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The amino acid supplementation of barley for the growing pig 
2. Optimal additions of lysine and threonine for growth 

BY M. F. FULLER,  I. M E N N I E  AND R. M. J, CROFTS 
Ro wett Research Institute, Bucksburn, Aberdeen A32 9SB 

(Received 20 ApriI 1978 -Accepted 20 Jury 1978) 

I .  Thirty-three diets were made by adding to ground barley combinations of L-lysine (0-6.0 g/kg) and 
L-threonine (0-3.0 g/kg), together with vitamins and minerals. Each was given to two female and two 
castrated male pigs during their growth from 25 to 60 kg. 

2. Growth rate increased from 0.36 kg/d to a maximum of 0.65 kg/d with additions of 3.8 g L-lysine/kg 
and 1.8 g L-threonine/kg; these values and the maximum gains achieved were slightly higher for castrates 
than for females. Minimum values for food conversion ratio of 2.84 for castrates and 3.06 for females were 
achieved with similar amino acid additions to those giving fastest growth, 

3. Carcass fat, estimated by specific gravity, was least with the addition of 5.9 g L-lysine/kg, but continued 
to decrease up to the highest threonine concentrations. Backfat thickness was also reduced by amino acid 
additions but failed to reach a minimum. 

Cereal grains form the basis of diets for pigs in many parts of the world, and particularly in 
industrialized countries. Such diets are completed by the addition of foodstuffs supplying 
vitamins and minerals and additional protein. The purpose of the additional protein is 
twofold; to increase the total protein supply and to remedy the amino acid deficiencies of the 
cereal protein. Ideally, the supplementary protein should bring the total amount of protein 
and its amino acid balance to the point where the animal's needs are exactly met. The 
success of this is limited in two ways; first by limitations of the available foodstuffs and 
secondly by uncertainties about the amino acid requirements of pigs. 

We have determined the additions of amino acids required to optimize the utilization of 
barley protein by growing pigs in a series of experiments in which urinary nitrogen excretion 
was used as the criterion of protein utilization (Fuller eta!. 1978). It was found that addition 
of the first- and second-limiting amino acids, lysine and threonine, accounted for most of the 
attainable improvement. In these experiments, addition of 4.0 g L-lysine/kg andlof 1'2 g 
L-threonine/kg, raising the total concentrations to approximately 7.2 and 4.2 g/k g, 
minimized urinary N excretion. 

The present experiment was designed to examine two further aspects: first, whether the 
commercially-important measures of pig growth could be improved to the same extent as N 
metabolism by the same amino acid additions; second, to examine the form of the response 
to determine what improvements in pig performance could be obtained with smaller 
additions of amino acids. 

E X P E R I M E N T A L  

Design. Thirty-three diets were formed by adding graded amount? of lysine and threonine to 
a basal diet in an incomplete factorial arrangement which is shown in Table I. The design 
was replicated twice with a total of sixty-six castrated male pigs and sixty-six females. 

Diets and feeding. The basal diet, described in Table 2, consisted of ground barley with 
vitamins and minerals. The barley was the same as that used in Expts 4 and 5 described in 
the previous paper (Fuller et aI. 1979). It was taken,from one 30-tonne batch and repeatedly 
mixed. Each batch of the basal diet (2 tonnes) was divided into two halves, one without 
added lysine, the other with added lysine, 6.0 g/kg, as the monohydrochloride. Each of these 
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Table I. Design of the experiment 
(Diets in the series A-F had no lysine added: diets G-L had 6.0 g lysine/kg. Final diets were made 
by mixing pairs of equal threonine content. The values indicate the numbers of females and males 
respectively which completed the experiments) 

Diet: Without lysine ... A B C D E F  
With 6.0 g lysine/kg ... G H I J K L 

L-threonine added (g/kg) ... o 0.6 1.2 1.8 2.4 3.0 
blysine added (g/kg) 

0 
I '0 
2'0 
3'0 
4'0 
5'0 
6.0 

2'2 2'1 2.1 - - - 
2'2 2'2 2.2 2.2 - - 
2'2 2*2 2'2 2'2 2'2 2'2 

- 2'2 2.2 2'2 2'2 2'2 
2.2 2'2 2.2 2'1 

2.2 2.2 3.1 2.2 2.1 - 

1.2 2.2 2.2 2.3 1.2 2-2 

- -  

Table 2. Composition (kgltonne) of the basal diet 

Ground barley 970 
Ground limestone 15.8 
Dicalcium phosphate 4'4 
Salt 3'1 
Vitamin + trace element supplement * 

Protein (nitrogen x 6.25) 95 t 
Total lysine 3'3 

Ingredients 

2.5 

Analysis Dry matter 860 

Total threonine 3'0 

* Parkhill supplement (Spencer's Feed Supplements, Dyce, Aberdeen) supplying (/IOOO kg diet): retinol 
300 mg, cholecalciferol 25 mg, riboflavin 2 g, DL-calcium pantothenate 10 g, nicotinic acid 10 g, cyano- 
cobalamin 5 mg menaphthone 9 g, copper 200 g, zinc 100 g, manganese 30 g, iron 60 g, cobalt 09 g, iodine 
1 g. 

t Containing (g/I6o g N): threonine 30.0, valine 48.0, isoleucine 3343, leucine 63.4, tyrosine 33.3, pheny- 
lalanine 41.4, histidine 19.7, lysine 35.2, methionine 17.5, cystine 23'4, tryptophan 9.8. (For details of amino 
acid analysis, see Fuller et al. 1979.) 

was subdivided into six portions to each of which L-threonine was added at one of the chosen 
levels. This provided six diets (diets A-F) with no added lysine and six more (diets G-L) 
with the maximum amount of lysine added. Final diets were made by weighing a portion of 
each of a pair of diets (diets A + G, . . . diets F+ L) for each meal. All diets were given at  the 
rate of 120 g/kg0*76 per d, adjusted once per week when animals were weighed. 

Animals. Sixty-six female and sixty-six castrated male pigs were selected when they 
reached 20 kg in groups of eleven of the same sex, three such groups of each sex forming one 
block. They were the progeny of Large White boars and Large White x Landrace sows. 
They were allocated at  random to the diets and fed individually twice daily. Five pigs 
refused significant amounts of food during the experiment and were discarded. Two animals 
were inadvertently allocated to the wrong treatments. The number of males and females 
completing the experiment on each diet is shown in Table I .  

Measurements. Each animal was weighed on three successive days when it reached 
approximately 25 kg and again when it reached approximately 60 kg. The animal was then 
slaughtered. The carcass was split and measurements were made of backfat thickness of each 
side at the shoulder, mid-back and loin (Harrington, 1958) and by optical probe over the 
last rib at  points P,, P, and P,, 45, 60 and 80 mm from the mid-line respectively (Meat and 
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Table 3 .  Average daily gains (kg) of pigs given a barley diet with additions of lysine and 
threonine 

Added lysine 
(g/k diet) 

0 
1'0 
2'0 
3'0 
4'0 
5'0 
6.0 

0 

041 
0'47 
0.52 
0.46 
0.46 

Added threonine 
k /kg  diet) 

06 1'2 1.8 
(a) Males 
052 - 0.45 

0.50 051 0'53 
0.62 0.59 059 
0.59 0.64 0.63 
0.62 0 64 0.65 
0.60 0.68 0.58 
- 0.62 0.64 

2.4 3'0 

0.64 - 
0.64 0.67 
0.66 064 
0.63 0.60 
0.60 0.68 

Over-all mean 0.590 

(h) Females 
- - - 

- - 
0 0.32 0.35 0.33 
1'0 0.46 0.48 0'52 0.39 
2'0 0.36 0'53 0.63 0'57 0 64 
3'0 0.43 0.55 0.58 0.60 0.63 0.63 

0'45 0.48 0.58 0.64 0.67 060 
- 0.55 0.65 0.64 0.60 0.46 

40 

0.55 0.61 0'52 0.57 
5'0 
6.0 

- 

- - 
Over-all mean 0.534 

Livestock Commission, 1971). The specific gravity (SG) of each side was measured by weighing 
it in air and in water. For each measurement the mean value for the two sides was used. 

Analysis of results. Responses to amino acid concentrations were examined by multiple 
regression analysis, using the logarithms of the variables. Rosenberg el al. (1959) used an 
equation of this form to analyse their similar experiments with rats, though they did not 
state whether the fit of their values was improved by logarithmic transformation. With our 
results there was a small, but non-significant improvement in fit: the major effect of the 
logarithmic transformation was to make the analysis more sensitive to the interaction 
between lysine and threonine, as evidenced by the significant product term in several of the 
equations. In some instances, square and product terms were not significant and were 
omitted. 

RESULTS 

There were no significant differences between the two blocks in any of the measurements. 
Only in the instance of the daily gain did differences between males and females in the 
regression coefficients approach significance. In all instances there was a highly significant 
difference (P < 0.001) between the sexes in the adjusted mean of each of the measured 
variables. 

Daily gain. The average daily gain of males and females on each diet is given in Table 3. 
Over-all, castrates grew faster than females; this difference was greatest with the low-quality 
diets. Although differences between the sexes in the regression coefficients were not quite 
significant, use of the pooled coefficients underestimated the maximum gain of the females 
and concealed the fact, evident from inspection of individual values, that their gain decreased 
more rapidly with increases of lysine above the optimum than that of males. Separate 
regression equations were therefore calculated for males and females and are given in 
Table 7. From these, a maximum daily gain for gilts of 0.64 kg is predicted with an addition 

https://doi.org/10.1079/BJN
19790042  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19790042


336 M. F. FULLER, I. MENNIE A N D  R. M. J. CROFTS 

Total threonine (g/kg) 
3 

- 
0 1 2 

Additionat threonine (gikg] 

Fig. I 

Total threonine (glkg) 

I I I 
0 1 2 5 3  

Added threonine (g/kg) 

Fig. 2 

Fig. I .  The daily gains (kg) of pigs in response to the supplementation of a barley diet with lysine 
and threonine. The lines are contours of equal gain: (O),  (-), $; (A), (---), 9. 
Fig. 2. The food conversion ratio (FCR; kg food /kg weight gain) of pigs in response to the supple- 
mentation of a barley diet with lysine and threonine. The lines are contours of equal FCR: (O),  
(----), 8 ;  (A), (---I, ?. 

of 3.5 g lysine /kg and of 1.8 g threonine/kg. For castrates the maximum gain of 0.65 kg was 
achieved with additions of 4.2 g lysine/kg and 2.0 g threonine/kg. Thus, the gilts achieved a 
maximum growth rate almost as high as the castrates with slightly lower additions of amino 
acids; with smaller quantities of amino acids added, however, their growth rate declined 
considerably more than that of the castrates. Fig. I presents these results in the form of gain 
isoquants, describing combinations of lysine and threonine at which equal growth rates were 
achieved. 

Food conversion ratio (FCR). The mean FCR for each diet is given in Table 4. The pooled 
within-sex regression coefficients relating FCR to the concentrations of lysine and threonine 
are given in Table 7. Males achieved a minimum FCR of 2.84 and females 3.06. These were 
obtained with additions of 4.0 g lysine/kg and 1.9 g threonine/kg. The FCR isoquants are 
shown in Fig. 2 .  

Carcass SG. Estimates of carcass SG are given in Table 5 .  Males had a maximum SG, 
corresponding to a minimum fatness, of 1.053 and females 1.057. These were attained with 
the addition of 5-9 g lysine/kg and the maximum addition of 3.0 g threonine/kg. The results 
suggested a continued response to threonine above this, the highest concentration included. 
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Table 4. Food conversion (kg foodjkg weight gain) of pigs given a barley diet with additions of 
lysine and threonine 

(g/kg diet) 
Added threonine 

Added lysine 
(g/kg diet) 

0 
1'0 

2'0 

3'0 
4'0 
5 '0  
6.0 

A 

0.6 1'2 I -8 
4.66 - 467 

3'75 3'70 3'99 
3.28 3'13 3.21 
3.28 3.09 3.06 
3'40 3'07 2.93 
3.28 2.87 3.10 

3.12 3'04 - 

2'4 3'0 
- - 
- - 

- 3'05 
2.98 2.9 I 
2.88 3-04 
3.06 3'43 
3'23 3'12 

Over-all means: 6 3.256, 9 3.569. 

Table 5. The specific gravity of the carcasses of 60 kgpigs given, from 25 to 60 kg, a barley 
diet supplemented with lysine and threonine 

(For convenience, values of specific gravity are expressed by subtracting 1.0 and multiplying by 10') 

Added threonine 
k / k g  diet) 

Added lysine r A \ 

( d k g  diet) 0 0.6 1'2 1.8 2.4 3'0 
- - - 
- - 0 382 364 34 8 

1'0 420 438 437 455 
2'0 427 468 484 503 528 
3'0 439 489 520 598 534 552 

414 478 522 499 517 537 
- 520 535 525 531 554 

6.0 - - 548 496 530 542 

Over-all means: 3 475, 0 501. 

- 

4'0 
5'0 

Table 6. The backfat thickness (mm) at point P, (60 mm from mid-line) of 60 kg pigs given, 
from 25 to 60 kg,  a barley diet with sqylements of lysine and threonine 

Added threonine 
(g/kg diet) 

h Added lysine 7 , 
( d k g  diet) 0 0.6 1'2 1.8 2.4 3'0 

- - - 20'0 - - 
0 19.2 19.3 
I .o 18.8 I 9 5  I 8.0 17'3 
2'0 20.2 15'5 I 8.5 15'7 I 7.0 
3'0 17'3 16.8 16.7 16.3 I 6.0 14'3 
4'0 
5'0 

6.0 

- 

20'0 17'3 I 5.0 15'0 I 6.3 I 6.0 
- 14'5 I 6.7 15.8 17'5 14.8 

15.3 17-0 I yo 147 - - 

Over-all means: 6 17.93, 15.86. 

The regression equations describing these relationships are given in Table 7. Isoquants of 
carcass SG in relation to lysine and threonine concentrations are shown in Fig. 3. 

Backfat thickness. All backfat measurements decreased with increasing additions of lysine 
up to the maximum supplement, with no discernible optimum. Optical probe measurements 
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Added threonine (g/kg) 

Fig. 3. The carcass specific gravity of pigs in response to the supplementation of a barley diet with 
lysine and threonine. The lines are contours of equal specific gravity: (-), 3;  (---I, 0 .  

Table 7. Regressions of the natural logarithms of the measured variates on the logarithms of 
the concentrations of toral lysine (L ;  g l k g )  and total threonine (T;  g / kg )  

Dependent variate Sex Regression equation 
Residual 

SD 

log, daily wt gain (kg) 3 -4'287+ 1.497 L+z.gog T-0.475 L2- 1.065 T2+0261 LT 0.103 
9 --6754+3.177 L+4'122 T-1.178 L2-1-871 T2+0889 LT 0'134 

log, FCR 

log, SG 

c? 
? 3'411) -0.170 L-0.163 T 

3'297 0' I75 

FCR, food conversion ratio (kg food/kg wt gain);SG specific gravity; P2, back fat thickness 60 mm from 
the mid-line. 

were reduced with additions of both lysine and threonine, but no optimum dose of either 
amino acid was detected within the range used in the experiment. The optical probe measure- 
ment at point P, has been taken as representative of backfat thickness and is given in Table 6.  
The regression relating backfat thickness at Pz to the amino acid concentrations is given in 
Table 7. 
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DISCUSSION 

These results confirm in principle what was reported in the previous paper (Fuller et al. 
1978); that substantial improvements in the utilization of cereal protein can be achieved by 
the simultaneous addition of just two amino acids. There are, however, two aspects of the 
results which were not anticipated from the earlier work and which particularly demand 
discussion. The first is that the threonine concentration required for maximum daily gain 
and minimum FCR was 4-9 g/kg, which is 16% higher than was required to minimize 
urinary N excretion. The optimal lysine concentrations, on the other hand, were similar in 
the two studies. Reference to Figs. I and 2, however, suggests that the discrepancy is not 
serious. In each instance the point of optimum response is seen to lie within a broad area of 
lysine and threonine combinations over which large changes in amino acid concentration 
produce only small changes in response. Similarly, when urinary N excretion was the criterion, 
the optimal threonine concentration was judged to be that beyond which further additions 
produced no significant response. This is likely to underestimate the concentration giving 
maximum response. 

Muller et al. (1967) gave pigs a mixture of cereals including 440 g barley/kg. They found 
in two similar trials that faster growth was achieved with the addition of 2.0 g threonine/kg 
than with 1.0 g/kg; giving an optimum threonine addition very similar to that found in the 
present experiment. They did not, however, give the amino acid composition of their basal 
diet, which is likely to affect the responses to amino acid additions. This is illustrated by the 
results of Aw-Yong & Beames (1975), who fourid that pigs given a barley diet with added 
lysine 3.5 g/kg (total 7 3  g/kg) gained faster with the addition of threonine 1.0 g/kg than 
with 0.5 or 1.5 g/kg. Their barley, however, had a higher threonine content than ours, and 
their optimal diet had a total threonine concentration of 4.7 g/kg, similar to the estimate of 
4.9 g/kg in the present experiment. The concentrations of lysine and threonine in their 
optimal diet amounted to 6.8 and 4.3 g/kg protein, which are very similar to the values of 
7.1 and 4’2 g/kg protein which are reported in the previous paper (Fuller et al. 1978). 

The second aspect which requires discussion is the observation that measures of carcass 
leanness continued to respond to additions of amino acids above those giving the fastest and 
most efficient growth. This implies that with additions of amino acids above those giving 
maximum growth decreases in lean tissue growth were accompanied by even greater 
declines in the rate of fat deposition. There is no obvious explanation for this. A decrease in 
fat deposition might be expected had the animals been fed ad lib. for then excessive amino 
acids might depress food consumption with resultant reductions in both daily gain and back- 
fat thickness (Aw-Yong & Beames, 1975). In the present experiment animals were given 
fixed amounts of food which, in all but a few instances, was completely eaten. It is perhaps 
worth noting, however, that four of the five animals which refused significant amounts of 
food, and which were discarded from the experiment, were given diets with, as it transpired, 
an excess of threonine relative to lysine. An analogous response to increasing protein con- 
centration was noted in a review of the literature by the Agricultural Research Council 
(1967). Improvements in carcass quality were seen with increases in protein concentration 
above those giving maximum weight gain and most efficient food conversion. In that 
instance, however, increases in protein concentration involve simultaneous reduction in the 
supply of non-protein energy, with a consequent reduction in the net energy of the diet 
(Schiemann, 1963). There seems to be no evidence that a small excess of amino acids could 
affect the net energy of the diet. As the effect was seen in both the specific gravity and the 
backfat thickness measurements, it appears to be real, and may be of significance in deter- 
mining what amino acid supplements are economically optimal. 
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