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ABSTRACT: This research aimed to evaluate enzyme supplementation in diets with different
nutritional levels for pigs in their feces excretion and anaerobic digestion. Fifty four gilts were
placed on diets formulated to achieve 100 or 95 or 90 % of a pig's nutrient requirements,
with the addition of an enzyme complex containing amylase, p-glucanase, cellulase, pectinase,
xylanase, protease and phytase (diets 100E, 95E and 90E) or without the enzymes (diets 100,
95 and 90). The trial was divided into three periods (1, 1-2 and 1-3) based on the animal weight.
The enzyme complex reduced (p < 0.05) excretions per period and per unit of weight gain
(residue coefficients) of organic matter (OM) in Period 1, of N, Ca, Zn and Na in Period 1-2,
and of Na excretions and residue coefficients in Period 1-3. Animals fed diet 95E had lower
excretions (p < 0.05) of dry (DM), organic and mineral matters, N, Ca, Fe, Mn and Cu, and lower
residue coefficients (p < 0.05) of DM, OM, P, Fe, Mn and Cu compared with the animals fed diet
95, in Period 1-3. Numerically, the enzyme complex improved biogas and methane production
potentials in anaerobic digestion of the feces. The use of an enzyme complex in a diet formulated
to provide 95 % of the gilts' nutrient requirements reduced fecal excretion and positively affected
the anaerobic digestion of feces. These data show that pig nutrition and feeding are important
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Introduction

In intensive pig production, the use of techniques
to minimize manure production and to recycle this
manure is essential to limiting environmental damage.
In this context, animal feeding is important because it
is directly involved in the production of feces and urine,
the main components of manure, and therefore in its
treatment process.

Excretion by pigs, as in any other animal,
corresponds mainly to the consumed feed fractions
which were not digested, absorbed or retained by the
animals. Thus, the production of manure and its physico-
chemical characteristics are related to swine nutrition
and feeding. Nutritional strategies that improve nutrient
and energy use by animals can reduce their organic and
mineral matter excretion per unit of feed consumed
(Aarnink and Verstegen, 2007; Dourmad and Jondreville,
2007; Ferket et al., 2002).

In addition, the manure composition influences
the processes involved in anaerobic digestion, which is
a way to treat and recycle the manure that is based on
the microbial degradation of the slurry under controlled
conditions. Recent studies have demonstrated that there
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tools for reducing the potential environmental impact of pig production.
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is a direct relationship between manure quality and the
anaerobic digestion process (Miranda et al., 2012; Orrico
et al., 2007; Orrico et al., 2010).

An interesting nutritional strategy that can
improve diet digestibility and, as a consequence, reduce
the potential environmental impact of pig production,
is the addition of exogenous enzymes to the animals'
diets. This technique aims to complement the synthesis
of endogenous enzymes by the animals or to provide
enzymes that are not produced by swine, and thereby
improve feed utilization (Adeola and Cowieson, 2001).

The aim of the present research was to evaluate the
effect of adding dietary enzymes to diets with different
nutrient levels for gilts. This effect was evaluated by
examining the composition (i.e., dry matter, organic and
mineral matter, nitrogen and macro and micro minerals)
and excretion of feces by gilts, and by determining how
animal excretion was related to weight gain and the
anaerobic digestion of feces.

Materials and Methods

The animal procedures followed the guidelines
established by the Brazilian Council of Animal
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Experimentation and were reviewed and approved by
the "Sdo Paulo State University” Committee of Ethics
and Animal Welfare. The trials were conducted in
Jaboticabal, SP, Brazil (21°15'16" S; 48°19'19" W, altitude
607 m). Fifty-four crossbred gilts (aged 50 days old and
with 19.9 + 1.7 kg of body weight) of a commercial line
were housed individually in 2.55 m? pens equipped with
nipple drinkers and semi-automated feeders.

The animals were assigned to one of six
experimental diets (Table 1) based on corn, soybean
meal and wheat middlings and prepared with or without
an enzyme complex and with different nutrient levels.
The enzyme complex, which was obtained from the
fermentation of Aspergillus niger, contained amylase
(30 FAU g}, B-glucanase (200 BGU g-1), cellulase (40

CMCU g™!), pectinase (4000 AJDU g-!), xylanase (100
XU g1, protease (700 HUT g-') and phytase (300 FTU
g¢!) and was added to the diets to replace part of the
inert component. The diets were formulated to achieve
100, 95 or 90 % of the animals' nutrient requirements
in terms of metabolizable energy, digestible lysine,
methionine and cystine, threonine and tryptophan,
calcium and available phosphorus, with the addition
of the enzyme complex (diets 100E, 95E and 90E,
respectively) or without the enzyme complex (diets 100,
95 and 90, respectively). The analyzed contents of dry,
mineral and organic matters, nitrogen and minerals of
the diets are presented in Table 2.

The trial was divided into three phases according
to the weight of the animals. Phase 1 was initiated when

Table 1 - Ingredients and calculated chemical composition of pigs’ diets in Phases 1 (19.90 + 1.67 to 31.13 + 2.95 kg of body weight - BW),
2(31.13 £ 2.95t0 70.34 + 6.36 kg of BW) and 3 (70.34 + 6.36 to 96.49 + 8.98 kg of BW).

Phase 1 Phase 2 Phase 3

100 95 90 100 95 90 100 95 90

100E 95E 90E 100E 95E 90E 100E 95E 90E
Ingredients (%)
Corn 54.00 55.49 55.52 52.58 55.11 54.63 53.95 55.49 55.12
Soybean meal 20.68 21.45 21.48 18.57 18.57 18.33 15.05 15.84 15.65
Wheat middling 15.50 16.84 16.82 19.45 20.45 21.44 22.00 23.20 23.99
Soybean oil 5.11 1.94 - 5.13 1.91 - 5.07 1.93 -
Dicalcium phosphate 1.90 1.71 1.57 1.49 1.31 1.22 1.26 1.07 0.98
Limestone 0.64 0.65 0.63 0.77 0.78 0.76 0.81 0.84 0.79
Salt 0.45 0.44 0.44 0.41 0.41 0.41 0.36 0.36 0.36
Inert* 0.52 0.52 2.75 0.52 0.56 2.50 0.52 0.52 2.50
Mineral supplement 0.05! 0.05! 0.05! 0.053 0.053 0.053 0.045 0.04° 0.045
Vitamin supplement 0.10? 0.10? 0.10? 0.08* 0.08* 0.08* 0.06° 0.06° 0.06°
L - Lysine HCI, 78 % 0.59 0.47 0.41 0.51 0.43 0.37 0.47 0.37 0.32
L - Threonine, 98 % 0.22 0.17 0.12 0.20 0.16 0.12 0.20 0.14 0.11
DL - Methionine, 99 % 0.16 0.11 0.08 0.16 0.12 0.09 0.14 0.09 0.06
L — Tryptophan, 98.5 % 0.03 0.01 - 0.03 0.01 - 0.03 0.01 -
Choline chloride, 60 % 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02
Antioxidant 0.02 0.02 0.02 0.02 - 0.02 0.02
Calculated nutrient levels (% as fed)
Crude protein 17.03 17.53 17.42 16.49 16.71 16.60 15.37 15.90 15.77
Digestible lysine 1.15 1.09 1.04 1.05 1.00 0.95 0.95 0.90 0.86
Digestible threonine 0.72 0.69 0.65 0.68 0.65 0.61 0.64 0.60 0.57
Digestible methionine + cystine 0.64 0.61 0.58 0.63 0.60 0.57 0.59 0.56 0.53
Digestible tryptophan 0.20 0.19 0.18 0.19 0.18 0.17 0.18 0.17 0.16
Calcium 0.80 0.76 0.72 0.75 0.71 0.68 0.70 0.67 0.63
Available phosphorus 0.40 0.38 0.36 0.35 0.33 0.32 0.32 0.30 0.29
Total carbohydrates 57.8 60.0 60.1 58.5 61.0 61.2 59.9 62.1 62.3
Norfibrous carbohydrates 42.3 43.7 437 41.9 43.7 436 426 44.0 439
Neutral detergent fiber 155 16.3 16.3 16.6 173 17.6 17.3 18.1 18.4
Metabolizable energy (kcal kg-!) 3300 3135 2970 3280 3116 2952 3270 3106 2943

100 = 100 % of nutrient requirements; 100E = 100 % of nutrient requirements + Enzyme complex; 95 = 95 % of nutrient requirements; 95E = 95 % of nutrient
requirements + Enzyme complex; 90 = 90 % of nutrient requirements; 90E = 90 % of nutrient requirements + Enzyme complex; 'Provided per kg of diet = Fe - 50
mg, Cu-15mg, Zn-80 mg, Mn - 35 mg, | - 0.95 mg; 2Provided per kg of diet = Vit. A- 8000 UI, Vit. D3 - 2000 UI, Vit. E - 10 mg, Vit. K3 - 0.5 mg, Vit. B1 - 1.5 mg,
Vit. B2 - 5 mg, Vit. B6 - 2 mg, Vit. B12 - 20 mcg, Niacin - 25 mg, Calcium pantothenate - 12 mg, Folic acid - 0.8 mg, Biotin - 0.05 mg, Se - 0.28 mg; 3Provided per
kg of diet = Fe - 50 mg, Cu - 15 mg, Zn - 80 mg, Mn - 35 mg, | - 0.95 mg; “Provided per kg of diet = Vit. A- 6400 Ul, Vit. D3 - 1600 Ul Vit. E - 8 mg, Vit. K3 - 0.4
mg, Vit. B1 - 1.2 mg, Vit. B2 - 4 mg, Vit. B6 - 1.6 mg, Vit. B12 - 16 mcg, Niacin - 20 mg, Calcium pantothenate - 9.6 mg, Folic acid - 0.64 mg, Biotin - 0.04 mg, Se
- 0.22 mg; 5Provided per kg of diet = Iron - 40 mg, Cu - 12 mg, Zn - 64 mg, Mn - 28 mg, | - 0,76 mg; ®Provided per kg of diet = Vit. A - 4800 U, Vit. D3 - 1200 U,
Vit. E - 6 mg, Vit. K3 - 0.3 mg, Vit. B1 - 0.9 mg, Vit. B2 - 3 mg, Vit. B6 - 1.2 mg, Vit. B12 - 12 mcg, Niacin - 15 mg, Calcium pantothenate - 7.2 mg, Folic acid - 0.48
mg, Biotin - 0.03 mg, Se - 0.17 mg; *Kaolin or kaolin + enzyme complex (200 g t-).
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the animals weighed 19.9 + 1.7 kg and ended when they
reached 31.1 + 3.0 kg (50 to 66 days of age); Phase 2 was
initiated when the animals weighed 31.1 + 3.0 kg and
ended when they reached 70.3 + 6.4 kg (67 to 107 days of
age); and Phase 3 was initiated when the animals weighed
70.3 + 6.4 kg and ended when they reached 96.5 + 9.0 kg
(108 to 136 days of age). During the entire experiment, the
animals had free access to the diets and water.

Table 2 — Analyzed chemical composition of pigs’ diets in Phases 1
(19.90 + 1.67 to 31.13 + 2.95 kg of body weight - BW), 2 (31.13
+2.9510 70.34 + 6.36 kg of BW) and 3 (70.34 + 6.36 to 96.49
+ 8.98 kg of BW). Values expressed in dry matter basis.

Nutritional levels

100 95 90
Enzyme complex + - + - +
Phase 1
Dry matter (%) 89.4 89.1 89.3 89.0 89.2 89.7
Mineral matter (%) 6.27 590 592 713 762 8.05
Organic matter (%) 93.7 941 941 929 924 919
Nitrogen (%) 313 313 337 338 332 326
Phosphorous (g kg!) 10.05 9.78 9.71 946 941 9.21
Potassium (g kg1) 3.67 378 405 380 413 390
Calcium (g kg™!) 776 800 849 7.89 843 844
Magnesium (g kg-!) 222 208 274 236 314 357
Zinc (g kg™ 0.13 014 015 0.14 0.14 o0.14
Cupper (g kg™!) 0.02 001 002 001 0.01 0.0
Sodium (g kg!) 1.73 149 158 154 158 1.50
Manganese (g kg!) 0.10 0.09 0.09 0.09 0.09 0.09
Iron (g kg™!) 040 038 035 032 042 044
Phase 2
Dry matter (%) 89.9 89.7 895 888 89.1 889
Mineral matter (%) 557 547 565 593 7.09 747
Organic matter (%) 944 945 943 941 929 925
Nitrogen (%) 316 309 318 321 335 313
Phosphorous (g kg~!) 943 912 9.32 933 9.08 9.02
Potassium (g kg!) 346 358 4.09 344 382 3.67
Calcium (g kg™!) 810 786 779 7.49 818 856
Magnesium (g kg~!) 1.97 200 192 182 435 425
Zinc (g kg™) 0.12 015 013 0.12 0.14 0.12
Cupper (g kg™!) 0.01 002 001 001 004 0.01
Sodium (g kg1) 137 140 131 124 138 1.38
Manganese (g kg™!) 0.09 0.09 0.08 0.08 0.09 0.09
Iron (g kg™1) 027 031 026 026 029 0.31
Phase 3
Dry matter (%) 899 89.0 89.3 899 899 89.9
Mineral matter (%) 590 522 594 587 767 7.66
Organic matter (%) 941 948 941 941 923 923
Nitrogen (%) 292 285 289 289 298 288
Phosphorous (g kg!) 886 869 921 882 887 8.66
Potassium (g kg!) 362 389 363 398 383 348
Calcium (g kg™!) 726 7.03 815 6.87 7.64 7.35
Magnesium (g kg™!) 194 187 231 220 341 3.27
Zinc (g kg™) 0.11 0.12 0.12 0.12 013 0.11
Cupper (g kg™!) 0.01 001 0.01 0.05 001 o0.01
Sodium (g kg) 1.04 123 132 124 1.08 1.08
Manganese (g kg!) 0.07 0.08 0.08 0.08 0.09 0.08
Iron (g kg™!) 030 031 031 029 039 0.38
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Weight gain was determined by weighing the
animals at the beginning and end of each phase. In each
phase of the experiment, fecal excretions of dry matter
(DM), mineral matter (MM), N, P, Ca, Mg, K, Na, Zn, Cu,
Fe and Mn were estimated. Using these data, excretions
were calculated for the following periods based on
animal mass: Period 1: from 19.9 + 1.7 to 31.1 + 3.0 kg
(50 to 66 days of age); Period 1-2: from 19.9 + 1.7 to 70.3
+ 6.4 kg (50 to 107 days of age); Period 1-3 (total): from
19.9 + 1.7 t0 96.5 + 9.0 kg (50 to 136 days of age).

Estimates of the excretions were performed when
the animals reached the average expected weight for
each phase by substituting part of the inert component of
the diet with acid insoluble ash (AIA) over a period of 6
days. After the first 3 days in which AIA was included in
the diets, fecal samples were collected over the following
three consecutive days and frozen.

At the end of the collection period of each phase,
animal feces were thawed, dried and ground; analyzed
for DM, MM and N; and subjected to nitro-perchloric
digestion for the determination of P by colorimetry and
the determination of Ca, Mg, Na, K, Zn, Cu, Mn and Fe
by atomic absorption spectrophotometry (AOAC, 2006).
The values of DM and MM were used for the calculation
of the organic matter contents of the samples. The AIA
determinations were performed according to van Keulen
and Young (1977).

The indigestibility factor (IF) of the diets was
calculated by dividing the AIA content in the diets by
the AIA content in the feces, which corresponded to the
portion of the diet that was not utilized by the animals
and was therefore excreted in the feces. The IF values
were used in combination with the feed consumption,
which was determined as the difference between the
quantity of feed provided and feed refused in each phase,
to determine the fecal excretion using the following
equation adapted from Marais (2000) as follows:

Fecal excretion on a DM basis (kg) = Feed consumption
on a DM basis*IF

The excretions of OM, MM, N and macro and
micro minerals through the feces were obtained using
the following equation:

Residue excretions (g) = (Fecal excretions on a DM basis
x content of fecal residues)/100,

where, fecal residues = OM, MM, N, P, Ca, Mg, K, Na,
Zn, Cu, Fe or Mn, expressed as a percentage of fecal DM.

Based on these data, the average fecal production
and the average excretions of OM, MM, N, macro and
micro minerals through the feces were calculated for
each treatment for periods 1, 1-2 and 1-3. The excretions
of DM, MM, OM, N, macro and micro mineral in pigs
feces per unit of weight gain, named "residue coefficient”
(RC), by treatment for periods 1, 1-2 and 1-3 were also
calculated as follows:
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RC = Quantity of residues excreted through feces/
amount of live weight produced,

where residue = DM, MM, OM, N or macro or micro
minerals.

The anaerobic digestion of feces was evaluated
using feces produced by the animals that were fed the
100, 100E, 95 and 95E diets. The following parameters
were evaluated: biogas and methane production and
production potential and the reduction in the contents
of total solids (TS) and volatile solids (VS) of the substrate
(feces and water).

In Phase 3, animal feces were collected from the
floor of the animal pens, taking care to collect feces not
contaminated with urine or feed waste. These feces were
analyzed for TS and VS following the APHA method
(2005) and then mixed with water to prepare substrates
to supply the biodigesters (three per treatment), as
shown in Table 3. This material remained inside the
biodigesters for 147 days. Each biodigester had the
capacity to hold 50 L of substrate.

The volume of biogas produced weekly was
determined by measuring the vertical displacement
of the gasometers that covered the biodigesters and
multiplying this result by 0.2827, which was the area of
the internal transverse section of the gasometers. After
each measurement, the biogas was liberated through the
discharge valve. The biogas volumes were corrected to 1
atm and 20 °C conditions. The methane (CH,) contents
of the biogas were also determined weekly using the
GC-2001 gas chromatography equipment, with Porapack
columns, a molecular sieve and a thermal conductivity
detector.

The biogas and methane yields were calculated
by dividing the respective volumes produced by the
quantities in the feces in natura, in the substrate, in
the TS and VS added to the biodigesters and in the VS
reduced during the anaerobic digestion process. The
values were expressed as m®of biogas or methane per
kg of feces, substrate, TS and VS added and VS reduced.

Table 3 — Composition of the substrates in the digesters prepared
with feces of finishing pigs fed diets with different nutritional levels
(100 or 95 %) with (+) or without (-) an enzyme complex.

Nutritional levels

100 95
Enzyme complex + - +
Components
Feces (kg) 5.22 5.22 5.22 5.22
Water (kg) 44,78 44,78 44.78 44.78
Determined composition
Total solids
(%) 1.37 1.32 1.08 1.27
(kg) 0.68 0.66 0.54 0.63
Volatile solids
(% of total solids) 84.57 83.28 82.90 93.18
(kg) 0.58 0.55 0.45 0.53

A completely randomized block design, based on
the animal’s initial weight, was used to evaluate residue
excretions and residue coefficients, in a 3 x 2 factorial
scheme (three nutrient levels with or without the
enzyme complex) with nine repetitions and one animal
per experimental unit. A completely randomized design
was used to analyze the fecal anaerobic digestion trial,
which consisted of four treatments arranged in a 2 x 2
factorial scheme (two nutrient levels with or without the
enzyme complex) with three replicates per treatment.

All data were submitted to an analysis of variance
using the General Linear Model from SAS (Statistical
Analysis System, v. 9.1), and means comparisons were
performed by Tukey test (5 %).

Results and Discussion

In Period 1, the animals that consumed diets 100
and 100E excreted less (p < 0.05) DM, OM, N, P, Fe, Na,
Mn and Cu, and showed lower (p < 0.05) coefficients
of these residues than the animals which consumed
the diets with 95 or 90 % of the nutrient requirements
(Tables 4 and 5). In Period 1-2, excretions of DM, OM,
MM, N, P, Ca, Mg, Na, Zn, Mn and Cu, and coefficients
of these residues, did not differ (p > 0.05) among the
animals that were fed the diets with 100 and 95 % of the
nutrient requirements. However, pigs fed these diets had
lower (p < 0.05) excretions than the pigs that consumed
diets 90 and 90E (Tables 4 and 5). In Period 1-3, the same
results were observed for Zn excretions and for Zn, Ca
and MM residue coefficients as were reported for Period
1-2 (Tables 4 and 5).

The effects of the enzyme complex on residue
excretions were positive for a number of parameters.
The addition of this product to the diets resulted in lower
(p < 0.05) excretions and residue coefficients of OM and
numerically lower excretions and residue coefficients of
N (p = 0.16 and p = 0.13, respectively) and of MM (p
= 0.06 and p = 0.08, respectively) and lower excretion
of Zn (p = 0.09) in Period 1 (Tables 4 and 5). In Period
1-2, the enzyme complex resulted in lower (p < 0.05) N,
Ca, Zn, Na excretions and numerically lower excretions
of DM (p = 0.10), MM (p = 0.17), OM (p = 0.08), P (p
= 0.14), K (p = 0.17), Mn (p = 0.06) and Fe (p = 0.07)
(Table 4). In Period 1-3, the animals that consumed the
diets with the enzyme complex had lower (p < 0.05)
excretions and residue coefficients of Na. In addition, in
Period 1-3, animals that were fed the 95E diet had lower
excretions (p < 0.05) of DM, OM, MM, N, Ca, Fe, Mn
and Cu, and lower residues coefficients (p < 0.05) of
DM, OM, P, Fe, Mn and Cu compared with the animals
that consumed the 95 diet (Tables 4 and 5).

It is worthwhile discussing the interaction
between the factors that influenced excretion and
residue coefficients in Period 1-3 (Tables 4 and 5). The
positive effect of the enzyme complex was observed
only at the 95 % nutritional level. There was no effect
of the enzyme complex at the 100 % nutritional level
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Table 4 — The effects of diets with different nutritional levels (NI) with (+) or without (-) an enzyme complex (Ec) on the excretion of dry matter
(DM), mineral matter (MM), organic matter (OM), nitrogen (N) and minerals (P, K, Ca, Mg, Zn, Cu, Na, Mn and Fe) in feces of pigs from 19.9 +

1.7 to 31.1 + 3.0 kg of body weight - BW (Period 1), to 70.3 + 6.4 kg of BW (Period 1-2), and to 96.49 + 8.98 kg of BW (Period 1-3).

NI o
Fe 100 9% 9 oVt (%) Statistical Significance

+ + + NI Ec NI x Ec
Excretions
Period 1
DM (kg) 2.63° 2.970 3.99: 4.16° 4,050 4,19 23.06 * ns ns
OM (kg) 2,200 2.80° 3.80° 3.7 3.38 4.05° 17.10 * . ns
MM (kg) 0.41¢ 0.45¢ 0.57b 0.59 0.68 0.78 20.67 * ns ns
N (g) 97.6" 1120 151¢ 164 1462 166° 29.28 * ns ns
P(g) 65.30 67.3° 1062 1020 92.9° 1050 23.52 * ns ns
Ca(g) 49,50 51.30 69.8%4 645 82.3% 121 20.49 o . *
K (g 16.3b 18,5 24.72 22.8° 17.8 17.3 18.42 * ns ns
Mg (g) 12.6¢ 13.5¢ 19.9 19.40 31.20 34.8° 20.73 * ns ns
Fe (g) 3.85 4.16° 6.07° 6.01¢ 5.53 5.52: 46.36 * ns ns
Na (g) 2.25 2.64 3.92 4.60° 4.2 3.82 28.11 * ns ns
n(g) 2.32 2.93 2.70 2.65 2.22 2.63 42.72 ns ns ns
Mn (g) 0.81° 0.87° 1.36° 1.442 1.28 1.35° 28.31 * ns ns
Cu(g) 0.26b 0.27° 0.43 0.42 0.40° 0.44 28.77 o ns ns
Period 1-2
DM (kg) 16.20 16.7° 16.5 19.00 25.6° 26.7 16.91 * ns ns
OM (kg) 13.7 14.3 14.40 16.50 21.0° 22.1¢ 14.56 * ns ns
MM (kg) 2,530 2.66 2.58 2.95 4,922 4.96° 17.85 * ns ns
N (g) 5450 582 575 7300 832 886° 16.23 s . ns
P(g) 3850 4110 419 4700 568: 594: 17.05 * ns ns
Ca(g) 3140 333 3300 398" 723 794 17.88 * * ns
K (g 106 110 104 116 112 117 16.30 ns ns ns
Mg () 83.6" 94.5b 99.0° 114 255¢ 256° 19.25 * ns ns
Fe (g) 19.3 23.40 20.9° 26.8° 34.4¢ 33.9¢ 19.37 o ns ns
Na (g) 12.3 15.9° 16.5: 21.7¢ 19.9: 22.72 21.45 * . ns
n(g) 10.40 12.9 10.8° 11.9° 13.9: 14.1 41.94 * . ns
Mn (g) 6.19 7.51° 6.61° 7.920 10.9° 10.72 17.42 * ns ns
Cu(g) 1.770 1.82 1.940 2.24p 2.94 2.90° 22.07 * ns ns
Period 1-3
DM (kg) 30.0 29.80 31.208 35.200 47 420 43.2% 12.19 o ns :
OM (kg) 25,30 25.30 26.7% 31.4% 38.4% 35.2 10.08 o ns :
MM (kg) 4,68 4,73 4,860 5.470 9.19% 8.47:% 10.96 " ns ’
N (kg) 0.970 0.970 1.01%8 1.2544 1.47% 1.34% 15.08 " ns :
P (kg) 0.73 0.72¢ 0.79 0.90° 1.09° 1.022 12.08 o ns ns
Ca (kg) 0.550% 0.610 0.6108 0.710 1.38% 1.31= 15.98 o ns i
K(g) 196 191 205 222 202 213 4.37 ns ns ns
Mg (g) 153 147¢ 171 193 4270 4200 17.80 o ns ns
Fe (g) 36.9% 41.4 38,3 49,0 59,1 542 16.11 o ns .
Na (g) 35.6° 39.50 39.9: 58.5° 43.6% 49.8% 11.75 : ' ns
In(g) 17.3 18.3 17.90 20.1° 21.8 21.4° 30.59 " ns ns
Mn (g) 10.4% 11.3% 11.0%® 13.5 17.9% 15.6® 12.72 o ns o
Cu(g) 3.060 2.900 3,048 3.78 5.08% 4.46 15.38 o ns ”

ICV = Coefficient of variation; ®<Values within a row, by Enzyme Complex, with different superscripts which differ significantly at p < 0.05; #®Values within a row, by
Nutritional Level, with different superscripts which differ significantly at p < 0.05; *p < 0.05; **p < 0.01; ns = non significant.

on OM, Ca, N or Fe, but the enzyme complex did result
in greater DM, MM, Cu and Mn excretions at the 90 %
nutritional level. First, in the diets formulated to achieve
100 % of the nutrient requirements, the improvement
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in the availability of nutrients and energy as a result of
the enzyme complex was reflected in nutrients in excess
of the animal's nutrient requirements. These excess
nutrients would have been excreted if they had not been
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Table 5 — The effects of diets with different nutritional levels (NI) with (+) or without (-) an enzyme complex (EC) on the residues coefficient (RC),
of dry matter (DM), mineral matter (MM), organic matter (OM), nitrogen (N), macro and micro mineral of pigs from 19.90 + 1.67 to 31.13 =

2.95 kg of body weight - BW (Period 1), to 70.34 + 6.36 kg of BW (Period 1-2), and to 96.49 + 8.98 kg of BW (Period 1-3).

Ec g’a\l5| 9 oV %) Statistical Significance

+ + + NI Ec NI x Ec
RC? (g kg™)
Period 1
DM 241¢ 281¢ 314 365° 4052 4012 22.68 ** ns ns
oM 204° 266° 3000 349: 3372 3642 18.08 ** * ns
MM 37.5¢ 42.6¢ 47.2° 52.2° 68.3¢ 72.5 24.54 ** ns ns
N 8.93" 10.5° 11.8 14.42 14.52 14.52 25.89 o ns ns
P 5.96° 6.36° 8.28¢ 8.89¢ 9.332 9.17¢ 20.46 ** ns ns
Ca 5.010 4,840 5.5404 5.67% 8.28# 11.2%4 26.33 ** * *
K 1.50 1.79 1.84 2.02 1.85 1.43 24.43 ns ns ns
Mg 1.18% 1.27% 1.56% 1.72% 3.43* 2.98#® 18.82 ** ns *
Fe 0.36° 0.400 0.492 0.592 0.542 0.49: 50.79 ** ns ns
Na 0.225% 0.24% 0.3124 0.40% 0.42% 0.29%® 24.61 ** ns *
In 0.22 0.27 0.24 0.24 0.22 0.23 50.49 ns ns ns
Mn 0.08° 0.08° 0.11= 0.13¢ 0.13# 0.122 24.65 ** ns ns
Cu 0.02° 0.03» 0.042 0.04# 0.042 0.04# 30.38 ** ns ns
Period 1-2
DM 3200 3200 313 3720 5442 509: 16.30 ** ns ns
oM 270° 2740 2720 3220 4422 4192 14.29 ** ns ns
MM 49.8° 51.0° 48.9° 57.5° 1022 98.22 17.46 o ns ns
N 10.7° 11.1b 10.9° 13.1° 18.52 16.72 22.02 ** ns ns
P 7.76° 7.85° 7.92> 9.17° 12.1¢ 11.72 16.01 ** ns ns
Ca 6.30° 6.35° 6.23° 7.71° 15.5¢ 16.2¢ 17.01 ** ns ns
K 2.12 2.09 2.08 2.25 2.28 2.35 17.86 ns ns ns
Mg 1.69° 1.820 1.96° 2.25° 5.282 5.05° 18.15 ** ns ns
Fe 0.39% 0.45% 0.4008 0.52% 0.73 0.62 21.40 ** ns *
Na 0.26° 0.31° 0.33# 0.42%® 0.412 0.42: 15.70 * ns ns
n 0.2008 0.25% 0.22v 0.23# 0.30# 0.28# 42.73 ** ns *
Mn 0.13% 0.13% 0.11%8 0.1524 0.23 0.20 22.50 ** ns *
Cu 0.04° 0.04° 0.04° 0.04° 0.06? 0.062 25.65 ** ns ns
Period 1-3
DM 3870 37404 39208 445% 639 583¢ 12.25 ** ns *
oM 3260 318% 336 3810 51424 47424 10.57 o ns *
MM 60.3° 59.5° 61.3° 69.4° 1202 1142 12.68 ** ns ns
N 12.5% 12.1% 12.7°4 14,724 20.5% 18.1%4 17.19 ** ns *
P 9.470% 9.03¢ 9.89 11.4% 15.4%4 13.8% 11.45 ** ns i
Ca 7.71° 7.66° 7.67° 8.95° 17.8 18.1° 17.47 ** ns ns
K 2.55° 2.43° 2.68* 2.80% 2.852 2.85° 12.96 * ns ns
Mg 2.02¢ 1.95¢ 2.22° 2.46° 6.042 5.662 12.20 ** ns ns
Fe 0.47% 0.52v4 0.48° 0.5920A 0.83# 0.70% 14.48 ** ns b
Na 0.47° 0.50° 0.50° 0.742 0.53# 0.67%® 12.44 * b ns
Zn 0.22° 0.23° 0.23° 0.25° 0.302 0.29: 35.65 ** ns ns
Mn 0.13% 0.14% 0.13% 0.16" 0.242 0.20%® 16.57 ** ns i
Cu 0.040 0.04v4 0.04¢8 0.05% 0.07# 0.06%® 17.86 ** ns **

ICV = Coefficient of variation; 2RC = Quantity of residues excreted through feces/amount of live weight produced; ®*<Values within a row, by Enzyme Complex, with
different superscripts which differ significantly at p < 0.05; *8Values within a row, by Nutritional Level, with different superscripts which differ significantly at p < 0.05.
*p < 0.05; **p < 0.01; ns = non significant.

absorbed. This finding may indicate that the exogenous
enzymes used in diets with adequate nutrient levels do
not necessarily imply an improvement in feed efficiency
and, thus, lower residue excretions.

For the diets with 90 % of the nutrient requirements,
it is possible that there was such a severe decrease in the
digestibility of the diet that even the expected positive
effects of the enzyme complex were not observed. It
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is also possible that the action of the enzyme complex
involved in making nutrients available was much
lower than needed to reverse the 10 % reduction in the
nutrient levels of the diets and to improve the use of
the diets and hence lower residue excretions. Based on
these assumptions, the addition of the enzyme complex
to diets with drastic nutrient reductions does not result
in positive responses but, rather, in the main, increases
residue excretions.

The positive results obtained in this research
are in accordance with those found in the literature.
Moeser et al. (2002) verified that the addition of
xylanase to diets with 22 % of neutral detergent fiber
reduced the quantities of feces excreted by pigs by 10 %
compared to the feces excreted by pigs fed a diet with
the same fiber level but without the enzyme. Zhang et
al. (2003) evaluated the effects of pea micronization
and enzyme supplementation (B-glucanase, phytase,
protease, amylase, cellulase and pectinase) on N and P
excretions by growing pigs. The authors verified that pea
micronization and the use of the enzymes reduced N,
P and fecal excretions by an average of 25, 20 and 16
%, respectively, relative to the animals that were fed a
control diet (with regular peas and without enzymes).
Similarly, Htoo et al. (2007) verified that pigs fed a
low-P diet composed of barley and soybean meal and
supplemented with phytase excreted 32 % less P than
the animals that consumed a diet with regular P levels
and without enzymes.

In the present study, the anaerobic biodigestion of
the animal’s feces was not affected (p > 0.05) by the
different experimental diets (Table 6). However, the use
of the feces from the pigs fed the diet with the enzyme
complex numerically improved biogas yields per kg of
TS, VS and reduced VS by 20 % (p = 0.13), 19 % (p =

0.15) and 22 % (p = 0.19), and methane yields per kg of
TS, VS and reduced VS by 22 % (p = 0.13), 20 % (p =
0.15) and 23 % (p = 0.19), respectively, compared to the
feces from the animals that consumed the diets without
enzymes.

The anaerobic biodigestion process occurs as a
result of the action of different microorganisms on
organic matter, which transforms complex organic
substances into more simple molecules, stabilizing
the organic matter and producing biofertilizer and
biogas (Amorim et al., 2004). Many factors can
affect this process, including the composition of the
substrate to be digested, which is closely related to
the diets fed to animals. The mineral and nitrogen
contents and the different types of carbohydrates
in the diets affect the amount and quality of feces
produced, and can therefore alter biogas production
(Orrico et al., 2007).

Considering the carbohydrates present in diets fed
to pigs, starch is totally digested in the pig's small and
large intestine, whereas the fibrous component of the
feedstuffs is partially degraded in the large intestine,
and the portion not completely digested is, most likely,
excreted (Wang et al., 2002). In phase 3 diets of this
research, the calculated values of total carbohydrates,
non-fibrous carbohydrates and neutral detergent fiber
(Table 1) ranged from 60 to 62 %, from 43 to 44 %, and
from 17 to 18 %, respectively.

One of the expected actions of the enzyme complex
was the degradation of fibrous carbohydrates in the feed
offered to the animals in such a way that they could be
used as a source of energy and would not cause negative
effects in the digestion of other components of the diet.
Choct (2006) and Adeola and Cowieson (2011) noted that
the majority of the carbohydrases employed in animal

Table 6 — The effects of diets with different nutritional levels (NI) with (+) or without (-) an enzyme complex (Ec) on anaerobic biodigestion of feces

from finishing pigs.

NI
Ec 100 95 CV! (%) Statistical Significance
+ - + - NI Ec NI x Ec

Total solid reduction (%) 60.0 53.7 54.6 60.9 12.96 ns ns ns
Volatile solid reduction (%) 68.4 61.3 62.1 69.5 9.11 ns ns ns
Volatile solid reduction (kg) 0.41 0.34 0.28 0.37 25.44 ns ns ns
Biogas production (m3) 0.47 0.36 0.47 0.46 17.73 ns ns ns
Methane production (m?3) 0.37 0.28 0.36 0.35 17.74 ns ns ns
Biogas yield

m3kg added total solids! 0.69 0.57 0.86 0.72 18.88 ns ns ns

m3kg added volatile solids-! 0.82 0.69 1.04 0.87 19.43 ns ns ns

m3kg volatile solids reduced-! 1.23 1.13 1.68 1.25 24.02 ns ns ns

m3kg feces! 0.09 0.07 0.09 0.09 17.54 ns ns ns
Methane yield

m3kg added total solids! 0.54 0.45 0.67 0.56 18.99 ns ns ns

m3kg added volatile solids-! 0.64 0.54 0.81 0.68 19.57 ns ns ns

m3kg volatile solids reduced-! 0.96 0.88 1.31 0.98 17.95 ns ns ns

m3kg feces! 0.07 0.05 0.07 0.07 17.71 ns ns ns

ICV = Coefficient of variation; ns = non significant.
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feeding are endoenzymes, which cleave the carbohydrate
in the middle of the chain and do not immediately liberate
its forming units. Thus, it may be that the action of the
carbohydrases, which are mainly endoenzymes, would
liberate part of the fibrous carbohydrate molecules that
may or may not be enzymatically used by the pig or
by its intestinal microbial population. In other words,
the carbohydrate portions liberated by the exogenous
enzymes may be a source of energy for the animal or
may simply be excreted.

Nevertheless, even if excreted, it is possible
that these components of carbohydrates may be more
accessible for microbial degradation in the biodigesters
than intact fiber molecules. Thus, the numerical
differences in biogas and methane yields from the feces
of the pigs fed the diets which contained the enzyme
complex may be credited to the presence of more easily
digestible carbohydrates as a consequence of the action
of the enzyme complex.

An interesting observation is the relationship
between the components of the fecal excretions and the
biogas and methane production potentials. Considering
the organic matter excreted in Period 1-3 by the animals
that consumed the 95E and 95 diets, which differed
significantly, and relating this pattern to the biogas and
methane yields per kg of volatile solids, it was possible
to conclude that the total production of biogas and
methane was very similar.

The animals fed the 95E diet excreted an average
of 26.7 kg of organic matter, and their feces showed
biogas and methane yields of 1.04 and 0.81 m®kg~! of
volatile solids, respectively. It is possible, through the
biodigestion process, that this quantity of organic matter
could result in the production of 27.8 m?* of biogas and
21.6 m*® of methane. The animals fed the 95 diet had
an organic matter excretion of 31.4 kg and biogas and
methane yields of 0.87 and 0.68 m® kg~ of volatile solids,
respectively. Similarly, the organic matter excreted
by these animals could potentially produce 27.3 m?* of
biogas and 21.4 m® of methane.

Thus, the use of the enzyme complex in the diet
that achieved 95 % of the nutritional requirements
reduced the excretion of organic matter, but the feces
of the animals that consumed this diet could potentially
produce similar volumes of biogas and methane
compared to the feces of the animals that were fed the
95 diet, which excreted a greater quantity of organic
matter. In other words, the enzyme supplement was
able to lower organic matter excretion, and reduce
the potential environmental impact of pig manure but
maintain biogas and methane production.

In researches evaluating the anaerobic digestion
of pig feces, it is difficult to find a description of the
diets fed to the animals. However, the biodigestion
of feces from pigs fed diets with corn or sorghum, as
energy sources, was evaluated by Orrico et al. (2010)
and Miranda et al. (2012). These authors found that the
feces of the pigs fed the corn diets presented greater

total and volatile solid reductions and had greater
yields of biogas and methane than the feces of pigs
fed the sorghum diets, showing that diet composition
affects feces biodigestion.

Orrico et al. (2010) reported that biogas yields
per kg of TS and reduced VS with hydraulic retention
times (HRT) from 30 to 120 days ranged from 0.684 to
1.225 m? and from 0.523 to 0.963 m?®, respectively, for
the feces of pigs fed a corn-based diet and from 0.822
to 1.336 m® and 0.477 to 0.900 m?, respectively, for the
manure of the animals that consumed the sorghum diet.
In contrast, Miranda et al. (2012) reported biogas yields
per kg of added TS and VS and reduced VS of 0.525,
0.599, 0.872 m?, respectively, for the feces of pigs fed the
corn diets, and 0.499, 0.563, 0.904 m?, respectively, for
the feces of the pigs fed the sorghum diet. These values
were lower than those reported by Orrico et al. (2010)
and the findings of the current research, which may be
related to the shorter HRT used by Miranda et al. (2012)
that was approximately 30 days. In the work of Orrico et
al. (2010), as in the current research, the HRT used was
longer, allowing for greater total biogas and methane
production, which, when divided by the quantities of
the added substrate, generated higher values.

It is also important to reinforce that there were
no differences in growth performance of pigs fed diets
with 100 or 95 % of nutrient requirements achieved, and
that in the whole period, the animals which consumed
the diets with the enzyme complex had lower excretions
and residue coefficients of Na, DM, OM, Fe, Cu and
Mn. In addition, in the same period, the inclusion of the
enzyme complex in diet 95 reduced excretions of MM, N
and Ca compared with the animals which consumed the
95 diet, and numerically improved biogas and methane
production in the biodigestion of feces. All these
findings demonstrate that the use of an enzyme complex
in diets with a 5 % reduction in energy and nutrient
contents is effective in maintaining growth performance
and reducing excretions of nutrients in feces, which
represents an interesting strategy for sustainable pig
production.

Conclusions

The majority of the results found in this research
demonstrated that the use of an enzyme complex in
a diet formulated to provide 95 % of gilts' nutrient
requirements reduced fecal excretion and positively
affected the anaerobic digestion of feces. These data
show that pig nutrition and feeding are important tools
for reducing the potential environmental impact of pig
production.
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