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ABSTRACT:  Two experiments involving 68 crossbred (Landrace-Hampshire-Duroc) pigs were conducted to define the order of the first three limiting amino acids (AA) in wheat for growing-finishing pigs.  In Exp. 1, 28 growing pigs (22.5 kg initial body weight), were grouped by weight, age, sex and litter, in 4 treatments with 7 replicates. The treatments were: T1) base diet, 97 % wheat, T2) + .46% L-lysine, T3) + .46% L-lysine + .14% L-threonine, T4) + .46% L-lysine + .14% L-threonine + .05% DL-methionine. Crystalline lysine, threonine and methionine were added to raise their content in the diet to .83, .54, and .25%, respectively. In Exp. 2 40 finishing pigs (54.2 kg initial body weight) were grouped in 4 treatments of 5 replicates (two pigs per replicate) each. The treatments were: T1) base diet, 97% wheat + .46% L-lysine, T2) base diet + .20% L-threonine, T3) base diet + .20% L-threonine + .05% DL-methionine, and T4) control, wheat-soybean meal diet. All diets were formulated to contain .75% lysine. In both experiments vitamins and minerals were added to meet or exceed their requirements; feed and water were provided ad libitum. In exp. 1, the addition of lysine to the base diet increased (P<.05) the weight gain, as well as feed, lysine, treonina, and metionina, intake, and improved (P<.05) feed conversion. Threonine supplementation additionally increased (P<.05) weight gain and threonine intake, and improved (P<.05) feed conversion. Methionine increased (P<.05) the consumption of this AA, but did not affect (P>.10) daily weight gain nor feed conversion. In exp. 2, the addition of treonina to the base diet did not affect (P.>10) neither weight gain nor feed conversion, but the combined addition of threonine and methionine to the lysine-supplemented base diet, increased (P<.01) daily weight gain and improved (P<.05) feed conversion. These data indicate that lysine is the first limiting AA in wheat for growing and finishing pigs. These, also indicate that threonine is the second limiting AA in wheat for growing pigs, and that threonine and methionine are second colimiting AA for finishing pigs; methionine, does not limit the growth in young pigs fed wheat based diets. 

Key words. Pigs, wheat, lysine, treonina, metionina, 

Introduction


Wheat is the most widely grown crop in the world (Slafer and Satorre, 1999) and the northwestern part of México.  This grain is used mainly as human food; thus, most of the available published information is related to its industrial quality for human food production.  However, when wheat production is higher than demand for industrial purposes, the availability of this grain for animal feeding increases.  Under these circumstances, the price of wheat is comparable to that of grain sorghum and corn.

The crude protein (PC) and essential amino acids (AA) content of wheat is superior to that of corn (Sauer et al., 1981) and grain sorghum (Cervantes et al., 1997). Based on the wheat AA composition and the requirements of AA by growing-finishing pigs (NRC, 1998), lysine, threonine and methionine are the first limiting AA.  But, the available information regarding the AA that limit growth and feed efficiency of growing and finishing pigs is very scarce.  Limiting AA in grain sorghum and corn are very well known (Russell et al., 1983; Cervantes et al., 1997).  There is a high availability of synthetic AA, at competitive prices, in the national market. Therefore, it is necessary to identify the amino acids and the order at which they limit growth and feed efficiency of pigs fed wheat based diets, in order to more efficiently utilize feed ingredients in swine diets.  These experiments were conducted to identify the order of the three first limiting AA.

Materials and Methods


Two experiments involving 68 crossbred (Landrace-Hampshire-Duroc) pigs were conducted at the Swine Experimental Unit, ICA, UABC.  All pigs had consumed grain sorghum-soybean meal diets before the experiments started.  A single source of wheat was used in both experiments.  Exp. 1 was conducted to assess the order of the first three limiting amino acids (AA) in wheat for growing pigs.  Twenty eight pigs (22.5 kg average body weight) were randomly allotted to 4 dietary treatments, based on initial body weight, age, sex and litter, according to a complete blocks design (Steel y Torrie, 1980).  Pigs were individually housed in .6 x 1.2 m raised floor pens.  Pigs were weighed on a weekly basis during the 28-d study; the average final body weight was 35.7 kg.  Dietary treatments were: 1) basal diet, 2) +.46% L-lysine, 3) +.46% L-lysine + .14% L-threonine, 4) + 46% L-lysine + .14% DL-threonine + .05% DL-methionine.  The basal diet contained 97% wheat, and was supplemented with vitamins and minerals to meet or exceed the requirements for the 20-50 kg pigs (NRC, 1998).  Crystalline lysine, threonine, and methionine were added at the expenses of corn starch to raise their diet content to .83, .54, and .25%, respectively; the dietary wheat content remained constant.  


Based on the results from the Exp. 1, lysine, threonine, and methionine are the first three limiting AA in wheat for growing pigs.  Since the growth capacity and protein deposition in growing pigs is different from these in finishing pigs, Exp. 2 was conducted to asses the limiting order of lysine, threonine and methionine in wheat for finishing pigs.  Forty pigs (54.2 kg body weight) were randomly allotted to 4 dietary treatments, based on initial body weight, age, sex and litter, according to a complete blocks design.  Pigs were housed in pairs (one male and one female) in 1.0 x 1.2 m pens provided with self-feeder and nipple waterer.  Pigs were weighed on a weekly basis during the 49-d study; the average final body weight was 93.0 kg.  Dietary treatments were: 1) basal diet, 2) .20% threonine, 3) +.20% L-threonine + .05% DL-methionine, 4) control diet.  The basal diet contained 97% wheat plus .36% L-lysine, and was supplemented with vitamins and minerals to meet or exceed the requirements for the 50-80 kg pigs (NRC, 1998).  Crystalline lysine, threonine, and methionine were added to raise their diet content to .75, .56, and .25%, respectively; the dietary wheat content remained constant.  The control diet was formulated with wheat and soybean meal to contain .75% lysine, and was supplemented with vitamins and minerals to meet or exceed the requirements for the 50-to kg pigs.

Results and Discussion


The results of Exp. 1 are shown in Table 2.  The addition of lysine to the basal diet increased (P<.05) the average daily gain, feed intake, the consumption of lysine, threonine, and methionine, and improved (P<.05) feed conversion.  Daily gain increased by 64%, while intake of feed, lysine, threonine, and methionine increased by 42, 218. 41, and 41%, respectively.  Although, lysine was the only crystalline AA added to the basal diet, the increase in threonine and methionine consumption was the result of the increase in feed intake.  The increase in daily gain in response to lysine-supplementation, indicates that lysine is the first limiting AA in wheat for growing pigs.  But, the growth rate of pigs fed the lysine supplemented basal diet was lower than expected for the 20-50 kg pig (NRC, 1998).  This, suggest that this diet is deficient in one or more of the essential AA.


The inclusion of threonine to the lysine-supplemented basal diet further increased (P<.05) daily gain, feed conversion, and threonine intake.  The consumption of feed and methionine were not affected (P>.10) by the addition of threonine.  Daily gain and threonine intake additionally increased 55 and 44%, respectively, while feed conversion further improved 34% with the addition of threonine.  Therefore, this response indicates that threonine is the second limiting AA in wheat for growing pigs.  Since the increase in threonine intake and daily gain were similar, it suggests that the performance of growing pigs can be improved with further increments in the dietary threonine level.


Further addition of methionine to the basal diet, although increased (P<.05) methionine consumption, it did not additionally increased daily gain, nor improved feed conversion (P>.10).  Neither, feed, lysine nor threonine intakes were increased by the inclusion of methionine in the basal diet.  This response suggests that methionine is not a limiting AA in wheat for growing pigs.  However, the daily gain of pigs fed the methionine-supplemented diet was 68% higher (P<.05) than that of pigs fed the lysine-supplemented diet, which is 12 percentage units above the increase obtained when the lysine-threonine supplemented diet was fed as compared with the basal diet.


The results of Exp. 2 are shown in Table 3.  The addition of threonine to the basal diet, although increased (P<.05) the intake of this AA and methionine, it did not affect (P>.10) daily gain, feed intake, or feed conversion.  Further addition of methionine increased (P<.05) daily gain, methionine intake and tended to improve (P<.10) feed conversion, as compared with those of pigs fed the basal diet.  This response suggests that methionine is the second limiting AA, or that methionine plus threonine are both co limiting the performance of finishing pigs fed wheat-based diets.  Interestingly, pigs fed the basal diet supplemented with threonine and methionine, had a higher (P<.05) daily gain than those fed the control diet.  Threonine intake tended to be smaller (P<.10) in pigs receiving the control diet, as compared to those fed the threonine-methionine-supplemented diet (13.3 vs. 15.2 g/d, respectively), but the intake of methionine was similar (P>.10) between these treatments.  This supports the hypothesis that both, threonine and methionine are equally limiting in wheat for finishing pigs.  Lysine intake was similar in all pigs; this response was expected because no difference (P>.10) was observed in feed intake and all diets were formulated to contain the same lysine level.


Prolamines are the most abundant proteins in grain cereals (e.g. grain sorghum, corn and wheat), which contain low levels of lysine, threonine, and methionine (Tatham and Belton, 1995).  In grain sorghum, lysine and threonine are the first and second limiting AA, respectively, for growing pigs (Cervantes et al., 1997).  Methionine and isoleucine appear to be equally limiting in this grain (Cervantes et al., 1997), but the performance response to their supplementation has not been consistent.  Corn, is also first limiting in lysine, followed by tryptophan; threonine and methionine appear to be third limiting in growing pigs (Russell et al., 1983).  Despite the fact that proteins in cereals are similar, only lysine has the same limiting order in grain sorghum, corn, and wheat; the limiting order of threonine and methionine is variable depending on the grain; that is, lysine is the most critical AA, regardless of the grain used in the diet for growing pigs.


It is well recognized the importance of lysine in swine fed cereal-based diets; in fact, the design of the ideal protein is based on the relationship between lysine and the other essential AA.  But, in this study, it is remarkable the fact that the response of pigs fed the wheat diet supplemented with crystalline lysine, threonine, and methionine was similar, and even better, to that of pigs fed the control diet.  In contrast, pigs fed low protein, grain sorghum- (Cervantes et al., 1997) or corn-based (Russell et al., 1983) diets grew slower and less efficiently than those fed high protein diets.  The results from Exp. 2, show that soybean meal can be completely replaced by crystalline lysine, threonine, and methionine without affecting the performance of finishing pigs.  This has an important implication on the cost of feeding pigs.


Previous reports indicate that the nutritional value of wheat was lower (Gill et al., 1965) or similar to that of corn (Erickson, et al., 1980) or grain sorghum (Luce et al., 1972).  These conclusions were withdrawn when pigs were fed diets containing similar levels of crude protein or lysine.  But, the response of pigs was biased because grain sorghum and corn contain less CP and lysine than wheat.   Thus, in order to obtain similar levels of CP or lysine, diets based on grain sorghum or corn need to be added with higher levels of soybean meal, as compared with wheat-based diets.  The quality soybean meal protein is higher than that of the cereals due to its higher AA digestibility (Sauer et al., 1981) and availability (Taverner and Farrel, 1981).  There is no available report that shows the nutritional value each grain by itself, without the influence of another dietary ingredients.  In these experiments, pigs consuming the diets containing wheat as the sole major ingredient, and supplemented with crystalline lysine, threonine, and methionine had a growth rate and feed conversion similar, and even higher, than those of pigs fed the wheat-soybean meal diet.  These results suggest that wheat has a higher nutritional value than grain sorghum and corn.

Implications


Lysine the first limiting AA in wheat for growing pigs for growing and finishing pigs.  Threonine is the second limiting, but methionine does not limit the growth rate nor feed conversion in growing pigs.  Both, threonine and methionine are equally limiting in finishing pigs.  Soybean meal can be completely replaced by crystalline lysine, threonine, and methionine in wheat-based diets without affecting the performance of finishing pigs.
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Table 1.  Composition of the experimental basal and control diets used in Experiments 1 and 2.

	
	Basal diet
	Control

	Ingredient
	Exp. 1
	Exp. 2
	Exp. 2

	Wheat
	97.18
	97.20
	84.71

	Soybean meal
	
	
	13.20

	Corn starch
	.79
	.25
	

	HCl-L-lysine, 78%
	
	.46
	.46

	Calcium carbonate
	1.12
	1.06
	1.06

	Dicalcium phosphate
	.36
	.48
	.48

	Iodized Salt
	.35
	.35
	.35

	Vitamin y mineral premix a
	.20
	.20
	.20


a Supplied per kilogram of diet: Vitamin A, 4800 UI; vitamin D3, 1600 UI; vitamin E, 4.8 UI; vitamin K3, 1.6 mg; riboflavin, 4 mg; d-pantothenic acid, 7.2 mg; niacin, 16 mg; vitamin B12, 12.8 µg; Zn, 64 mg; Fe, 64 mg; Cu, 4 mg; Mn, 4 mg; I, 0.36 mg; Se, 0.13 mg.
Table 2.  Performance of growing pigs fed wheat-based diets, added with lysine, threonine, and methionine.

	Treatments
	Basal
	+L
	+LT
	+LTM
	

	Added lysine, %
	
	.46
	.46
	.46
	

	Added threonine, %
	
	
	.14
	.14
	

	Added methionine, %
	
	
	
	.05
	EE

	Daily gain, g/d a,b,c
	240
	430
	598
	614
	14.1

	Feed intake, kg/d a
	1.24
	1.75
	1.85
	1.93
	.054

	Feed conversion a,b,c
	5.29
	4.35
	3.07
	3.18
	.112

	Lysine intake, g/d b
	4.57
	14.54
	15.32
	16.01
	.400

	Threonine intake, g/d a,b,c
	4.69
	6.66
	9.6
	10.03
	.251

	Methionine intake, g/d a,c,d
	2.59
	3.68
	3.88
	5.21
	.126


a Base vs. +L: (P<.05)

b +L vs. +LT: (P<.05)

c +L vs. +LTM: (P<.05)

d +LT vs. + LTM: (P<.05)

Table 4.  Performance of finishing pigs fed wheat-based diets, added with lysine, threonine, and methionine, or soybean meal.

	Treatments
	Basal
	+T
	TM
	Control
	

	Added lysine, %
	.36
	.36
	.36
	
	

	Added threonine, %
	
	.20
	.20
	
	

	Added methionine, %
	
	
	.05
	
	EE

	Daily gain, g/d b,d
	783
	831
	878
	812
	11.3       

	Feed intake, kg/d 
	2.65
	2.77
	2.72
	2.53
	.049

	Feed conversion
	3.39
	3.34
	3.09
	3.11
	.060

	Lysine intake, g/d 
	19.9
	20.7
	20.4
	19.0
	.368

	Threonine intake, g/d a,b
	9.55
	15.5
	15.2
	13.3
	.829

	Methionine intake, g/d a,b
	13.26
	15.2
	16.3
	15.9
	.280


a Basal vs. +T: (P<.05)

b Basal vs. +TM: (P<.05)

c +T vs. +TM: (P<.05)

d Control vs +TM: (P<.05)






