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ILEAL DIGESTIBILITY OF AMINO ACIDS IN PIGS FED WHEAT DIETS SUPPLEMENTED WITH A FUNGAL PROTEASE
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ABSTRACT:  One experiment was conducted to evaluate the effect of adding a fungal protease to wheat-based diets on the apparent ileal digestibility (AID) of amino acids (AA).  Four pigs adapted with a cannula in terminal ileum were used in two periods, according to a crossover design. The treatments were: 1) basal wheat-diet, 0.55% lysine, 0.10% threonine, vitamins and minerals, and 2) basal diet plus 0.3% protease. Both diets contained 0.4% chromic oxide.  Feed was mixed with water, and offered twice a day, in equal rations, at 0700 and 1900 h, in two 12-d periods; 8 d adaptation to diet and 4 d for digesta collection.  This was continuous from 0700 to 1300 h  (9 and 11 d), and from 1300 to 1900 (10 and 12 d). There was not enzyme effect on the AID of AA (P > 0.10).  These results indicate that the addition of a fungal protease to wheat-based diets dos not affect the AID of AA. These results also suggest that the addition of the protease to wheat-based diets for growing pigs does not represent any benefit.
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Introduction

The supplementation of free amino acids (AA) to low crude protein (CP) diets improves the AA balance of the diet and, as a consequence, reduces the environmental damage by decreasing the nitrogen excretion through the feces and urine (Cromwell, 1996).  Moderate reduction of the CP level (up to four percentage units) of sorghum-based diets, coupled with supplementation of lysine and threonine, does not affect pig performance (Cervantes et al., 1997).  However, further reductions in the dietary CP level (more than four percentage units) reduce the growth rate and feed efficiency of pigs, even though these diets are supplemented with all the limiting nutrients (Hansen et al., 1993).  In contrast, growing pigs fed wheat-based diets without soybean meal, but supplemented with crystalline lysine and threonine, performed as well as those fed a 17% CP wheat-soybean meal diet.

Recent reports show that the CP level in the diet affects the apparent ileal digestibility (AID) of AA in pigs (Fan et al., 1994; Cervantes et al., 1997). This information could suggest that the poor performance of pigs fed low CP, AA supplemented, grain sorghum-soybean meal diets, can be partially attributed to the low AID of the AA contained in those diets. The use of carbohydrases in wheat-based diets for pigs, to improve the AID of AA, is well documented (Campbell and Bedford, 1992; Bedford, 2000). But, the available information regarding the effect of added proteases to wheat-based diets is scarce. In a previous study (Cervantes et al., 1999), the addition of .05% of a fungal protease to low protein, grain sorghum-soybean meal diets, did not affect the AID of AA. This experiment was conducted to evaluate the effect of adding a fungal protease to wheat-based diets, on the AID of AA and the performance of growing pigs. 

Materials and Methods

An experiment was conducted in the Swine Experimental Unit of the Instituto de Ciencias Agrícolas of the UABC.  Four pigs adapted with cannulaes in terminal ileum were used. Surgical placement of the cannulaes, as well as pre- and post-operative care, was previously described by Cervantes et al. (1999).  Immediately after surgery, the gilts were placed individually in metabolism cages.  All pigs completely recovered within 10 to 12 d after surgery, as indicated by the absence of inflammation around the fistula and normal feed intake (similar to that before surgery).  Feed was provided 24 h post-surgery.  During the recovery period, all pigs received a 16% CP sorghum-soybean meal diet.  Following recovery, the gilts were fed one of two experimental diets.

The treatments consisted of diets containing only wheat as the major ingredient, and added with vitamins, minerals, 0,55% L-lysine, and 0,10% L-threonine (Table 1). Treatment 1 was the basal diet, and treatment 2 was the basal diet plus .3% of the fungal protease (180 000 hemoglobin units/g, pH 4,7). Synthetic Lysine and threonine were added to the basal diet to meet approximately 85%; vitamins and minerals to meet 100% the requirements of these nutrients for the 20-50 kg pigs (NRC, 1998). Also, all diets contained 0.4% chromic oxide to determine the AID of AA. The AA composition of wheat and experimental diets are presented in Table 2. 

Pigs were fed 2 times daily (0700 and 1900 h), equal amount each time. The feed was mixed with water in a 1:1 ratio; the enzyme was added when the feed and water were mixed. The pigs were trained to consume their ration in 15 min or less. The amount of feed offered was equal to that consumed by the pig with the lowest feed intake during the adaptation period to guarantee that all animals had the same level of consumption. The experiment was conducted according to a crossover design (Steel and Torrie, 1980), with two experimental periods. Every period consisted of 12 d; 8 d of diet adaptation and 4 d for collection of ileal samples. Sampling was performed continuously, from 0700 to 1300 h on days 9 and 11, and from 1300 to 1900 h on days 10 and 12. The samples were collected in plastic bags attached to the cannula. All samples were immediately stored at -20° C. 

At the end of the experiment the samples of ileal content were thawed, homogenized and freeze-dried. Diet and ileal samples were analyzed for dry matter, CP (AOAC, 1984), AA (Sedgwick et al., 1991) and chromic oxide (Hill and Anderson, 1958). Statistical analysis of data were performed using analysis of variance generated using the General Lineal Models procedure of SAS (SAS, 1988). 

Results and Discussion

The results of AID of AA are presented in Table 3. The addition of 0.3% protease to the diet did not affect (P > 0,10) the AID of any of the essential or nonessential AA. The AID of arginine, phenylalanine, and valine tended to be greater in the diet added with the protease, but this difference was not significant. Arginine, histidine and lysine had the highest AID values of the essential AA. In contrast, valine and threonine were the essential AA with the lowest AID. Proline and glycine had the highest AID values of the nonessential AA; whereas alanine had the lowest AID. In average, the AID of the essential AA was 7.1 percentage units lower than the nonessential (65.9 versus 73.1%, respectively). 

The reported value of AID of lysine in wheat seems to be lower than the obtained in this experiment. Fan et al. (personal communication) found that the AID of lysine in high protein wheat (17.0 to 19.9) ranged between 59 and 70%. The high AID value for lysine observed in this experiment is attributed to the fact that 0.55% synthetic lysine was added to the diet; this form of lysine is 100% digestible (Chung and Baker, 1992).  Also, the AID value of threonine, although low, is superior to the one observed in another study conducted at this station (Cervantes et al., 1997); the diets in this experiment were also added with 0.10% of synthetic threonine (100% digestible). 

The variability in the AID values between the different AA were also observed by Sauer et al. (1981); this is explained by the differences in the AA concentration in the different protein fractions of wheat. Prolamines are the most abundant proteins in wheat; 50% of proteins of this grain are prolamines (Tatham et al. 1995).  According to these authors, these proteins are high in glutamine and proline; which, altogether, represent between 30 and 70% of the total AA. In contrast, prolamines are very poor in lysine, methionine and phenylalanine, whose values of AID also are very low. The low AID of threonine is attributed to the fact that this AA is highly concentrated in proteins of endogenous origin (Sauer et al., 1977). 

In a previous study, Cervantes et al. (1999) did not find any effect of the addition of 0.05% protease to grain sorghum-soybean meal diets on the AID of AA. This is the level recommended by the company that produces the enzyme. It was assumed that the concentration of the protease in the diet used in that study was very low; thus, this experiment was designed to test diets containing 6 times the recommended protease level. But, these levels did not affect either the AID of AA.  Consequently, these results suggest that the temperature and pH in the intestinal lumen are not appropriate to render optimal activity of the protease.  Also these results suggest that wheat proteins are protected by other components, which do not allow them to interact with the enzymes. The second supposition appears to be the most probable one, since wheat contains several organic compounds that directly interact with the proteins. 

Wheat, in addition to barley and rye contains non-starch polysaccharides (NSP) that affect the physical characteristics of grain proteins. The most abundant NSP in wheat are arabinose and xylose, altogether denominated arabinoxylans. The total concentration of NSP in wheat ranges from 10,5 to 16.6%; xylose and arabinose represent 60% of the total NSP (8.2%; Zijstra et al., 1999). These compounds form colloids in the intestinal content, preventing the interaction of the diet proteins with proteolytic enzymes (Bedford, 1995). The animals do not produce enzymes that degrade arabinoxylans; consequently, the performance and the AID of AA in pigs are deteriorated when the grains have elevated levels of NSP (Yin et al., 2000). 

Phytic acid is another compound in cereal grains that interact with other compounds such as proteins and minerals (Láztity and Láztity, 1995). According to these authors, the phytate synthesis begins at the onset of the grain maturation, and creates electrostatic interactions with the proteins that are being synthesized simultaneously in the grain. Other evidences show that the phytates also form complexes with proteins of the endosperm by interacting with the radical chains of the amino acids (Reddy et al., 1982). Also, these phytates form stable complexes with several minerals, mainly with phosphorus, followed by calcium, zinc and iron. Through these minerals, the phytates also interact with proteins of the grain, forming a phytate-protein-mineral complex, which can reduce the AID of the AA. Therefore, it is expected that adding a phytase to wheat diets, will have a positive effect in the AID of AA in pigs. 

On the other hand, the addition of xylanase to wheat-based diets for pigs has been studied very little, and the available information shows contradictory results (Bedford, 2000). In contrast, the addition of this enzyme to either, wheat or barley diets for chicks has been intensively studied. The published information shows a positive and significant response in the AID of AA and the performance of birds (Campbell and Bedford, 1992; Bedford, 2000). 

The addition of 0,05% of the protease, to diets sorghum-soybean meal, either did not affect the AID of AA in pigs (Cervantes et al., 1999). Grain sorghum has very low amounts of NSP; therefore the lack of response cannot be attributed to the presence of the NSP. Although in that experiment yellow endosperm, low tannin grain sorghum was used, it is recognized that this compound also interacts with proteins (Láztity and Láztity, 1995). Consequently, the lack of response to the enzyme in diets with grain sorghum can also be attributed to the presence of tannin in the grain. 

Implications


The addition of a fungal protease to wheat-based diets does not affect the apparent ileal digestibility of amino acids in pigs.
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Table 1.  Composition (%) of the experimental diets.

	
	Diet

	Ingredients
	Basal
	Basal + Enzyme

	Wheat
	96.35
	96.05

	Protease
	
	0.3

	L-lysine-HCl
	0.55
	0.55

	L-threonine
	0.10
	0.10

	Calcium carbonate
	1.18
	1.18

	Dicalcium phosphate
	0.87
	0.87

	Iodized salt
	0.35
	0.35

	Vitamin and mineral premix a
	0.10
	0.10

	Chromic oxide
	0.40
	0.40


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 3.  Effect of a fungal protease addition to a wheat based diet, on the AID of AA in pigs (%).

	
	Diet
	
	

	Amino acid
	Basal
	Basal + Enzyme
	P=
	SE

	Essential
	
	
	
	

	   Arginine
	78.7
	79.5
	0.50
	0.77

	   Phenylalanine
	66.0
	67.5
	0.54
	1.62

	   Histidine
	78.2
	78.6
	0.65
	0.78

	   Isoleucine
	52.2
	53.1
	0.67
	1.56

	   Leucine
	66.7
	67.1
	0.55
	1.27

	   Lysine
	76.6
	76.9
	0.84
	0.66

	   Methionine
	67.1
	67.5
	0.72
	1.14

	   Threonine
	53.2
	54.0
	0.65
	1.58

	   Valine
	50.4
	52.4
	0.32
	1.23

	Non essential
	
	
	
	

	   Aspartic acid
	75.1
	75.6
	0.70
	0.89

	   Glutamic acid
	72.9
	73.2
	0.76
	0.88

	   Alanine
	54.7
	55.2
	0.89
	1.97

	   Glycine
	84.6
	84.3
	0.78
	0.42

	   Proline
	86.4
	86.8
	0.77
	0.51

	   Serine
	63.4
	63.1
	0.96
	1.35

	   Tyrosine
	72.9
	73.5
	0.53
	0.88


Table 2.  Analyzed Amino acid composition of wheat and the basal diet.


Amino acid�
Wheat�
Basal diet�
�
Essential�
�
�
�
   Arginine�
0.55�
0.57�
�
   Phenylalanine�
0.49�
0.51�
�
   Histidine�
0.26�
0.27�
�
   Isoleucine�
0.35�
0.36�
�
   Leucine�
0.72�
0.75�
�
   Lysine�
0.35�
0.77�
�
   Methionine�
0.18�
0.19�
�
   Threonine�
0.39�
0.40�
�
   Valine�
0.45�
0.47�
�



Non essential�
�
�
�
   Aspartic acid�
0.52�
0.54�
�
   Glutamic acid�
2.98�
3.08�
�
   Alanine�
0.37�
0.38�
�
   Glycine�
0.41�
0.42�
�
   Proline�
0.98�
1.01�
�
   Serine�
0.44�
0.46�
�
   Tyrosine�
0.28�
0.29�
�









