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Investigation on the effects of dietary protease supplementation in broiler diets
containing full-fat soybean extruded at different temperatures
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ABSTRACT

For this expriment 1440 Ross 308 male broilers (from 1 to 42 days of age) were used in a randomized complete block
design with eight treatments in six blocks. Experimental diets included: soybean meal (control treatment), raw soybeans,
full-fat soybeans extruded (15%) at 90 and 150°C, and each of them with 0.02% or without (0.0) protease enzyme
supplementation. The use of raw soybean compared to soybean meal or extruded full-fat soybean significantly reduced feed
intake, body weight and relative carcass weight, as well as increased feed conversion ratio and pancreatic weight (P<0.01).
weight gain was improved in diets supplemented by protease enzyme compared to diets containing raw soybean (P<0.01).
Feed conversion ratio was improved in diets containing raw soybean and soy bean meal by dietary protease supplementation
(P<0.01). Extrusion temperature did not affect the growth performance of experimental birds. Diet containing raw soybean
without enzyme increased blood cholesterol levels (P <0.05). According to the findings of this study, the use of protease
enzyme in diets containing soybean meal or raw soybean can improve the performance of broilers However, such effect is
less pronounced in diets containing extruded full-fat soybean meal.
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Table 1. Quality control indices of SBM (soybean meal), RFFS: Raw Full Fat Soybean; FFS 90 and 150: Wet-
Extruded Full Fat Soybean at 90 and 150 °C, respectively

Item Values
SBM RFFS FFS90°C FFS150°C
Urease activity (ApH) 0.009 0.43 0.30 0.21
Protein dispersibility index (PDI, %) 13.0 55.7 19.3 18.0
KOH protein solubility index (PSI, %) 76.2 88.4 84.6 79.5
Trypsin inhibitor activity (TIA, mg/g) 1.7 15.9 11.9 9.0
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Table 2. Ingredients and calculated nutrients composition of experimental diets

Starter (1-10 d)

Grower (11-24 d)

Finisher (25-42 d)

ftem Control FFS' Control FFS' Control FFS'
Ingredients (%)
Corn 51.86 50.28 55.16 55.61 60.14 58.59
Soybean meal 40.95 29.77 37.32 26.13 32.11 20.93
Full-fat soybean (FFS) 0.00 15.00 0.00 15.00 0.00 15.00
Soybean oil 2.62 0.44 347 1.28 4.01 1.83
Monocalcium phosphate 1.60 1.59 1.43 1.41 1.29 1.27
Calcium carbonate 141 1.39 1.28 1.26 1.17 1.15
Sodium chloride 0.26 0.26 0.25 0.25 0.25 0.25
Sodium bicarbonate 0.21 0.19 0.19 0.15 0.19 0.15
DL-Methionine 0.36 0.37 0.31 0.31 0.27 0.28
L-Lysine HC1 0.21 0.21 0.15 0.14 0.14 0.14
L-Threonine 0.14 0.14 0.10 0.10 0.08 0.08
Vitamin premix’ 0.125 0.125 0.125 0.125 0.125 0.125
Mineral premix’ 0.125 0.125 0.125 0.125 0.125 0.125
Choline HCI 0.07 0.07 0.06 0.06 0.06 0.06
Salinomycin 0.05 0.05 0.05 0.05 0.05 0.05
Nutrients, calculated
AMEn (kcal/kg) 3000 3000 3100 3100 3200 3200
CP (%) 23.0 23.0 21.5 21.5 19.5 19.5
Met, digestible (%) 0.66 0.66 0.60 0.60 0.56 0.56
Met + Cys, digestible (%) 0.95 0.95 0.87 0.87 0.80 0.80
Lys, digestible (%) 1.28 1.28 1.15 1.15 1.03 1.03
Thr, digestible (%) 0.86 0.86 0.77 0.77 0.69 0.69
Ca (%) 0.96 0.96 0.87 0.87 0.79 0.79
Nonphytate P (%) 0.48 0.48 0.44 0.44 0.395 0.395
Na (%) 0.17 0.17 0.16 0.16 0.16 0.16
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1. Full-Fat Soybean, included: raw soybeans seed, full-fat soybeans extruded at 90 and 150 °C
2. Provided per kilogram of diet: vitamin A, 10,000 IU; vitamin D3, 5,000 IU; vitamin E, 50 IU; vitamin K3, 3 mg; vitamin B1, 2mg; vitamin B2, 8
mg; vitamin B6, 3 mg; vitamin B12, 0.015 mg; biotin, 0.12mg; folic acid, 2 mg; nicotinic acid, 50 mg; pantothenic acid, 12 mg; Mn, 100 mg; Zn, 100

mg; Fe, 40mg; Cu, 15 mg; Se, 0.35 mg; and I, 1 mg.
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Table 3. Performance response of broilers to dietary protease enzyme supplementation and full-fat soybeans extruded
at different temperatures

Treatment eroups' Feed consumption (g/bird) Wight gain (g/bird) Feed to gain ratio (g:g)

Eroups 1-10d 1124d  2542d 142d 1-10d 1124d  2542d 142d 1-10d 1124d  2542d 142d
SBM 246.7 1114.3%  32882"  4640.2° 186.6° 819.3° 1841.0°  2854.2% 1.33¢ 1.36° 1.79° 1.63
SBMHHPrts 245.8" 1139.6°  3107.8°  4511.4% 185.7° 844.7° 1850.0° 2888.4° 1.32¢ 1.35¢ 1.68° 1.56°
RFFS 230.8° 963.1° 2599.9  3793.8¢ 139.0¢ 624.4° 1385.8¢  2149.2¢ 1.66" 1.55 1.88° 177
RFFS+Prts 224.9° 934.4° 26613 3820.6° 150.6° 635.0° 1506.9¢ 2292.6° 1.49° 147 177 L67°
FFS,90 2345%  1101.1°  2964.5°  4322.9° 185.5° 823.8° 1753.5° 2783.2° 1.27% 1.34° 1.69¢ 1.55¢
FFS,90+Prts 229.6° 1090.4°  3069.2  4398.7* 185.4° 828.1° 1799.8%¢  2818.3* 1.25¢ 1.32¢ 171 1.56°
FFS,150°C 241.5% 1101.8° 29815 43853 184.0° 830.2° 17634  2810.7% 1.31° 1.33¢ 1.69¢ 1.56°
FFS,150°C+Prts 230.4% 1090.4°  3038.7  4396.0" 181.1° 819.5° 1824.4%  2861.8" 127 1.33¢ 1.66° 1.54°
SEM 3.94 12,93 48.58 46.43 3.24 12.59 2645 31.60 0.0215 0.0154 0.0269 0.0191
P-Value 0.004 <0.0001  <0.0001  <0.0001 <0.0001  <0.0001  <0.0001  <0.0001 <0.0001  <0.0001  <0.0001  <0.0001
Contrast (P-Value)
NoPrts vs. Prts 0.053 0.439 0.758 0.907 0.412 0.359 0.003 0.003 0.001 0.036 0.002 0.001
SBM vs. RFFS 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SBM vs. FFS 0.003 0.005 0.0001  <0.0001 0.501 0.514 0.014 0.045 0.018 0.057 0.038 0.014
RFFS vs. SBM&FFS 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
RFFS vs. FFS 0.060 <0.0001  <0.0001  <0.0001 <0.0001  <0.0001  <0.0001  <0.0001 <0.0001  <0.0001  <0.0001  <0.0001
FFS90 vs. FFS150 0.316 0.975 0.892 0.530 0.355 0.921 0.524 0.239 0.058 0.912 0.327 0.662

Means within a column lacking a common superscript letter differ significantly (P < 0.05).

A(P<e [+ 0) Wyls s pme DS gt 38 Hlaes e By > L sl i Sile
Sl 555 Prts «ogemades 4253 10 54+ slales ;3 oad 05T Cy2 2 (sbgas FFS 90and 150 pls 2 5 (5Lses RFFS Lgas alxiS SBM .\

1. SBM: Soybean Meal; RFFS: Raw Full Fat Soybean; FFS 90 and 150: Wet-Extruded Full Fat Soybean, processed at around 90 and 150 °C, respectively; Prts: protease ProAct.
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Table 5. Influence of protease enzyme and extruded full-fat soybean, processed at different temperatures on broilers
carcass characteristics at day 42 of age

Treatment erouns’ Carcass and its cuts relative weight (% of live body weight) Duodenum length (cm)
sroup Carcass Breast Thigh Wing Proventriculus Gizzard Duodenum Jejunum & lleum Relative bW Length (cm)

SBM 75.39° 2816  21.63 7.32 0.352 2.10 0.513° 2.66™
SBM+Prts 75.85° 2833 2168 7.64 0.341 2.18 0.539° 246 1.082¢ 33.50
RFFS 73.53° 2662°  21.03 7.77 0.394 248 0.623° 2.82° 1.081° 3293
RFFS+Prts 74.11° 2729 2145 7.38 0.558 2.32 0.614° 2.81° 1.296 3435
FFS,90 75.60° 2799 2178 7.49 0417 2.18 0.520° 246 1.217% 3435
FFS,90+Prts 7537° 2783 2168 7.49 0.348 2.18 0.534° 2.71% 1.079° 33.42
FFS,150°C 7543 27.69% 2185 7.53 0.518 221 0.565° 2450 1.123% 34.50
FFS,150°C+Prts 75.80° 2886 2125 731 0.353 2.26 0.535° 244° 1.068° 34.84
SEM 0.302 0417 0276 0.150 0.721 0.064 0.022 0.109 1.085° 3432
P-Value <0.0001 0.016 0406 0351 0415 0213 0.002 0.030 0.042 0.820
Contrast (P-Value)® <0.0001 0.739

NoPrts vs. Prts 0.170 0.122 0776 0.489 0311 0.384 0.975 0917
SBM vs. RFFS <0.001 0.003 0.138  0.527 0.860 0.008 <0.001 0.025 0.860 0.998
SBM vs. FFS 0.784 0.682 0960 0876 0.378 0.217 0.532 0.633 <0.001 0.174
RFFS vs. SBM & FFS <0.001 0.001 0072 0370 0.678 0.015 <0.001 0.002 0.827 0.147
RFFS vs. FFS <0.0001 0.002 0092 0369 0.488 0.056 <0.0001 0.002 <0.001 0.518
FFS90 vs. FFS150 0.670 0.385 0.525  0.642 0.186 0.390 0.304 0.213 <0.0001 0.908

(P<e]+0) &)ls Hlo gre OS] g 12 10 laod e B9y b sl Sile

STy 3 g, Prts ogendis 4> 3 V0 540 glales ;0 0uls 59T 2 5y (SLgaw FFS 90 and 150 «pls )2 5 (sbgs RFFS lygus alliS :SBM )
Means within a column lacking a common superscript letter differ significantly (P < 0.05).

1. SBM: Soybean Meal; RFFS: Raw Full Fat Soybean; FFS 90 and 150: Wet-Extruded Full Fat Soybean, processed at around 90 and 150 °C, respectively; Prts: protease ProAct.
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Continued table 5. Influence of protease enzyme and extruded full-fat soybean, processed at different temperatures on
broilers carcass characteristics at day 42 of age

Carcass and its cuts relative weight (% of live body weight) Duodenum Length (cm)

Treatment groups'

Liver Pancreas  Spleen  Heart Bursa  Abdominal Fat Relative BW Length (cm)
SBM 2.03° 0.183¢ 0.101 0.440  0.034 1.30 1.082° 33.50
SBM+Prts 2.09¢ 0.191° 0.091 0.439  0.029 1.27 1.081° 32.93
RFFS 2.34° 0.324* 0.107 0.442  0.034 1.34 1.296* 34.35
RFFS+Prts 227" 0.311° 0.095 0.442  0.038 1.32 1217 34.35
FFS,90 2.09° 0.205™ 0.102 0.424  0.037 1.16 1.079° 33.42
FFS,90+Prts 2.02° 0.222° 0.080 0.427  0.033 1.22 1.123% 34.50
FFS,150°C 2.16" 0.224° 0.100 0.442  0.039 1.29 1.068° 34.84
FFS,150°C+Prts 2.06° 0.227° 0.104 0472 0.032 1.34 1.085° 34.32
SEM 0.057 0.010 0.009 0.017  0.003 0.066 0.042 0.820
P-Value 0.001 <0.0001 0.399 0.659  0.541 0.492 <0.0001 0.739
Contrast (P-Value) >
NoPrts vs. Prts 0.252 0.616 0.108 0.502  0.195 0.718 0.860 0.998
SBM vs. RFFS <0.001 <0.001 0.546 0.888  0.233 0.488 <0.001 0.174
SBM vs. FFS 0.663 0.001 0.926 0.906  0.253 0.604 0.827 0.147
RFFS vs. SBM&FFS <0.001 <0.001 0.493 0.927  0.506 0.210 <0.001 0.518
RFES vs. FFS <0.0001  <0.0001 0.536 0.963  0.810 0.171 <0.0001 0.908
FFS90 vs. FFS150 0.298 0.246 0.188 0.065  0.957 0.058 0.521 0.443

(P<]+0) wls jlo gine BB 5w 12 10 lued e B9y b sl Sils
STy 50 g PrS  gmanis 4250 10+ 5 Ar glales ;5 00ds 39 7uST sz 1 (Slises FFS 90 and 150 ol > 53 (sbiges RFFS ol gs aloxiS SBM )

Means within a column lacking a common superscript letter differ significantly (P < 0.05).
1. SBM: Soybean Meal; RFFS: Raw Full Fat Soybean; FFS 90 and 150: Wet-Extruded Full Fat Soybean, processed at around 90 and 150 °C, respectively; Prts: protease ProAct.
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Table 4. Effects of protease enzyme and extruded full-fat soybean, processed at different temperatures on blood

biochemical parameters of broiler chickens at day 22 of age

Blood biochemical analysis, 22 d

Treatment groups' Glucose  Triglyceride  Cholesterol HDL LDL Protein, total ~ Albumin  Uric acid
(mg/dL) (mg/dL) (mg/dL) (mg/dL)  (mg/dL) (g/dL) (g/dL) (mg/dL)

ANOVA

SBM 176.8 ¢ 134.5 191.7 % 61.84° 1252 3.017 1.075 6.850
SBM+Prts 198.2 129.8 193.00 < 5520 1273 2.950 1.200 6.333
RFFS 180.8 * 1342 218.9% 62.88° 141.8 2917 1.200 5.750
RFFS+Prts 192.0%¢ 139.8 188.6<¢ 50.84° 126.0 2.933 1.133 5.567
FFS,90 200.8* 142.4 214.3 @ 49.84° 140.4 3.067 1.267 6.433
FFS,90+Prts 197.7 ® 133.0 2189 52.28° 148.1 2.900 1.167 6.217
FFS,150°C 205.4° 131.0 176.2 ¢ 50.17° 114.0 2.850 1.167 6.433
FFS,150°C+Prts 197.8%® 133.7 188.0¢ 51.30° 1252 2.860 1.140 5917
SEM 6.28 2.84 9.30 277 8.18 0.100 0.044 0.320
P-Value 0.040 0.083 0.008 0.006 0.078 0.770 0.179 0.135
Contrast (P-Value) >

NoPrts vs. Prts 0.228 0.474 0.614 0.059 0.804 0.459 0.585 0.122
SBM vs. RFFS 0.862 0.107 0.154 0.550 0.294 0.550 0.522 0.006
SBM vs. FFS 0.025 0.247 0.331 0.003 0.368 0.451 0.247 0.225
REFS vs. SBM&FFS 0.069 0.237 0.305 0.136 0.530 0.845 0.942 0.011
RFFS vs. FFS 0.016 0.450 0.534 0.017 0.763 0.944 0.617 0.040
FFS90 vs. FFS150 0.708 0.065 0.001 0.904 0.004 0.203 0.147 0.642

(P<e [+ 0) &yls s e DS gt 38 Hlaed e By > L sl i Sile
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Means within a column lacking a common superscript letter differ significantly (P < 0.05).
1. SBM: Soybean Meal; RFFS: Raw Full Fat Soybean; FFS 90 and 150: Wet-Extruded Full Fat Soybean, processed at around 90 and 150 °C, respectively; Prts: protease ProAct.
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