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Addition of Protease to Standard Diet or Low-Protein, Amino Acid-Supplemented,
Sorghum-Soybean Meal Diets for Growing-Finishing Pigs
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José L. Cordero, Ma. Teresa Sanchez-Torres and Manuel Cuca
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Abstract: Low-protein diets supplemented with amino acids help to reduce mtrogen excretion from pig facilities;
the exogenous enzymes improve the feedstuffs utilization. So, two experiments were conducted to evaluate the
effects of a protease added to sorghum-soybean meal standard or low-protein diets on Average Daily Gain
(ADG), Average Daily Feed Intake (ADFI), Feed: Gain Ratio (FGR), Fat Free Lean Gam (FFLG), Backfat
Thickness (BT), Longissimus Muscle Area (LMA), Lean Meat Percentage (LMP) and Plasma Urea Nitrogen
(PUN) concentration of growing and finishing barrows. Weekly data (ADG, ADFT and FGR) were analysed with
PROC MIXED; other data were analysed with PROC GLM. In experiment 1, 32 growing (29.1845.05 kg initial
weight) barrows were individually alloted mto 1.2x1.5 m pens in a complete block design with factorial 2x4
arrangement of two levels of CP (16 and 11.5%) and four of protease (0.00, 0.25, 0.50 and 0.75 kg t ), with eight
treatments (T) and four replicates per treatment. Diets (CP% and kg t™' protease) were as follows: T1) 16, 0.0;
T2)16,0.25, T3)16,0.5, T4)16%, 0.75, T5) 11.5,0.00, T6) 11.5,0.25, T7) 11.5, 0.5, and T8) 11.5, 0.75, respectively.
There was no effect of protemn nor of enzyme level on all vanables, except for PUN that was reduced as CP was
lowered m the diet. The mteraction of factors tended to atfect FFLG. The mixed effect analysis showed an effect
of time (week) on ADG, ADFI and FGR. Tn experiment 2, 32 finishing (56.77+5.38 kg initial weight) barrows were
used in a completely randomized design with a factorial 2x4 arrangement of two levels of CP (14 and 9.5%) and
four of protease (0.00, 0.25, 0.50 and 0.75 kg t"), with eight treatments (T) and four replicates per treatment. The
initial weight was used as a covariate for statistical analysis of data. The treatments (CP% and kg t™' protease)
were as follows: T1)14, 0.0, T2)14,0.25, T3)14, 0.5, T4)14%, 0.75, T5) 9.5, 0.00, T6)9.5,0.25,T7)9.5,0.5; and
T8) 9.5, 0.75, respectively. The CP reduction negatively affected ADG and FFLG and reduced PUN
concentration, but increased FGR. Increasing the protease level increased the PUN. The mteraction of both
factors affected PUN of pigs. The mixed procedure showed a fixed effect of mitial weight on ADFI and ADG;
of time (week) on ADFI, ADG and FGR; and of protein level on ADG. These results indicate that protease
supplementation to standard- and low-protein, sorghum-soybean, amine acid-supplemented diets, does not
improve the growth performance of growing-finishing pigs; that the protein level does not affect the carcass
characteristics and that the plasma urea nitrogen concentration 1s reduced when dietary protein 1s reduced.
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INTRODUCTION

The substitution of soybean meal by sorghum grain
18 a way to reduce the Crude Protein (CP) in diets for pigs.
An alternative to improve the nutritive value of feedstuffs
is the supplementation with exogenous enzymes,
especially proteases. So, the addition of enzymes to
animal feed increase the efficiency of digestion'!. The last
evidences n growing pigs fed low-protem diets based on
corn- or sorghum-soybean meal, indicate that CP can be
reduced by four percentage units™, supplementing with

crystallme Amino Acids (AA), without affecting pig
growth performance™. The weight gain is similar between
pigs fed low-protein, amino acid-supplemented diets and
pigs fed standard CP level™. However, pigs fed low-
proteir, amino acid-supplemented diets have more fat in
the carcass, compared to pigs fed standard CP diets™*%.
In finishing pigs fed com- or sorghum-soybean meal,
low-protemn, amino acid-supplemented diets have shown
inconsistent results™™ suggesting that there are
antinutritional factors in the ingredients used” that
reduce digestibility of nutrients and provoke digestive
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problems, not allowing pigs to express their maximum
genetic potential for growth. An improvement of feed
efficiency in growing pigs fed com-soybean meal diets
supplemented with exogenous protease has been
reported’. There is no information on the use of
sorghum-soybean meal diets supplemented with
exogenous protease for pigs. The objective of this
research was to analyse the effects of adding a protease
to sorghum-soybean meal, standard or low-protein diet,
on the growth performance, carcass characteristics and
plasma urea mtrogen concentration of growmng and
fimshing pigs.

MATERIALS AND METHODS

Experiment 1: This research was conducted in the
Experimental Swine Umt of the Colegio de
Postgraduados m Tecamac, State of México, México.
The site has an average temperatura of 12.3°C (-5.0°C

minimum, 27.0°C maximum);, inside the rooms, the
temperature was between 12 and 14°C warmer. In
experiment 1, 32 growing (29.18+5.05) crossbred
(YorkshirexDuroc*Pietrain) barrows were randomly
alloted nto single (1.2x1.5 m) concrete floor pens,
equipped with a feeder and a niple waterer, in a complete
block design with a factorial 2x4 (eight treatments)
arrangement with four replicates per treatment. The
blocking criterion was the mitial weight of pigs. This
experiment lasted 28 d. Pigs had free acces to feed and
water. The experimental diets (treatments) were sorghum-
soybean meal based and the varition was the CP level
(16 and 11.5%) and the level of exogenous protease
{0.00,0.25,0.50 and 0.75 kg t"). The treatments (T) were
as follows: T1) 160 and 0.00, control; T2) 16.0 and
0.25, T3) 16.0and 0.5, T4 16.0and 0.75; T5)11.5 and
0.00, control; T6) 11.5 and 0.25; T7) 11.5 and 0.5; and T8)
11.5 and 0.75, respectively Table 1. The CP levels
evaluated in this experiment were obtained from previous

Table 1: Composition of the experimental diets for growing pigs (experiment 1)

Treatment
Ingredient, % Ti1! T2 T3 T4 TS Té6 T7 T8
Sorghum 76.14 76.09 76.04 75.99 87.59 87.53 87.48 87.43
Soybean meal, 44% 20.44 20454 2046 2047 7.82 7.83 8 7.86
Soybean oil 0.85 0.87 0.89 0.90 1.08 1.10 1.11 1.13
L-LysinesHCL 0.26 0.26 0.26 0.26 0.69 0.69 0.69 0.69
DL-Methionine 0.01 0.01 0.01 0.01 0.14 0.14 0.14 0.14
L-Tryptophan 0.00 0.00 0.00 0.00 0.07 0.07 0.07 0.07
L-Threonine 0.02 0.02 0.02 0.02 021 0.21 0.21 021
Vitamins premix’ 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Trace minerals premix' 0.10 0.10 010 0.10 010 0.10 0.10 010
Protease enzyme 0.000 0.025 0.050 0.075 0.000 0.025 0.050 0.075
Calcium carbonate 0.94 0.94 0.94 0.94 0.98 0.98 0.98 0.98
Dicalcium phosphate 0.77 0.77 0.77 0.77 0.87 0.87 0.87 0.87
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Total 100 100 100 100 100 100 100 100
Calculated analy sis, % Req.f
ME, Mcal kg! MS 3.265 3.265 3.265 3.265 3.265 3.265 3.265 3.265 3.265
Crude protein 18.00 16.00 16.00 16.00 16.00 11.50 11.50 11.50 11.50
Calcium 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Available phosphorus 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
Lysine 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Threonine 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61
Tryptophan 0.17 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Methionine 0.25 0.27 0.27 0.27 0.27 0.34 0.34 0.34 0.34
Arginine 0.37 0.95 0.95 0.95 0.95 0.59 0.59 0.59 0.59
Histidine 0.30 0.41 0.41 041 0.41 0.29 0.29 0.29 0.29
Isoleucine 0.51 0.69 0.69 0.69 0.69 048 0.48 0.48 048
Leucine 0.90 1.62 1.62 1.62 1.62 1.33 1.33 1.33 1.33
Valine 0.64 0.77 0.77 0.77 0.77 0.56 0.56 0.56 0.56
Methionine + Cystine 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54
Phenylalanine+Tyrosine 0.87 1.43 1.43 143 1.43 1.04 1.04 1.04 1.04
Determined analysis, %
Gross energy, Mcal kg™! 4.225 4.188 4.163 4.230 4.197 4.182 4.221 4.230
Crude protein 16.11 15.81 16.04 15.71 11.70 11.76 11.65 11.49
Calcium 0.68 0.74 0.68 0.79 0.79 0.80 0.7 0.78
Total phosphorus 0.52 0.53 0.54 0.61 0.53 0.54 0.52 0.55
Cost of diet ($/ke)” 0.229 0.23 0.23 0.23 0.233 0.233 0.234 0234

'Control diet, "Provided per kg of diet (as fed basis): vit. A, 15,000 IU ; vit. D;, 2,500 IU; vit. E, 37.5 IU; vit K, 2.5 mg; thiamin, 2.25 mg; riboflavin,
6.25 mg; niacin, 50 mg; B, 2.5 mg; By, 0.0375 mg; biotin, 0.13 mg; choline, 563 mg; pantothenic acid, 20 mg; folacin, 1.25 mg, "Provided per kg of
diet (as fed basis): Fe, 150 mg; Zn, 150 mg; Mn, 150 mg; Cu, 10 mg; Se, 0.15 mg; I, 0.9 mg; Cr, 0.2 mg, *Nutrient requirements for growing pigs, NRCH,
Ycalculated cost with the price of ingredients at january-february 2006. Conversion to USD at the rate exchange (11.00 mexican pesos by 1 USD) of
october 10, 2006
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research', where the first level (16%) was the contrel
diet and the second was the level with the lowest plasma
urea nitrogen concentration in pigs. The diets were
isoenergetics (3.265 Mcal ME kg ™) and were added with
crystalline amino acids to equal the total concentration of
lysine, methionine, threonine and tryptophan as in the
control diet; this control diet was formulated to meet the
NRCH requirements for growing pigs. The weight and the
feed intake of each pig was recorded weekly, in order to
estimate weekly the Average Daily Gain (ADG), the
Average Daily Feed Intake (ADFI) and the Feed: Gain
Ratio (FGR) for each pig. The first and the last d of the
experimental period, the backfat thickness and the
longissimus muscle area were measured with a real time
ultrasound (Sonovet 600, Medison, Inc., Cipress,
California, TJSA), and, together with the initial and final
body weight were used to determine the fat free lean gain
(FFLG) and the Lean Meat Percentage (LMP) with the

Table 2: Composition of experimental diets for finishing pigs (experiment 2)

NPPC™ equation. The last day of the experimental period
blood samples were taken from the vena cava with
vacutainer heparimsed tubes (BD Vacutainer, Franklin
Lakes, NI, 07417, TISA), put in ice until they were
centrifuged at 2500 rpm (1286 g), then the supernatant
was transferred to polyuretane tubes and freezed at -20°C
until the determination of plasma urea nitrogen
concentration by UV espectrophotemetry™ in the
laboratory. The feed samples were ground in a Wiley mill
with 1 mm screene and the following analyses were
performed: N concentration with the Kjeldahl method™;
gross energy with an adiabatic calorimetric Parr™ bomb;
Ca and P, The data of variables measured weekly were
analysed with the mixed procedure of SAS!'! to determine
the fixed effect of time (week), block and treatment on
ADG, ADFI and FGR. The means of these variables were
obtained with the Ismeans procedure and compared with
the Tukey test. The other variables were analysed with
the GLM procedure and compared with the Tukey test!™.

Tratamiento
Ingredient, % Ti1! T2 T3 T4 TS Té6 T7 T8
Sorghum 82.95 82.90 82.85 82.79 94.40 94.34 94.29 94.24
Soybean meal, 44% 14.47 14.48 14.50 14.51 1.85 1.86 1.87 1.89
Soybean oil 0.41 0.42 0.44 0.46 0.63 0.65 0.67 0.68
L-LysinesHCI 0.20 0.20 0.20 0.20 0.63 0.63 0.63 0.63
DL-Methionine 0.00 0.00 0.00 0.00 0.13 0.13 0.13 0.13
L-Tryptophan 0.00 0.00 0.00 0.00 0.07 0.07 0.07 0.07
L-Threonine 0.003 0.002 0.002 0.002 019 0.19 0.19 019
Vitamins premix’ 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Trace minerals premix' 0.10 0.10 010 0.10 010 0.10 0.10 010
Protease 0.000 0.025 0.050 0.075 0.000 0.025 0.050 0.075
Calcium carbonate 0.81 0.81 0.81 0.81 0.86 0.86 0.86 0.86
Dicalcium phosphate 0.60 0.60 0.60 0.60 0.70 0.70 0.70 0.70
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Calculated analy sis, % Req.f
ME Mcal kg! DM 3.265 3.265 3.265 3.265 3.265 3.265 3.265 3.265 3.265
Crude protein 15.50 14.00 14.00 14.00 14.00 9.50 9.50 9.50 9.50
Calcium 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Available phosphorus 0.19 0.19 0.19 019 0.19 019 0.19 0.19 019
Lysine 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Threonine 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
Tryptophan 0.14 0.17 0.17 017 0.17 017 0.17 0.17 017
Methionine 0.20 0.23 0.23 0.23 0.23 0.30 0.30 0.30 0.30
Arginine 0.27 0.78 0.78 0.78 0.78 042 0.42 0.42 042
Histidine 0.24 0.36 0.36 0.36 0.36 0.24 0.24 0.24 0.24
Isoleucine 0.42 0.59 0.59 0.59 0.59 0.39 0.39 0.39 0.39
Leucine 0.71 1.50 1.50 1.50 1.50 1.21 1.21 1.21 1.21
Valine 0.52 0.68 0.68 0.68 0.68 047 0.47 0.47 047
Methionine + Cystine 0.44 0.47 0.47 047 0.47 047 0.47 0.47 047
Phenylalanine+Tyrosine 0.70 1.26 1.26 1.26 1.26 0.86 0.86 0.86 0.86
Determined analysis, %
Gross energy Mcal kg™ 4.185 4.122 4.273 4.190 4.187 4.247 4.151 4214
Crude protein 14.18 14.47 14.42 14.38 9.04 9.71 9.46 9.0l
Calcium 0.67 0.53 0.04 0.58 0.53 0.55 0.61 0.59
Total phosphorus 0.47 0.45 0.46 0.49 0.46 0.47 0.47 0.45
Cost of diet ($/ke)” 0.21 0.21 0.211 0.211 0.212 0.213 0.213 0.214

'Control diet, T Provided per kg of diet (as fed basis): vit. A, 120,000 IU; vit. D5, 2,000 IU; vit. E, 30 IU; vit K, 2.0 mg; thiamin, 1.8 mg; riboflavin,
5.0 mg; niacin, 40.0 mg; B;, 2.0 mg; By,, 0.03 mg; biotin, 0.1 mg; cheline, 450 mg; pantothenic acid, 16.0 mg; folacin, 1.0 mg, "Provided per kg of diet
(as fed basis): Fe, 150 mg; Zn, 150 mg; Mn, 150 mg; Cu, 10 mg; Se, 0.15 mg; I, 0.9 mg; Cr, 0.2 mg, ‘Nutrients requirement for finishing pigs, NRC™.
?Cost of diets calculated with the price of ingredients at january-february, 2006. Conversion to USD at the rate exchange (11.00 mexican pesos by 1 USD)

of october 10, 2006
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Experiment 2: This experiment was conducted in the
same Experimental Unit as experiment 1. Thirty two
pigs crossbred (YorkshiwrexDurocxPietram) fimishing
(56.77+5.38 kg imtial weight) barrows were randomly
alloted into single (1.2x1.5 m) concrete floor pens
equipped with a feeder and a niple waterer, in a completely
randomized design in a factorial 2x4 arrangement
(two CP% levels: 14 and 9.5%; four protease levels: 0.00,
0.25,0.50 and 0.75 kg t™"). There were eight treatments (T)
with four replicates each. The dietary treatments Table 2
were formulated with sorghum-soybean meal and
were as follows: T1) 14.0 and 0.00, control; T2) 14.0
and 0.25; T3) 14.0and 0.50;, T4) 14.0and 0.75;, T5) 9.5 and
0.00; T6) 9.5 and 0.25; T7) 9.5 and 0.50; and T8) 9.5 and
0.75, respectively. The diets were 1soenergetic (3.265 Mcal
ME kg™') and the low-protein diets were supplemented
with crystalline L-lysinesHCI, T.-threonine, DL.-methionine
and L-tryptophan to equal the level of these amino
acids in the control (T1) diet. The data were obtained
and analysed as in experiment 1, except that the imtial
weight was used as a covariate for the statistical
analysis of all variables.

RESULTS

Experiment 1: There was no effect of CP level (p=0.05)
nor enzyme addition (p>0.05) on ADG, ADFI, FGR, FFLG,
BT, LMA and LMP Table 3. The plasma urea nitrogen
concentration was reduced (p<0.01) in 62.12% as CP was
reduced in the diet from 16 to 11.5%. The dietary level of
protease did not affect PUN concentration (p=0.05).
However, the interaction between the main factors
analysed tended to have a significant effect on FFL.G
(p<0.08) and PUN (p<0.09). The fixed effects test
mdicated that time (week) had a sigmficant effect on ADG,
ADFI (p=0.01) and FGR (p=0.02).

Experiment 2: There was no effect of interaction between
CP level and enzyme supplementation (p=0.05) on ADG,
ADFI, FGR, FFLG, BT, LMA and LMP. The reduction of
CPreduced ADG (p=0.01) by 10.1% and FFLG (p<0.04) by
94.27 g and increased FGR (p<0.06) by 6%. In addition,
PUN concentration was reduced by 66.04% 1n pigs fed
low-protein diet. The enzyme supplementation tended to
increase PUN concentration (p<0.08) as more enzyme was

Table 3:  Growth performance, carcass characteristics and plasma urea nitrogen concentration of growing pigs fed two crude protein levels and four protease

levels (experiment 1)*

Variable
Treatment CP Protease  ADGWg d™!) ADFIWkg &'y FGRT FFLG*gd™") BT*cm) LMA*(cm?) LM%" UREA* (mg dL™1)
1 16.0 Q.00 821 1.95 249 202 0.57 16.14 3929 2235
2 16.0 0.25 818 1.93 241 201 0.55 15.34 3884 1417
3 16.0 Q.50 764 1.88 2.55 274 0.57 14.82 38.72 2037
4 16.0 0.75 692 1.68 2.96 230 0.57 13.88 3841 12.91*
5 11.5 0.00 682 1.81 2.90 234 0.55 14.81 3946 5,740
6 11.5 0.25 717 1.95 2.79 243 0.62 15.06 38.77 8500
7 11.5 Q.50 714 1.88 2.88 247 0.52 14.94 39.32 5.95
8 11.5 0.75 778 2.03 2.64 274 0.57 14.67 38.30 6.26°
SEM 0.049 0.152 0.229 10.121 0.026 0.771 0.320 1.239
Main Effects
CP 16.0 774 1.86 2.60 272 0.57 15.05 38.82 17.451*
11.5 723 1.92 2.80 250 0.57 14.87 38.96 6.614°
Protease Q.00 751 1.88 2.70 263 0.56 15.47 39.38 14.05
0.25 767 1.94 2.60 267 0.59 15.20 39.02 11.33
Q.50 739 1.88 272 260 0.55 14.88 38.81 13.16
0.75 735 1.85 2.80 252 0.57 14.28 38.36 9.59
Week
1 637° 1.74° 2,75
2 823* 1.86° 229
3 628° 1.83° 332
4 a4+ 2,12 242
Source of variation Pr = F values
CP 016 0.59 0.23 014 1.00 0.87 0.75 0.01
Protease 0.91 0.95 0.86 0.89 0.90 0.88 046 0.31
CPxProtease 0.14 0.45 035 0.08 0.67 0.92 0.94 0.09
Week 0.01 0.01 0.02
Fixed effects test
Variable Source DFN DFD F type I Pr=F
ADFI Week 3 45.5 15.61 0.01
FGR Week 3 55.0 775 0.02
ADG Week 3 50.7 16.04 0.01

=®Different superscripts in the same column means significant difference (p<0.05),*CP = crude protein, SEM = standard error of the mean, ADG = average
daity gain, ADFI = average daily feed intake, FGR = feed:gain ratio, FFL.G = fat free lean gain, BT = backfat thickness, LMA = longissimus muscle area,
LM% = lean meat percentage; UREA = plasma urea nitrogen concentration, DFN = degree of freedom numerator, DFD= degree of freedom denominator,
Mariables analyised with PROC MIXED of SAS, *Variables analy sed with PROC GLM of SAS
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Table4: Growth performance, carcass characteristics and plasma urea nitrogen concentration of finishing pigs fed two crude protein levels and four protease

level {experiment 2)*

Variable
Treatment. CP Protease  ADG (gd™') ADFI(kgd™)) FGR FFLG (gd™)) BT (cm) LMA (cm?) LM% UREA (mg dL™)
1 14.0 0.00 900 23 3.24 357 1.13 33.16 38.70 18.63
2 14.0 0.25 810 2.69 348 313 1.15 30,41 38.14 18.71*
3 14.0 0.50 896 2.98 344 343 1.13 32.86 38.60 24.86*
4 14.0 0.75 918 2.75 3.25 350 1.25 31.80 37.78 20.84°
5 Qs 0.00 834 2.80 349 311 1.32 33.61 38.73 547
6 Qs 0.25 781 2.69 3.53 301 1.30 32.26 38.40 6.94°
7 Qs 0.50 766 2.64 3.57 271 1.23 30.16 38.02 7.2
8 Q5 0.75 789 2.78 3.61 202 1.18 30.64 38.17 850
SEM 0.043 0.120 0.136 10.468 0.048 0.791 0.274 0455
Main effects
CP 14.0 881°* 2.81 3.35 M1* 1.16 32.06 38.30 20.76
Q.5 7920 2.72 3.55 2040 1.20 31.67 38.33 7.058
Protease Q.00 867 2.82 3.36 334 1.23 33.38 38.72 12.05*
0.25 79 2.69 3.51 307 1.22 31.34 38.27 12.83°
Q.50 831 2.81 3.51 307 1.18 31.51 38.31 16.08*
0.75 854 2.76 343 321 1.22 31.22 37.98 14.67
Week
1 802° 2.86" 3.5
2 981* 2.91° 3.03°
3 835° 2.88 3.63
4 882* 2,717 315
5 785° 2,74 3.61°
6 736° 2.52 3.7CP
Sources of variation Pr = F values
Tw = 0.04 0.06 Q.90 0.11 0.21 0.02 0.76 023
CP 0.01 0.31 0.06 0.04 0.17 0.73 0.95 0.01
Protease 0.39 0.69 0.66 0.52 0.97 049 0.61 0.08
CPxProtease 0.58 0.39 0.68 0.53 0.52 0.52 0.82 0.02
Week 0.05 0.07 0.03
Fixed effects test
Variable Source DFN DFD F type I Pr=F
ADFI Week 5 69.6 347 0.07
ADFI w 1 36.3 14.23 0.06
FGR Week 5 T4.6 3.93 0.03
ADG w 1 253 4.44 0.05
ADG CP 1 222 7.86 0.01
ADG Week 5 694 5.07 0.05

=“Different superscripts in the same celumn means significant difference (p<0.05), * CP = crude protein, SEM = standard error of the mean, ADG = average
daily gain, ADFI = average daily feed intake, FGR = feed:gain ratio, FFLG = fat free lean gain, BT = backfat thickness, LMA = longissimus muscle area,
LM% = lean meat percentage, UREA = plasma urea nitrogen concentration, SEM = standard error of the mean, IW = initial body weight, DFN = degree of
freedom numerator, DFD = degree of freedom denominator, ®The initial weight was used as a covariate for the statistical analysis of all variables

added m the diet. However, the interaction of CPxenzyme
affected PUN concentration (p<0.02), that was reduced as
CP was lower in the diet, but increased in low-protein
diets as the level of protease increased. The fixed effects
test showed that time (week) had a fixed effect on ADG
(p=0.05), ADFI (p<0.07) and FGR (p<0.03), all variables
increasing with time; also, CP had a fixed effect on ADG
(p<0.01), reducing ADG as CP was reduced m the diet. In
addition, the mitial weight had a fixed effect on ADFI
(p<0.06) and ADG (p<0.05) Table 4.

DISCUSSION
Experiment 1: The results found in this experiment

indicated that reducing CP by 4.5% units (from 16 to
11.5%) and supplementing with a protease m

sorghum-soybean meal diet, pigs fed these diets did not
improve growth performance, compared to pigs fed
control, standard diet (16% CP). These results are similar
to other research!"” where pigs were fed 3.6% less CP. In
other findings, the pig response was consistent when
they were fed com-soybean meal or sorghum-soybean
meal diets with 16 or 12% CP™, or 16 or 12.5% CP!,
respectively. On the other hand, when a diet containing
11.5% CP was fed to pigs, a sunilar growth performance
was found as the one obtanined in this experiment!™.
However, a higher reduction of CP in com-soybean meal
diet (from 17 to 11%) or sorghum-soybean meal diet (from
16.5 to 10.5%), an improvement of the growth performance
was reported for growing pigs**". These results indicated
that, in spite of the crystalline amino acid supplementation
of lysine, methionine, threonine and tryptophan, to equal
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their concentration as in control diet, this reduction of CP
may produce a deficiency of other essential AA, such as
histidine, 1soleucine and valine, with a negative impact on
growth of the pigs!'**"*,

The carcass characteristics did not change when pigs
were fed any of the dietary treatments. Similar results were
found with the same type of diets™. The values in the
backfat thickness and the LMA were similar in all pigs in
this experiment and also similar to other report where a
11% CP diet was fed to pigs; although in other case the
BT tended to mcrease™ " and the LMA was reduced '™
as CP was lowered m the diet. In this experiment, a
reduction of PUN concentration was found in pigs fed
low-protein diet, which is consistent with other reports
where similar diets were used™®'*®1_although different
with other findings!. The reduction of PUN indicated a
better efficiency of nitrogen utilization when there is not
an AA imbalance and crystalline AA are added to
diet[ZZ,ZT,ZS].

Experiment 2: The results of this experiment indicated
that pigs fed low-protein (9.5%) diets resulted in less
growth rate and lower FFLG, which 1s consistent with
other reports™®, concluding that the reduction of 4%
units implied AA or other nutrients defficiency, affecting
the nermal growth of pigs™™®. In spite of the similar feed
mtake, pigs fed low-protein diets showed lower FFLG,
which disagree with other research where the same type
of diets were used™. The reduction of CP in finishing pig
diets, a reduction of limiting AA was observed, especially
valine, histidine and 1soleucine; this reduction may affect
the growth performance of pigs, although the carcass
characteristics were not affected, in agreement with
previcus reports™™; that means that pigs fed low-protein
diets had similar backfat thickness as m pigs fed standard
CP diet. This results do not agree with others where
higher adiposity has been observed in pigs fed low-
protein diets™ . The similar LMP and LMA found in
plgs fed low-protem or standard CP diet were reported by
other researchers™*. On the other hand, the reduction of
PUN concentration confirmed the trend observed in other
research™®. When CP is reduced in the diet, there is a
higher efficiency of AA utilization by pigs™*, even when
other essential AA are defficient compared to
requirements.

CONCLUSION

The addition of exogenous protease to standard
sorghum-soybean meal, or to low-protein, sorghum-
soybean, amino acid-supplemented diets did not unprove
the growth performance and carcass characteristics of

growing-finishing pigs. There may be other factors in the
ingredients and/or in diets preventing pigs to express
their maximum genetic potential for growth.

REFERENCES

1. Bedford, M.R. and G.G. Partridge, 2001. Enzymes in
farm animal nutrition. 1th Edn. CABI Publishing.
USA. pp: 406.

2. NRC (National Research Council), 1998. Nutrient
Requirements of Swine. 10th Edn. National Academy
Press. Washington, D.C. USA. pp: 110-123.

3. Ker, B.J. and R.A. Easter, 1995. Effect of feeding
reduced protein, amino acid-supplemented diets on
nitrogen and energy balance in grower pigs. I. Anim.
Sci., 73: 3000-3008.

4. Figueroa-Velasco, JL., M. Cervantes-Ramirez,
IM. Cuca-Garcia and Y .M. Méndez-Lopez, 2004.
Respuesta de cerdos en crecimiento y finalizacion a
dietas con baja proteina y energia. Agrociencia,
38: 383-394.

5. Tuitoek, TX., L.G. Young, CF.M. de Lange and
B.I. Kerr, 1997. Body composition and protein and fat
accretion in various body components in growing
gilts fed diets with different protein levels but
estimated to contain similar levels of ideal protein. J.
Anim. Sei., 75 1584-1590.

6. Kemr, B, I.T. Yen, I.A. Nienaber and R.A. Easter,
2003. Influence of dietary protein level, amino acid
supplementation and environmental temperature on
performance, body composition, organ weights and
total heat production of growing pigs. J. Anim. Sci.,
81: 1998-2007.

7. Cervantes, RM. and Y .G. Cromwell, 1997. Adiciénde
aminoacidos, vitaminas y minerales a dietas de
sorgo-pasta de soya bajas en proteina, para cerdos
en crecimiento. Agrociencia, 31: 143-148.

8. Kerr, B, L.L. Southern, T.D. Bidner, K.G. Friesen
and R.A Easter, 2003. Influence of dietary protein
level, ammo acid supplementation and dietary energy
levels on growing-fimishing pig performance and
carcass composition. I. Amm. Sci., 81: 3075-3087.

9. Caygill, I.C. and I. Mueller-Harvey, 1999. Secondary
plant products. Antinutritional and beneficial actions
i ammal feeding. 1th Edn. Nottngham. Umversity
Press. pp:129.

10. Lindemann, M.D., IL. Gentry, H.J. Monegue,
G.L. Crowell and K. A. Tacques, 1997. Determination
of the contribution of the enzyme combination to the
growth performance of pig. J. Anim. Sci., (Suppl. 1),
75: 184,

1207



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. Anim. Vet. Adv., 5 (12): 1202-1208, 2006

Tryjillo, C.I.E., 2005, Determinacion del nivel de
proteina en dietas sorgo-pasta de soya para cerdas
en engorda. Tesis de Maestria. Colegio de
Postgraduados. Montecillo, Texcoco Estado de
Meéxico, pp: 71.

NPPC (National Pork Producers Council), 1991.
Procedures to evaluate market hogs. 3rd Edn
National Pork Producers Council. Des Momes. Iowa,
USA., pp: 16.

Charney, A.L. and E.P. Marbach, 1962. Modified
reagents for determination of urea and ammoma. Clin.
Chem., 8 130-132.

AOAC, 1990. Official Methods of Analysis. 15th Edn.
Association of Official  Analytical Chemists,
Arlington, VA.

Fick, KR., L.R. McDowell, RH. Miles, N.S. Wilkins,
ID. Funk, JH. Conrad and Y. R. Valdivia, 1979.
Métodos de analisis de minerales para tejidos de
plantas y amimales. 2da Edn. Departamento de
Ciencia Amimal, Universidad de Florida. Gainesville,
Florida, EE.U.U., pp: 601-603, 701-702.

SAS, SAS, 1999, User’s Guide: Statistics (version
8.02), SAS Inst. Inc. Cary, NC, USA.

Tuiteek, K., L.G. Young, CFM. de Lange and
B.I1. Kerr, 1997, The effect of reducing excess dietary
amino acids on growing-finishing pig performance:
An evaluation of the ideal protemn concept. J. Anim.
Sct., 75: 1575-1583.

Figueroa, ..., A.J. Lewis, P.S. Miller, R.I.. Fischer and
R.M. Diedrichsen, 2003. Growth, carcass traits and
fed
low-protein  diets supplemented with amino acid
including histidine, isoleucine and valine. J. Anim.
Sci., 81: 1529-1537.

Martinez, AM., 2005. Dietas sorgo-pasta de soya
con baja proteina y baja energia para credos en
engorda. Tesis de Maestria. Colegio de
Postgraduados. Montecillo, Texcoco, Estado de
Meéxico, pp: 60.

Kephart, K.B. and G.W. Sherritt, 1990. Performance
and nutrient balance in growing swine fed low-

plasma amino acid concentrations of gilts

protein diets supplemented with amine acids and
potassium. J. Amim. Sci., 68: 1999-2008.

21.

22

23.

24.

25.

26.

27.

28,

29.

30.

1208

Hansen, J.A., D.A. Knabe and K.G. Borgoon, 1993.
supplementation of low-protein
sorghum-soybean meal diets for 20- to 50-kilograms
swine. . Amm. Sci., 71: 442-451.

Brudevold, AB. and L.L. Southern, 1994. Low-
protein,  crystalline acid-supplemented,
sorghum-soybean meal diets for the 10 to 20 kilogram
plgs. I. Amm. Sci, 72: 638-647.

Zamora, 7.V, 2006. Respuesta productiva de credos
en engorda alimentados con dietas sorgo-pasta de
soya adicionadas con glucomananos. Tesis de
Maestria. Colegio de Postgraduados. Montecillo,
Texcoco, Estado de México, pp: 93.

Le Bellego, L., J. van Milgen and J. Noblet, 2002.
Effect of lugh temperature and low-protemn diets on
the performance of growing-fimishing pigs. J. Amim.
Sci., 80: 691-701.

Gomez, R.S., A.J. Lewis, P.S. Miller and H.Y. Chen,
2002. Growth performance, diet apparent digestibility
and plasma metabolite concentrations of barrows fed
corn-soybean meal diets or low protein, amino acid
supplemented diets at different feeding levels. J.
Amm. Sei., 80: 644-653.

Knowles, T.A., L.L. Southern, T.D. Bidner, B.J. Kerr
and K.G. Friesen, 1998. Effect of dietary fiber or fat in
low-protein, crystalline amino acid-supplemented
diets for finishing pigs. J. Amm. Sci., 76: 281 8-2832.
Zervas, S. and R.T. Zyjlstra, 2002. Effects of dietary
protein and cathull fiber on nitrogen excretion
patterns and postprandial plasma urea profiles n
grower pigs. J. Anim. Sci., 80: 3238-3246.

Otto, ER., M. Yokoyama, P.K. Ku, N.X. Ames and
N.L. Trottier, 2003. Nitrogen balance and ileal amino
digestibility in growing pigs fed diets reduced in
protein concentration. I. Anim. Sci., 81: 1743-1753.
Ward, TL. and L.L.. Southern, 1995. Sorghum aminoe
acid-supplemented diets for the 50-to 100-kilograms
plgs. I. Amm. Sci, 73: 1746-1753.

Canh, T.T., A.T.A. Aarmink, J.B. Schutte, A. Sutton,
D.I. Langhout and M. W A Verstegen, 1998. Dietary
protein affects nitrogen excretion and ammonia
emission for slurry of growing-fimshing pigs. Livest.
Prod. Sci., 56: 181-191.

Amino acid

aminoe



