
the growing phase. Al though the  excess arginine 
present  in this diet may have been responsible 
for the reduced intake, this was the only growing 
diet  that  contained sesame meal. Thus, it is pos- 
sible that  poor  palatabil i ty or  some o ther  fac- 
tor(s) associated with sesame meal  may have 
been at least part ial ly responsible for the dif- 

ference.  Average daily gain (ADG) and feed 
eff ic iency (G/F)  were not  d i f ferent  (P>.10)  
during the growing period. 

During the finishing phase, A D F I  was no t  
d i f ferent  (P>.10)  among t rea tments ;  however ,  
ADG was affected quadrat ical ly  (P<.05)  and 
G/F  exhibi ted  a similar quadrat ic  t rend (P<.10) .  
Both ADG and G / F  were increased by the 
initial lowering of  dietary arginine content ,  bu t  
not  by subsequent  arginine reductions.  

When considered over the to ta l  exper iment ,  
ADG exhibi ted  the same quadrat ic  response to  
t r ea tmen t  (P<.05)  as was observed in the 
finishing phase. Pigs fed the in termedia te  levels 
of  arginine had the highest ADG. The relatively 
low ADG of  pigs fed t r ea tmen t  4 was unex- 
pected. A possible explanat ion for  low ADG is 
the low crude protein con ten t  of  this diet. 
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Corley and Easter (1980) found that  to ta l  N 
l imited the growth  response o f  pigs fed 10% 
crude protein diets containing supplementa l  
crystall ine amino acids. Even though all exper-  
imental  diets in the  present  exper iment  were 
formula ted  to contain at least 100% of  the  
NRC (1979) requ i rement  for each essential 
amino acid, t r ea tmen t  4 did contain less prote in  
(10.97%) than is normal ly  present  in finishing 
diets. There  were no t r ea tmen t  differences 
(P>.10)  in ei ther  A D F I  or G / F  over  the to ta l  
exper iment .  

Normal  corn-soybean meal diets contain 
four  to five t imes the NRC requi rement  of  
arginine for growing-finishing pigs. The current  
NRC requi rements  for arginine were uti l ized in 
the fo rmula t ion  o f  diets for this exper iment .  
However ,  it was recognized that  the  require- 
ments  for  arginine are based on very few 
exper imenta l  data, and tha t  est imates may  be 

revised as more  data  become  available. The  
per formance  data f rom this expe r imen t  indicate 
that  no benef i t  accrues f rom reducing the 
dietary arginine con ten t  supplied by feed 
ingredients to be low four  t imes the  current  
NRC requi rement .  

Miller et al. (1981) found no significant 
differences in the per fo rmance  o f  growing (20 
to 60 kg) pigs fed two di f ferent  diets that  
varied in arginine: lysine ratio (1.2:1 vs 1.0:1).  
The arginine: lysine ratio was no t  al tered as 
dramat ical ly  as in our  present  study.  Al though 
there was a t endency  for pigs fed "a  be t t e r  
balance o f  amino acids" (1.0:1 arginine:lysine) 
to per form be t te r  than those fed a corn-soybean 
meal diet  (1.2:1 arginine:lysine),  differences 
were not  statistically significant. 

Plasma urea and amino acids concent ra t ions  
are listed in table 4. Plasma urea decreased 
linearly (P<.001)  as the dietary arginine con- 

TABLE 2. COMPOSITION OF FINISHING DIETS 

Item 

Treatmenta: 1 2 3 4 
% of NRC requirement for arginine: 500 400 300 200 

Arginine:lysine ratio: 1.48 1.18 .89 .59 

Ingredient, % 

Sorghum grain (IFN 4-04--383) 82.09 86.70 85.87 67.49 
Soybean meal (44% CP; IFN 5-04-604) 8.35 7.60 2.33 
Sesame meal (42% CP; IFN 5-04-220) 5.13 
Meat and bone meal (50% CP; IFN 5-09-322) 2.36 2.36 
Blood meal (IFN 5-00-381) .91 2.46 .04 
Whey, dried (IFN 4-01-182) 6.04 29.80 
Limestone (IFN 6-02-632) .50 .69 .87 .69 
Dicalcium phosphate (IFN 6-01-080) .27 .38 .99 .41 
Salt (IFN 6-04-151) .25 .25 .25 .25 
Vitamin premix b 1.00 1.00 1.00 1.00 
Trace mineral mix c .05 .05 .05 .05 
DL-methionine hydroxy analog calcium (83%) .06 .09 .12 
L-lysine. HCI (78%) .05 .15 

Total 100.00 100.00 100.00 100.00 

Chemical Analysis 

Protein, % 16.08 14.41 12.39 10.97 
Ca, % .57 .58 .65 .53 
P, % .43 .38 .40 .38 
Gross energy, kcal/kg 4,038 3,994 3,932 3,858 
Arginine, % .87 .62 .49 .32 
Lysine, % .62 .63 .62 .59 

aFed to pigs from 44 to 97 kg. 

bprovided the following per kg of diet: vitamin A, 3,300 IU; vitamin D3,440 IU; vitamin E, 22 IU; riboflavin, 
2.2 mg; d-pantothenic acid, 13.2 mg; niacin, 17.6 mg; choline chloride, 110 rag; vitamin B12, 22 #g; menadione 
sodium bisulfate, 2.2 mg; ethoxyquin, 4.4 rag. 

Cprovided the following in mg/kg of diet: Zn, 100; Fe, 50; Mn, 27.5 ; Cu, 5.0; I, .75. 
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TABLE 3. PERFORMANCE OF GROWING-FINISHING SWINE FED VARIOUS DIETARY 
ARGININE:LYSINE RATIOSa 

Item 

Treatment: 1 2 3 4 
% of NRC requirement for arginine: 500 400 300 200 

Arginine:lysine ratio during growing phase: 1.43 1.14 .86 .57 
Arginine:lysine ratio during finishing phase: 1.48 1.18 .89 .59 

CV b 

Growing phase (27 to 44 kg) 

Feed intake, kg/d c 1.77 1.92 1.87 1.84 
Weight gain, kg/d .59 .64 .63 .63 
Gain/feed .338 .335 .335 .344 

Finishing phase (44 to 97 kg) 

Feed intake, kg/d 3.09 3.16 3.19 3.03 
Weight gain, kg/d c .77 .81 .82 .74 
Gain/feed d .251 .257 .257 .244 

Total experiment (27 to 97 kg) 

Feed intake, kg/d 2.70 2.80 2.80 2.68 
Weight gain, kg/d c .72 .76 .76 .71 
Gain/feed .268 .273 .272 .265 

5.33 
5.24 
6.57 

7.61 
6.33 
4.42 

6.73 
5.56 
4.34 

avalues represent the mean of five replicates of eight pigs. 

bcoeffieient of variation, %. 

eQuadratic effect (P<.05). 

dQuadratic effect (P<.10). 

t e n t  decreased.  Bo th  the  decreased  d ie t a ry  
arginine c o n t e n t  and  the  decreased  to ta l  d i e t a ry  
N c o n t e n t  may  have c o n t r i b u t e d  to the  reduc-  
t ion  in p lasma urea. Plasma arg in ine  (P<.O01)  

and  o r n i t h i n e  ( P < . 0 1 )  also decreased  l inearly.  
Previous  research wi th  pigs (Mitchel l  e t  al., 
1968)  has  s h o w n  t h a t  d i e t a ry  excesses o f  amino  
acids resul t  in a c c u m u l a t i o n  of  those  a m i n o  

TABLE 4. CONCENTRATIONS (MG/DL) OF UREA AND AMINO ACIDS IN PLASMA 
OF FINISHING SWINE FED VARIOUS DIETARY ARGININE:LYSINE RATIOS a 

Treatment: 1 2 3 4 
% of NRC requirement for arginine: 500 400 300 200 

Arginine:lysine ratio during finishing phase: 1.48 1.18 .89 .59 

Item CV b 

Urea c 41.43 32.70 26.69 21.32 7.47 
Arginine c 4.22 3.29 2.85 2.39 11.75 
Lysine de 2.09 2. O0 2.38 1.64 14.63 
Ornithine f 1.84 1.60 1.30 1.18 21.41 

avalues represent the mean of five replicates of eight pigs for urea, and the mean of five replicates of a 
pooled sample of plasmas from eight pigs for amiao acids. 

bcoeffieient of variation, %. 

CLinear effect (P<.001). 

dQuadratic effect (P<.05). 

ecubic effect (P<.05). 

fLinear effect (P<.01). 
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TABLE 5. CARCASS COMPOSITION OF FINISHING SWINE FED VARIOUS DIETARY 
ARGININE:LYSINE RATIOSa 

367 

Item 

Treatment: 1 2 3 4 
% of NRC requirement for arginine: 500 400 300 200 

Arginine:lysine ratio during finishing phase: 1.48 1.18 .89 .59 
c v b  

Hot carcass wt, kg 
Adj. avg backfat thickness, cm c 
Adj. loin eye area, cm 2 de 
Lean, %fg 

73.35 74.14 74.19 71.47 6.64 
3.77 3.78 3.62 3.69 5.63 

28.01 28.27 26.79 25.55 5.34 
50.98 50.95 51.06 49.24 2.27 

aCarcass composition was measured on barrows (28/treatment) only. 

bcoefficient of variation, %. 

CAdjusted by linear regression of hot carcass weight on average backfat. 

dAdjusted by linear regression of hot carcass weight on loin eye area. 

eLinear effect (P<.01). 

fSee text for method of calculation. 

gLinear effect (P<.05). 

acids in the plasma. The decrease in plasma or- 
n i th lne  probably  reflects decreased urea cycle 
activity because of the reduct ion  of arginine in 
the diet and plasma. Plasma lysine exhibi ted a 
quadrat ic  and a cubic (P<.05)  response to the 
dietary t reatments .  If one assumes that  the sup- 
ply of  potent ia l ly  absorbable lysine was the 
same for the four dietary t reatments ,  plasma ly- 
sine would be expected to have increased as 
dietary arginine decreased if excess arginine 
interferes with lysine absorpt ion in swine. The 
lack of a consistent  increase in plasma lysine 
does no t  support  the concept  that  the high di- 
etary arginine levels present  in natural  ingredi- 
ents used in swine diets interfere with lysine ab- 
sorption.  This conclusion is in contrast  to that  
of  Buraczewski et al. (1970),  who reported that  
lysine or arginine reduced the absorpt ion of the 
other  amino acid. Their experiments ,  however,  
involved infusion of solut ions of crystalline 
amino acids at levels 10-fold greater than those 
found in normal  diets. 

Carcass composi t ion  data of the barrows are 
presented in table 5. Hot carcass weight and ad- 
justed average backfat  thickness were not  dif- 
ferent (P>.10) among t reatments .  The adjusted 
loin eye area (P<.01)  and percentage lean (P< 
.05) decreased linearly as the dietary arginine 
level decreased. Evidently muscle deposi t ion 
was no t  improved by  reducing dietary arginine; 
in fact, the decrease in loin eye area is fur ther  
evidence that  lysine ut i l izat ion was no t  favor- 

ably affected by  reducing dietary arginine. The 
low crude protein con ten t  of t r ea tment  4 may 
have inf luenced the lean percentage of pigs fed 
that  t rea tment .  

Thus, the high arginine con ten t  of  normal  
swine diets can be reduced by varying the feed 
ingredients,  while still meeting all essential 
amino acid requirements .  However, in this ex- 
per iment ,  there was little or no improvement  in 
pig performance or carcass composi t ion  and no 
consis tent  increase in plasma lysine when argi- 
nine levels were varied over a wide range. It 
seems t h a t  there is little practical advantage in 
reducing the dietary arginine level below that  
which is found  in convent ional  swine diets. 
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