
Anim. Res. 55 (2006) 563–578 563
c© INRA, EDP Sciences, 2006
DOI: 10.1051/animres:2006039

Original article

Use of carbohydrases in corn-soybean meal based
grower-finisher pig diets

Sung Woo Ka,c*, Jin H. Zb, Kevin T. Sb,
Darrell A. Kc

a Department of Animal and Food Sciences, Texas Tech University, USA
b Department of Animal Sciences, University of Illinois, USA

c Department of Animal Science, Texas A&M University, USA

(Received 2 August 2005 – Accepted 8 September 2006)

Abstract – Four experiments were conducted to determine the effects of carbohydrase (CS) sup-
plements in pig diets on ileal digestibility and ammonia emission. The CS used in this study is
composed of the enzymes obtained from Aspergillus niger and Aspergillus oryzae during their
fermentation process. The major active enzymes were α-1,6-galactosidase, β-1,4-mannanase, and
β-1,4-mannosidase that target flatulence producing compounds in soybean meals. In experience 1
(Exp. 1), 8 cannulated barrows (93.9 ± 2.0 kg) were fed diets with CS supplementation (0.00, 0.05
and 0.10%) in order to measure ileal nutrient digestibility. Ileal digestibilities of lysine, threonine,
and tryptophan were improved (P < 0.05) with CS supplements at 0.05% and 0.10%, whereas di-
gestibility of methionine and branched-chain amino acids did not improve. Supplementing 0.05%
CS increased (P < 0.05) apparent ileal energy digestibility. In experience 2 (Exp. 2), 100 pigs
(24.1 ± 0.6 kg) were fed either a control diet (3 278 Mcal ME per kg diet) or a low-energy diet
(3 109 Mcal ME per kg diet) with 0.05% CS for 4-wk. No differences (P > 0.05) were observed
for ADG, feed intake, and gain:feed between the pigs fed a low-energy diet with CS and the control
during the entire 4-wk. In experience 3 (Exp. 3), 100 pigs (64.1 ± 1.7 kg) were fed either a control
diet (3 277 Mcal ME per kg diet) or a low-energy diet (3 168 Mcal ME per kg diet) with 0.05% CS
for 4-wk. Barrows fed the diet with CS grew faster and had an increased gain:feed (P < 0.05) than
the control, whereas growth rate and gain:feed of the gilts was not improved by CS. In experience
4 (Exp. 4), 60 pigs (23.1 ± 1.7 kg) were fed either a control diet or a 0.05% CS supplemented diet
(3 replicates per treatment with 10 pigs per pen). The pigs in each pen were moved to an environ-
mental chamber and aerial ammonia levels were measured for 66 h at 5 min intervals but the first
18-h was regarded as an acclimation period and the last 48-h was regarded as the data collection
period. There was no difference (P = 0.436) in the average ammonia concentration between the
treatments. However, the increase in ammonia concentration was slower (P < 0.05) from pigs fed
0.05% CS than from pigs fed the control diet. These experiments indicate that the CS supplemen-
tation improves nutrient digestibility and could reduce at least 3% of ME in swine diets without
adverse effects on growth performance.
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Résumé – Utilisation des carbohydrases dans les régimes à base de farine de maïs-soja chez
le porc en croissance-finition. Quatre expériences ont été conduites pour déterminer les effets
de l’addition de carbohydrases (CS) dans l’alimentation des porcs sur la digestibilité iléale des
nutriments et l’émission d’ammoniac. Les carbohydrases utilisées dans cette étude ont été des
enzymes obtenues à partir d’Aspergillus niger et Aspergillus oryzae durant le processus de fer-
mentation. Les principales enzymes actives étaient l’α-1,6-galactosidase, la β-1,4-mannanase, et la
β-1,4-mannosidase qui visent les composés à l’origine de flatulences et présents dans les farines
de soja. Dans l’expérience 1 (Exp. 1), 8 porcs castrés cannulés (93,9 ± 2.0 kg) ont été alimentés
avec des rations supplémentés en CS (0,00, 0,05 et 0,10 %) pour mesurer la digestibilité iléale des
nutriments. Les digestibilités iléales de la lysine, de la thréonine, et du tryptophane ont été amé-
liorées (P < 0, 05) avec le supplément de CS à 0,05 % et 0,10 %, tandis que la digestibilité de la
méthionine et des acides aminés à chaînes ramifiées ne s’est pas améliorée. La supplémentation à
0,05 % a augmenté (P < 0, 05) la digestibilité iléale apparente de l’énergie. Dans l’expérience 2
(Exp. 2), 100 porcs (24,1 ± 0.6 kg) ont reçu une ration témoin (3 278 Mcal ME/kg) ou une ra-
tion à énergie réduite (3 109 Mcal ME/kg) avec 0,05 % de CS durant 4 semaines. Aucune différence
(P > 0, 05) n’a été observée pour les gains moyens quotidiens, l’ingestion, et l’efficacité alimentaire
(gain/ingéré) entre les porcs nourris avec la ration à énergie réduite additionnée de CS et la ration té-
moin durant toute la durée de l’expérience. Dans l’expérience 3 (Exp. 3), 100 porcs (64,1 ± 1.7 kg)
ont été alimentés avec une ration témoin (3 277 Mcal ME/kg) ou avec une ration à énergie réduite
(3 168 Mcal ME/kg) supplémentée avec 0,05 % de CS durant 4 semaines. Les porcs castrés ali-
mentés avec la ration additionnée de CS se sont développés plus rapidement et ont eu une efficacité
alimentaire (gain/ingéré) accrue (P < 0, 05) par rapport à ceux recevant la ration témoin, tandis que
la vitesse de croissance et l’efficacité alimentaire des jeunes truies n’ont pas été améliorées avec
CS. Dans l’expérience 4 (Exp. 4), 60 porcs (23,1 ± 1.7 kg) ont été alimentés avec une ration témoin
ou une ration additionnée de 0,05 % de CS (3 répétitions par traitement avec 10 porcs par enclos).
Les porcs de chaque enclos ont été transférés dans une chambre sous atmosphère contrôlée et les
niveaux d’ammoniac dans l’air ont été mesurés pendant 66 h à intervalles réguliers de 5 minutes.
Les premières 18 heures ont été considérées comme une période d’adaptation et les dernières 48
heures comme une période de collecte des données. Il n’y a eu aucune différence (P = 0, 436)
dans la concentration moyenne en ammoniac entre les traitements. Cependant, l’augmentation de la
concentration en ammoniac était plus lente (P < 0, 05) chez les porcs supplémentés avec 0,05 % de
CS que chez les porcs alimentés avec le régime témoin. Ces expériences montrent que la supplémen-
tation en CS a amélioré la digestibilité des nutriments et pourrait réduire d’au moins 3 % l’énergie
métabolisable dans les rations de porcs sans effets néfastes sur les performances de croissance.
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1. INTRODUCTION

Flatulence-producing compounds (FPC)
are heat stable antinutritional compounds
in soybean meals that are not destroyed
during the processing of soybeans to soy-
bean meal [13]. They are oligo- and poly-
saccharides including α-1,6-galactosides,
β-1,4-mannans, and β-galactomannans
that are resistant to endogenous enzymes
produced from the pigs’ gastrointestinal
tract [8, 10]. These undigested oligo-
and poly-saccharides cause reduced di-
gestibility due to increased osmolarity
and rate of passage in the gut. The FPC
entering the hind-gut are readily fermented

by microorganisms causing massive gas
production [7, 25, 26].

Use of exogenous dietary enzymes to
hydrolyze FPC in the foregut is the most
practical and inexpensive method of min-
imizing the detrimental effects of FPC in
soybean meal. Use of exogenous enzymes
targeting FPC in pig diets has been inves-
tigated [3, 7, 25]. However, previous stud-
ies targeted a specific kind of FPC and
the results were not consistent. Recently,
Kim et al. [12] demonstrated the bene-
fits of using carbohydrase supplements tar-
geting multiple FPC (α-1,6-galactosides,
β-1,4-mannans, and β-galactomannan) in
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soybean meal based diets of nursery pigs.
Both ileal nutrient digestibility and feed
efficiency of nursery pigs were improved
by this application. The aim of the current
study was to determine the effects of this
carbohydrase supplement in soybean meal
based diets on growth performance, nutri-
ent digestibility, and aerial ammonia emis-
sions of grower-finisher pigs.

2. MATERIALS AND METHODS

2.1. Enzyme

Characteristics of the carbohydrase
(CS) supplement (Endopower�, EasyBio
System, Seoul, Korea) were previously de-
scribed [12]. The CS supplement consisted
of 40% dehydrated fermentation prod-
uct from Aspergillus niger (PRL 2351)
and Aspergillus oryzae (ATCC 66222) by
weight and 60% dehydrated barley malt
sprouts. The major active enzymes were
α-1,6-galactosidase, β-1,4-mannanase, and
β-1,4-mannosidase. Some minor resid-
ual enzymes were β-1,4-glucanase, β-1,4-
glucanase, β-glucosidase, cellobiase, xy-
losidase, arabinosidase, amiloglucosidase,
and α-glucosidase.

2.2. Animal care

The animal care protocols were ap-
proved by the Animal Care and Use Com-
mittee of Texas Tech University and by
the Laboratory Animal Care Committee
of the University of Illinois at Urbana-
Champaign.

2.3. Experience 1

2.3.1. Design and animal

Eight barrows (93.9 ± 2.0 kg) were
surgically fitted with cannula at the dis-
tal ileum using procedures described by

Stein et al. [21, 22] to measure the effect
of CS supplementation on ileal digestibil-
ity of nutrients in soybean meal by finisher
pigs. A Latin square split-plot design was
used with two replicates of a 4 × 4 Latin
square and each Latin square had four bar-
rows. Within each Latin square, four bar-
rows were allotted to treatments randomly
within each treatment group and rotated in
a random manner such that each pig re-
ceived each diet.

Each period consisted of 5 d diet ad-
justment followed by 2 d of ileal digesta
collection. Within each period of a square,
all pigs were fed the same amount of diet
each day, equally divided between meals
of 0800 and 1800 h. The daily amount
fed within a period was 0.09 kg per kg0.75

based on the average weight of pigs at the
beginning of each period.

2.3.2. Experimental diets

Cannulated pigs were fed one of four
corn-starch based diets. Three diets con-
tained 35% soybean meal as the sole pro-
tein source and one contained 5% casein
as the sole protein source (Tab. I). The
soybean meal diets were supplemented
with 0, 0.05, or 0.10% of CS. The low-
protein casein diet was used to measure
endogenous protein loss as previously de-
scribed [9, 22–24] based on an assumption
that casein itself is 100% digestible at a low
inclusion level [5].

2.3.3. Sampling and chemical analyses

Digesta were collected from 0800 to
2000 during the 2-d collection period.
Sterile 225-mL plastic bags (Gerber baby
bottle bag, Gerber Products Company,
Fremont, MI) were used to collect di-
gesta from cannulated pigs. After remov-
ing the cap from the cannula, a plastic
bag was attached to the cannula barrel
using an autolocking cable tie. Collected
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Table I. Composition of diets for Exp. 1 (as fed basis).

Carbohydrase (%)

Ingredient Casein 0 0.05 0.10

Corn starch 61.60 38.35 38.30 38.25

Soybean meal, dehulled 35.00 35.00 35.00

Carbohydrasesa 0.05 0.10

Casein (food grade) 5.00

Sucrose 20.00 20.00 20.00 20.00

Corn oil 2.00 2.00 2.00 2.00

Salt 0.40 0.35 0.35 0.35

Celluloseb 5.00

Limestone 0.60 0.45 0.45 0.45

Dicalcium phosphate 3.00 3.00 3.00 3.00

Potassium carbonatec 1.40

Magnesium oxided 0.15

Vitamin premixe 0.30 0.30 0.30 0.30

Mineral premixf 0.05 0.05 0.05 0.05

Cr2O3 0.50 0.50 0.50 0.50

Analyzed composition:

DM (%) 92.3 92.6 92.4 92.2

CP (%) 5.8 18.7 19.0 18.4

Ash (%) 6.4 6.2 6.3 6.4

Lysine (%) 0.39 1.05 1.00 1.08

Threonine (%) 0.21 0.66 0.64 0.68

Tryptophan (%) 0.07 0.21 0.26 0.27

Methionine (%) 0.13 0.24 0.23 0.24

Gross energy (kcal per kg) 3 969 4 187 4 182 4 174

a Carbohydrases (Endopower� , EasyBio System Inc., Seoul, Korea) were composed of dehydrated fer-
mentation products from Aspergillus niger (PRL 2351) and Aspergillus oryzae (ATCC 66222) (40% by
weight) and dehydrated barley malt sprouts (60% by weight). Main active forms in fermentation prod-
ucts are α-1,6-galactosidase, β-1,4-mannanase, and β-1,4-mannosidase. One kilogram of complete diets
contained 7 units of α-1,6-galactosidase and 22 units of β-1,4-mannanase for 0.1% carbohydrase supple-
mentation and 3.5 units of α-1,6-galactosidase and 11 units of β-1,4-mannanase for 0.05% carbohydrase
supplementation.
b Solka floc� (Fiber Sales & Development Corp., Urbana, OH).
c Potassium carbonate contains 55% potassium (K) as-fed basis (Fisher Scientific, Pittsburgh, PA).
d Magnesium oxide contains 58% magnesium (Mg) as-fed basis (Fisher Scientific, Pittsburgh, PA).
e The vitamin premix provided the following per kilogram of complete diet: 2 000 IU vitamin A as vita-
min A acetate, 300 IU vitamin D3, 20 IU vitamin E, 1.0 mg vitamin K as menadione sodium bisulfite,
4 mg thiamin, 15 mg niacin, 4 mg riboflavin, 12 mg D-pantothenic acid as calcium pantothenate, 15 µg
vitamin B12, 2 mg pyridoxine, 1 mg d-biotin, 5 mg folic acid, and 0.60 g choline as choline chloride.
f The mineral premix provided the following per kilogram of complete diet: 90 mg iron as iron sulfate,
5 mg manganese as manganese oxide, 8 mg copper as copper oxide, 20 mg iodide as potassium iodate,
0.21 mg selenium as sodium selenite, and 90 mg zinc as zinc oxide.
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samples were placed in plastic contain-
ers and frozen at −20 ◦C immediately af-
ter collection. Frozen ileal samples were
freeze-dried and ground using an ana-
lytical mill (A10 S2, IKA-Laboratechnik,
Germany) prior to chemical analyses.
Samples were analyzed for dry matter
by desiccation at 105 ◦C for 4 h, ash
by combustion at 500 ◦C for 8 h, and
crude protein by measuring nitrogen con-
tent (Kjeldahl method; [2]). Separation and
analysis of the amino acids was performed
on an amino acid analyzer (Beckman 6300,
Beckman Coulter, Inc., Fullerton, CA)
equipped with a high performance cation
exchange resin column with amino acid
detection accomplished with post-column
ninhydrin derivatization. Norleucine was
utilized as the internal standard. Trypto-
phan was quantified after alkaline hydrol-
ysis of the samples [16]. Gross energy was
measured by combustion using a bomb
calorimeter (Parr 1261, Parr Instrument
Co., Molin, IL). Chromium content was
measured from ashed samples [28].

2.3.4. Calculations and statistical
analysis

Apparent and standardized digestibil-
ities were calculated as previously de-
scribed by van Kempen et al. [24]. Endoge-
nous amino acid losses determined using
the low-protein casein diet were used to
calculate standardized digestibility.

Data were analyzed using a Latin
Square split plot design (two replicates of
4×4 Latin Square design) as previously de-
scribed by Kim and Easter [11]. Analyses
were performed using the PROC ANOVA
procedure in SAS/STAT� software (SAS
Inst., Inc., Cary, NC).

2.4. Experiences 2 and 3

2.4.1. Design and animals

A total of 200 pigs was used to de-
termine the effect of CS supplementation

to low ME diets on growth performance
of grower and finisher pigs. Experi-
ment 2 used one hundred grower pigs
(24.1 ± 0.6 kg) and Exp. 3 used 100 fin-
isher pigs (64.1 ± 1.7 kg). In both exper-
iments, pigs were allotted to one of two
treatments to provide 10 replicates of five
pigs each per treatment. For each treat-
ment, there were 5 replicates of gilts and
5 replicates of barrows. Grower pigs were
housed in 1.4 × 2.4 m pens and finisher
pigs were housed in 1.8 × 2.6 in a to-
tally slatted floor confinement facility, and
had ad libitum access to diet and water.
Feed intake and body weight were mea-
sured each week of the 4 wk experiments.

2.4.2. Experimental diets

Diets were based on corn and soybean
meal, and met or exceeded the nutrient
requirements specified by the NRC [17]
(Tab. II). Calculated ME and total ly-
sine contents of the control diets were
3 278 kcal per kg and 1.04% for Exp. 2 and
3 277 kcal per kg and 0.86% for Exp. 3.
The test diets were similar to the control
diets except 0.05% CS was added and puri-
fied cellulose replaced soybean oil to lower
the ME content. The CS diets had 95%
and 97% of the ME in the control diets for
Exp. 2 and 3, respectively. The results of
Exp. 1 indicated that addition of 0.05% CS
improved digestibility of gross energy and
the levels of ME in the CS diets were de-
termined based on the results from Exp. 1.

2.4.3. Statistical analyses

Data were analyzed as a randomized
complete block design with sex as a block
criterion. Analyses were performed us-
ing PROC GLM procedure of SAS (SAS
Inst., Inc., Cary, NC). Effects of treat-
ment, sex, and interaction of treatment and
sex were included in the model. Least-
squares means, probabilities of differences,
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Table II. Composition of diets for Exp. 2 and Exp. 3 (as fed basis).

Exp. 2 Exp. 3

Ingredient Control Carbohydrases Control Carbohydrases

Corn 55.60 55.60 57.40 57.40

Soybean meal (48%) 27.00 27.00 20.00 20.00

Wheat bran 13.00 13.00 17.00 17.00

Soybean oil 2.00 0.00 3.00 1.70

Cellulosea 0.00 1.95 0.85 2.10

Limestone 0.90 0.90 0.60 0.60

Dicalcium phosphate 1.00 1.00 0.70 0.70

Mineral-salt premixb 0.35 0.35 0.30 0.30

Vitamin premixc 0.10 0.10 0.10 0.10

Additived 0.05 0.05 0.05 0.05

Carbohydrasese 0.00 0.05 0.00 0.05

Calculated compositionf

ME (kcal per kg) 3 278 3 109 3 277 3 168

Crude protein (%) 19.48 19.48 16.93 16.93

Lysine (%) 1.04 1.04 0.86 0.86

Threonine (%) 0.73 0.73 0.62 0.62

Tryptophan (%) 0.24 0.24 0.20 0.20

Methionine+Cystine (%) 0.66 0.66 0.59 0.59

Available phosphorus (%) 0.29 0.29 0.24 0.24

Calcium (%) 0.73 0.73 0.52 0.52

Analyzed compositionf

GE (kcal per kg) 4 183 3 962 4 142 4 014

a Solka Floc� (Fiber Sales & Development Corp., Urbana, OH).
b The mineral-salt premix provided the following per kilogram of complete diet: 20 mg manganese as
manganous oxide, 90 mg iron as iron sulfate, 100 mg zinc as zinc oxide, 8 mg copper as copper oxide,
0.35 mg iodide as ethylenediamine dihydroiodide and 0.3 mg selenium as sodium selenite.
c The vitamin premix provided the following per kilogram of complete diet: 3 306.9 IU vitamin A as vita-
min A acetate, 330.7 IU vitamin D3, 44.1 IU vitamin E, 2.2 IU vitamin K as menadione sodium bisulfite,
3.7 µg vitamin B12, 0.9 mg riboflavin, 2.5 mg D-pantothenic acid as calcium pantothenate, 3.4 mg niacin
and 25.0 mg choline as choline chloride.
d Tylan�(Elanco, IN).
e Carbohydrases (Endopower� , EasyBio System Inc., Seoul, Korea) were composed of dehydrated fer-
mentation products from Aspergillus niger (PRL 2351) and Aspergillus oryzae (ATCC 66222) (40% by
weight) and dehydrated barley malt sprouts (60% by weight). Main active forms in fermentation prod-
ucts are α-1,6-galactosidase, β-1,4-mannanase, and β-1,4-mannosidase. One kilogram of complete diets
contained 3.5 units of α-1,6-galactosidase and 11 units of β-1,4-mannanase for 0.05% carbohydrase sup-
plementation.
f As-fed basis.
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and standard errors of the mean were ob-
tained to evaluate differences among treat-
ment means.

2.5. Experience 4

2.5.1. Design and animals

Sixty pigs (23.1 ± 1.7 kg) were used
in Exp. 4 to measure the effects of CS sup-
plementation to a corn-soybean meal based
diet on aerial ammonia emission by grower
pigs. Pigs were randomly allotted to either
the control treatment or the CS treatment.
Each treatment had three replicates with
10 pigs per pen-replicate. Pigs were housed
in 1.4 × 2.4 m pens in a totally slatted floor
confinement facility, and had ad libitum ac-
cess to diet and water.

The control diet was based on corn and
soybean meal (Tab. III) and the CS diet
contained 0.05% CS by replacing the same
amount of corn (Tab. III).

An environmental chamber was used
to measure aerial ammonia concentration
from the pigs under controlled conditions.
Ten pigs from each pen were moved to a
pen (1.2 × 2.4 m) in a ventilated environ-
mental chamber (3.0 × 3.0 × 2.4 m)
for 66 h during which aerial ammonia
was measured. The temperature inside of
the chamber was maintained at 24 ◦C and
the fan was working continuously during
the experimental period. A gas monitor
(Pac III, Draeger Safety, Inc., Pittsburgh,
PA) with sensors for ammonia and hy-
drogen sulfide was used to measure the
changes in air concentration of these com-
pounds during the 66 h collection period at
5 min intervals. Feed intake of pigs during
the 66 h collection period was measured.
Body weights were measured before and
after moving pigs to the chamber. The first
18-h was regarded as an acclimation period
and the last 48-h was regarded as a data
collection period.

Table III. Composition of diets for Exp. 4 (as
fed basis).

Ingredient Control Carbohydrases
Corn 69.00 68.95
Soybean meal,
dehulled 26.00 26.00
Salt 0.30 0.30
Vitamin-mineral
premixa 2.00 2.00
Soybean oil 1.00 1.00
Dicalcium phosphate 1.00 1.00
Limestone 0.70 0.70
Carbohydrasesb 0.00 0.05
Total 100.00 100.00
Calculated analysisc

Dry matter (%) 89.7 89.7
ME (kcal per kg) 3355.1 3355.1
CP (%) 18.2 18.2
Lysine (%) 0.97 0.97
Met + Cys (%) 0.62 0.62
Tryptophan (%) 0.21 0.21
Threonine (%) 0.68 0.68
Calcium (%) 0.62 0.62
Available
phosphorus (%) 0.27 0.27

a Vitamin-mineral premix provided the following
per kilogram of complete diet: 31.1 mg manganese
as manganous oxide, 50 mg iron as iron sulfate,
69.2 mg zinc as zinc oxide, 6.3 mg copper as cop-
per oxide, 0.48 mg iodide as ethylenediamine di-
hydroiodide, 0.15 mg selenium as sodium selenite,
5037 IU vitamin A as vitamin A acetate, 550 IU vi-
tamin D3, 41.3 IU vitamin E, 1.8 IU vitamin K as
menadione sodium bisulfite, 36.6 µg vitamin B12,
9.2 mg riboflavin, 29.3 mg D-pantothenic acid as
calcium pantothenate, 36.6 mg niacin and 1105 mg
choline as choline chloride.
b Carbohydrases (Endopower� , EasyBio Sys-
tem Inc., Seoul, Korea) were composed of de-
hydrated fermentation products from Aspergillus
niger (PRL 2351) and Aspergillus oryzae (ATCC
66222) (40% by weight) and dehydrated barley
malt sprouts (60% by weight). Main active forms
in fermentation products are α-1,6-galactosidase,
β-1,4-mannanase, and β-1,4-mannosidase. One
kilogram of complete diets contained 3.5 units
of α-1,6-galactosidase and 11 units of β-1,4-
mannanase for 0.05% carbohydrase supplementa-
tion.
c As-fed basis.
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2.5.2. Statistical analysis

Data were analyzed as a randomized
complete block design. Analyses were per-
formed using PROC GLM procedure of
SAS (SAS Inst., Inc., Cary, NC). Least-
squares means of the aerial ammonia lev-
els during the last 10, 20, 30, and 48 h as
well as the body weight of pigs and feed
consumption from each treatment were ob-
tained. The probabilities of differences,
and standard errors of the mean were ob-
tained to evaluate differences among treat-
ment means. Feed intake and initial body
weight were used as covariates in analyz-
ing the data. Equations describing the in-
creases in aerial ammonia levels in the
chamber during the 48 h were obtained and
the slopes of equations for each treatment
were compared as previously described by
Kim and Easter [11].

3. RESULTS

3.1. Experience 1

Initial weight of cannulated pigs was
93.9 ± 2.0 kg and the final weight was
116.8 ± 1.8 kg. The average daily gain
was 817.0 ± 43.6 g. Daily feed allowance
was 2.70, 2.85, 2.95, and 3.10 kg for peri-
ods 1, 2, 3, and 4, respectively.

3.1.1. Energy, dry matter, and ash

Apparent ileal digestibility of GE and
DM were greater (P < 0.05) when 0.05%
CS was supplemented to the soybean meal
based diet (Tab. IV). The improvement in
energy digestibility averaged 3%. Supple-
menting CS at the 0.10% level, on the other
hand, did not improve either apparent ileal
digestibility of gross energy or DM. Car-
bohydrase supplementation did not affect
apparent ileal digestibility of ash.

Table IV. Effect of carbohydrase supplementa-
tion on apparent ileal digestibility of nutrients
in soybean meal (Exp. 1)a.

Carbohydrases
Control 0.05% 0.10% SEMb

GE 82.0c 84.3d 82.4c 0.33
DM 81.1c 83.3d 82.2cd 0.39
Ash 37.0 35.3 41.6 1.43
CP 78.9c 81.7d 79.3cd 0.58
Essential amino
acids
Arginine 90.8c 94.1d 93.6cd 0.59
Histidine 85.6c 89.1d 87.5cd 0.54
Isoleucine 80.9 80.9 82.2 0.58
Leucine 83.0 84.1 84.7 0.55
Lysine 85.2c 86.9d 87.3d 0.36
Methionine 85.8 87.3 87.2 0.33
Phenylalanine 84.1 86.0 86.0 0.42
Threonine 74.9c 77.7d 77.8d 0.55
Tryptophan 80.8c 87.0d 86.6d 0.84
Valine 79.1 79.5 80.4 0.59
Non-essential
amino acids
Alanine 74.0 72.7 75.1 0.65
Aspartate 79.9c 82.6d 81.2cd 0.48
Cysteine 77.2c 81.0d 78.3c 0.54
Glutamate 78.4c 84.8d 80.6c 0.77
Glycine 65.5c 70.1d 66.7c 0.64
Proline 77.5 78.6 75.9 1.64
Serine 81.2c 83.5cd 83.7d 0.51
Taurine 84.4c 88.1d 82.8c 0.80
Tyrosine 84.4c 87.6d 87.5d 0.52
All amino acids 80.7c 83.3d 82.4cd 0.48

a Values are means for eight pigs used in a repli-
cated 4 × 4 Latin Square designed experiment.
b Pooled standard error of the means.
c,d Within a row, means without a common super-
script letter differ (P < 0.05).

3.1.2. Crude protein and amino acids

Apparent ileal digestibility of CP was
improved about 3% (P < 0.05) when
0.05% CS was supplemented to the diet.
Supplementing 0.10% CS, did not affect
apparent CP digestibility. Standardized
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Table V. Effect of carbohydrase supplementa-
tion on the standardized ileal digestibility of
crude protein and amino acids in soybean meal
(Exp. 1)a.

Carbohydrases

Control 0.05% 0.10% SEMb

CP 85.4 87.9 85.9 0.79

Essential amino

acids

Arginine 93.5c 97.0d 96.3cd 0.63

Histidine 88.6c 91.1d 90.3cd 0.61

Isoleucine 86.5 87.0 87.8 0.67

Leucine 86.3 87.7 88.0 0.63

Lysine 88.2c 90.1d 90.3d 0.41

Methionine 89.1 90.8 90.6 0.38

Phenylalanine 86.6c 88.6d 88.4cd 0.48

Threonine 82.4c 85.5d 85.1d 0.64

Tryptophan 86.4c 91.5d 90.9d 0.85

Valine 84.7 85.5 85.9 0.70

Non-essential

amino acids

Alanine 80.2 79.2 81.1 0.72

Aspartate 83.3c 86.1d 84.5cd 0.54

Cysteine 82.1c 86.1d 83.5c 0.63

Glutamate 82.3c 88.8d 84.3c 0.84

Glycine 76.8c 81.8d 77.6c 0.92

Proline 102.1 104.4 100.3 1.73

Serine 89.6c 92.2d 92.2d 0.62

Taurine 97.1c 101.8d 96.5c 1.14

Tyrosine 88.1c 91.6d 91.2d 0.55

Mean of all

amino acids 86.3c 89.2d 87.9cd 0.58

a Values are means for eight pigs used in a repli-
cated 4 × 4 Latin Square designed experiment.
b Pooled standard error of the means.
c,d Within a row, means without a common super-
script letter differ (P < 0.05).

digestibilities (Tab. V) of CP were similar
among treatments.

Supplementing CS either at the 0.05%
or 0.10% level improved (P < 0.05)
both apparent and standardized ileal di-
gestibilities of major limiting essential

amino acids, including lysine, threonine,
and tryptophan. There was no improve-
ment in ileal digestibility of methionine
and branched-chain amino acids with the
CS supplement. Apparent and standardized
ileal digestibilities of histidine and arginine
were the greatest (P < 0.05) when CS was
supplemented at 0.05%. In general, ileal
digestibilities of non-essential amino acids
were improved (P < 0.05) with 0.05%
CS supplementation with the exceptions of
alanine and proline.

The mean of amino acid digestibilities
was improved (P < 0.05) with 0.05%
CS supplementation. The 3% improvement
occurred for both apparent and standard-
ized ileal digestibilities.

3.1.3. Endogenous loss of amino acids

The total amount of amino acids lost in
endogenous excretions was 9.15 g per kg
of dry matter intake (Tab. VI). Endogenous
losses of lysine, threonine, and tryptophan
were 0.31, 0.49, and 0.11 g per kg dry mat-
ter intake.

3.2. Experience 2

No differences (P > 0.05) were ob-
served for ADG as affected by the di-
etary treatments or by the sexes during
each week and during the entire experi-
mental period (Tab. VII). No interactions
(P > 0.05) between the treatment and the
sex were observed for ADG during each
week and during the entire experimental
period. No differences (P > 0.05) were
observed for ADFI as affected by the di-
etary treatments or by the sexes during
the first, second, and third wk. During the
fourth wk, pigs fed the low energy diet
with CS supplement had a higher feed in-
take (P < 0.05) than pigs fed the control
diet. However, there was no difference in
average daily feed intake during the entire
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Table VI. Endogenous amino acid loss
(g per kg dry matter intake) observed with a
low casein dieta.

Low-protein casein diet SEMb

Essential amino

acids

Arginine 0.326 0.070

Histidine 0.131 0.032

Isoleucine 0.406 0.054

Leucine 0.443 0.083

Lysine 0.310 0.055

Methionine 0.077 0.011

Phenylalanine 0.208 0.042

Threonine 0.486 0.058

Tryptophan 0.113 0.021

Valine 0.435 0.063

Non-essential

amino acids

Alanine 0.460 0.072

Aspartate 0.645 0.129

Cysteine 0.145 0.030

Glutamate 1.185 0.175

Glycine 0.792 0.226

Proline 1.971 0.499

Serine 0.620 0.071

Taurine 0.159 0.034

Tyrosine 0.197 0.020

All amino

acids 9.145 1.641

a Values are means for eight pigs used in a repli-
cated 4 × 4 Latin Square designed experiment.
b Standard error of the means.

experimental period as affected by the di-
etary treatment or by the sex. No interac-
tions (P > 0.05) between the treatment
and the sex were observed for ADFI dur-
ing each week and during the entire exper-
imental period. Gain:feed ratio did not dif-
fer between the treatments either by week
or during the entire experimental period

as affected by the dietary treatment or by
sex. No interactions (P > 0.05) between
the treatment and sex were observed for
gain:feed during each week and during the
entire experimental period.

3.3. Experience 3

Pigs fed the low energy diet (97% of the
ME content of the control diet) with 0.05%
CS had a higher (P < 0.05) ADG than
pigs fed the control diet during the entire
experimental period (Tab. VIII). However,
there was no effect of sex and the interac-
tion of the treatment and sex on ADG of
pigs during the entire experimental period.
Average daily feed intake was not affected
by the treatment, sex, and the interaction
of the treatment and sex during the entire
experimental period but only except dur-
ing the third wk. Gain:feed ratio of pigs
fed the low energy diet with the CS sup-
plement was not different (P > 0.05) to the
control pigs during the entire experimen-
tal period. However, gain:feed ratio of the
gilts tended (P = 0.052) to be higher than
those of the barrows. There was no interac-
tion between the dietary treatment and the
sex for gain:feed ratio during the entire ex-
perimental period.

3.4. Experience 4

The initial body weight, ADG, and
ADFI of pigs were the same (P > 0.05)
between the control and the CS groups
(Tab. IX). The initial aerial ammonia con-
centrations after the 18-h adjustment pe-
riod were the same (P = 0.958) between
the control diet (19.52 ± 1.05 ppm) and
the CS (19.54 ± 1.05 ppm). Aerial am-
monia concentrations from pigs fed the CS
supplemented diet were lower (P < 0.05)
at 29, 30, 31, 32, 33, 35, 39, 40, and 41 h
of the collection period than those from
the control group (Fig. 1). The average
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Table VII. Effect of carbohydrase supplementation on growth performance of grower pigs (Exp. 2)a.

Treatment (T) Control Carbohydrasesb P valuesd

Sex (S) Barrow Gilt Barrow Gilt SEMc T S T × S

Initial wt (kg) 22.9 24.5 24.0 25.0 0.6 0.432 0.207 0.792

Final wt (kg) 43.3 44.7 44.5 44.5 0.5 0.620 0.539 0.531

Average daily gain (g)

Wk 1 660.9 525.0 589.6 469.4 58.6 0.578 0.271 0.948

Wk 2 930.8 813.0 846.0 811.4 55.1 0.356 0.116 0.374

Wk 3 791.9 1021.5 837.3 957.1 76.7 0.948 0.242 0.705

Wk 4 518.5 521.5 659.1 544.5 60.1 0.543 0.679 0.661

Wk 1 to 4 725.3 720.2 733.0 695.6 16.9 0.815 0.561 0.655

Average daily feed intake (kg)

Wk 1 1.29 1.22 1.28 1.26 0.05 0.895 0.598 0.745

Wk 2 1.68 1.62 1.69 1.54 0.04 0.672 0.148 0.531

Wk 3 1.80 1.74 1.76 1.71 0.03 0.466 0.275 0.870

Wk 4 1.69 1.76 1.94 1.84 0.04 0.032 0.871 0.252

Wk 1 to 4 1.61 1.58 1.67 1.59 0.03 0.607 0.347 0.677

Gain:feed ratio

Wk 1 0.50 0.39 0.45 0.35 0.04 0.521 0.151 0.916

Wk 2 0.55 0.50 0.50 0.51 0.03 0.367 0.463 0.189

Wk 3 0.45 0.60 0.49 0.57 0.05 0.917 0.191 0.716

Wk 4 0.32 0.30 0.34 0.30 0.03 0.877 0.683 0.876

Wk 1 to 4 0.45 0.45 0.44 0.44 0.01 0.567 0.990 0.920

a Values are means of five pens containing five pigs each.
b Diet contained 0.05% carbohydrase supplementation.
c Pooled standard error of the means.
d P values for difference between the treatments (T), between the sexes (S), and interaction (T × S) of the
treatment and the sex.

aerial ammonia concentrations during the
entire 48 h collection period did not differ
(P > 0.05) between the groups but the CS
group had the lower (P < 0.05) average
values than the control group during the
last 20 h collection period (29 to 48 h of
the collection period) (Tab. IX).

Changes in aerial ammonia concentra-
tions from both groups were described by
linear equations to test the differences be-
tween the slopes of the models as described
by Kim and Easter [11]. Both models
shared the common intercepts for this anal-
ysis. The aerial ammonia concentrations

(ppm) produced from the control group
and the CS supplemented group were mod-
eled as aerial ammonia (ppm) = 19.530 +
0.223 × time (h) (R2 = 0.93, P < 0.001)
and aerial ammonia (ppm) = 19.530 +
0.176 × time (h) (R2 = 0.93, P < 0.001),
respectively (Fig. 1). The slope of the aerial
ammonia changes from the control groups
was different (P < 0.001) from that of the
CS supplemented group indicating that the
increase of the aerial ammonia content was
slower (P < 0.001) from the pigs fed the
CS supplemented diet than those fed the
control diet.
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Table VIII. Effect of carbohydrase supplementation on growth performance of finisher pigs
(Exp. 3)a.

Treatment (T) Control Carbohydrasesb P valuesd

Sex (S) Barrow Gilt Barrow Gilt SEMc T S T × S

Initial wt (kg) 64.2 63.3 63.3 65.5 1.68 0.821 0.824 0.612

Final wt (kg) 94.9 95.7 98.6 98.2 1.96 0.445 0.960 0.891

Average daily gain (g)

Wk 1 970.4 1370.1 1324.5 1048.8 143.2 0.932 0.753 0.095

Wk 2 1299.8 1179.4 1584.1 1437.2 60.9 0.020 0.226 0.900

Wk 3 1090.0 1110.8 1113.5 1097.4 48.6 0.950 0.977 0.818

Wk 4 1032.1 968.9 1020.4 1084.6 41.1 0.496 0.995 0.406

Wk 1 to 4 1098.1 1157.3 1260.6 1167.0 27.1 0.044 0.739 0.085

Average daily feed intake (kg)

Wk 1 2.48 2.38 2.45 2.36 0.08 0.816 0.461 0.937

Wk 2 2.85 2.77 3.02 2.79 0.10 0.541 0.339 0.634

Wk 3 3.12 2.91 3.36e 2.75 0.09 0.042 0.025 0.236

Wk 4 3.01 2.73 3.12 2.96 0.10 0.336 0.217 0.724

Wk 1 to 4 2.87 2.70 2.98 2.71 0.07 0.601 0.105 0.690

Gain:feed ratio

Wk 1 0.41 0.61 0.55 0.49 0.07 0.863 0.378 0.091

Wk 2 0.47 0.44 0.54 0.53 0.03 0.085 0.676 0.795

Wk 3 0.35 0.38 0.33 0.40 0.01 0.850 0.021 0.390

Wk 4 0.34 0.36 0.33 0.37 0.01 0.984 0.180 0.507

Wk 1 to 4 0.39 0.43 0.42 0.43 0.01 0.093 0.052 0.158

a Values are means of five pens containing five pigs each.
b Diet contained 0.05% carbohydrase supplementation.
c Pooled standard error of the means.
d P values for difference between the treatments (T), between the sexes (S), and interaction (T × S) of the
treatment and the sex.

4. DISCUSSION

These experiments indicate that it is
beneficial to add a CS supplement contain-
ing α-1,6-galactosidase, β-1,4-mannanase,
and β-1,4-mannosidase to diets of grower
and finisher pigs. Apparent ileal digestibil-
ities of dietary GE and amino acids in soy-
bean meal were improved by about 3% by
the addition of CS. Supplementing 0.05%
CS allowed growing and finishing pigs fed
a lower energy diet (97 or 95% of the
ME in the control diet) to achieve perfor-

mance equal to pigs fed the higher energy
control diet without increasing voluntary
feed intake under ad libitum feeding con-
dition. Collectively, these experiments in-
dicate that dietary CS supplementation can
improve energy utilization in grower and
finisher diets and may reduce aerial ammo-
nia concentration from pig manure.

The improvements in digestibility found
in Exp. 1 were obtained in corn starch
based diets containing 35% soybean meal.
In Exp. 2 and 3, soybean meal contents
were 27% and 20% respectively. Assuming
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Figure 1. Aerial ammonia changes from pig excreta as affected by carbohydrase supplement dur-
ing the 48 h collection period after the 18 h adjustment period. The control group: CON; and the
carbohydrase supplemented group: CS.

Table IX. Effect of carbohydrase supplementa-
tion on aerial ammonia concentration from pig
excreta (Exp. 4)a.

Control Carbohydrasesb SEMc

Initial weight

of pigs 23.35 23.67 0.49

ADG (g per d) 560.6 560.8 3.9

ADFI (g per d) 1020.5 1052.9 2.1

Ammonia (ppm)

0−48 h 24.75 24.07 0.29

18−48 h (last 30 h) 27.18d 25.39e 0.40

28−48 h (last 20 h) 28.18f 25.80g 0.42

38−48 h (last 10 h) 29.05 26.77 0.92

a Values are means of three pens containing ten
pigs each.
b Diet contained 0.05% carbohydrase supplemen-
tation.
c Pooled standard error of the means.
d,e Within a row, means without a common super-
script letter tend to differ (P < 0.07).
f,g Within a row, means without a common super-
script letter differ (P < 0.05).

that the same improvements occur in corn
– wheat bran based diets, the predicted
amount of additionally available gross en-
ergy and amino acids due to the CS sup-

plement would be at least 2.3 and 3.1%
respectively for Exp. 2 and 1.7 and 2.3%
respectively for Exp. 3. These estimated
improvements would be greater if CS sup-
plement increased digestibility of flatu-
lence producing compounds in corn.

Grower and finisher pigs fed the lower-
energy diet containing 0.05% CS per-
formed as good as or better than pigs
fed the higher energy control diet sug-
gesting that CS may have improved nutri-
ent utilization and performance. This as-
sumption is valid only if there is adequate
replication to detect true differences be-
tween treatments. Based on the formula
provided by Martin et al. [14], 10 replica-
tions (the number of replications used in
these experiments) should detect a differ-
ence of about 10% with a P value (alpha)
at 0.10 and power (1-beta) at 80 when the
average coefficient of variation is 9% from
most of the observations of this study. The
P values for ADG, ADFI, and gain:feed
determined for the entire experiments were
the following: 0.81, 0.61, 0.57 for Exp. 2
indicating that there were no differences
between the control and the CS groups.
These large P values suggest that lack of a
negative control diet (i.e., a low energy diet
without the CS supplement) in Exp. 2 does
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not invalidate the conclusions. However,
the CS group performed even better than
the control group in Exp. 3 which provided
P values of 0.04, 0.60, and 0.04 for ADG,
ADFI, and gain:feed, respectively. Better
performances by the low-energy CS group
than the control also suggest that lack of
a negative control diet in Exp. 3 does not
invalidate the conclusions.

It has been shown that lysine:ME ra-
tio affects voluntary feed intake of pigs.
As pigs receive diets with increased ly-
sine:ME ratios, their voluntary feed intake
can also increase [20, 27]. The CS diets
used in this study had 5 and 3% higher
lysine:ME ratios than the control diets for
Exp. 2 and 3, respectively. However, these
differences did not affect the voluntary feed
intake of growing and finishing pigs during
the 4 week feeding periods. Increased en-
ergy utilization (2.8%) by the CS supple-
mentation to low energy diets may reduce
the difference with the control.

The CS supplement was composed
of several enzymes including α-1,6-
galactosidase, β-1,4-mannanase, and
β-1,4-mannosidase. The improvement in
digestibility and growth may be due to
successful degradation of flatulence pro-
ducing compounds in the GIT [12]. Early
studies indicate that the supplementation
of a single enzyme targeting only a part of
flatulence producing compounds did not
improve digestibility [25]. This may be due
to incomplete digestion of flatulence pro-
ducing compounds in the feed. All three
enzymes are required for the complete
digestion of β-galactomannans [18, 19]
indicating that the complete digestion
of β-galactomannans, as an example
of flatulence producing compounds,
requires all three enzymes including
α-1,6-galactosidase, β-1,4-mannanase,
and β-1,4-mannosidase.

It can be argued that the flatulence
producing compounds may provide some
benefit to pigs due to the volatile fatty
acids (VFA) produced from their fermen-

tation by microorganisms in the GIT. Kass
et al. [10] demonstrated that microbial fer-
mentation can provide up to 12% of ME re-
quired by pigs weighing 90 kg when they
were fed a diet with up to 60% alfalfa meal.
The results of Exp. 2 and 3 suggest that in-
creased digestion of flatulence producing
compounds in the foregut, due to CS ad-
dition, outweighs the possible benefit from
VFA production in the hindgut. However,
the actual amount of VFA production was
not measured in this study.

Standardized ileal digestibility of nu-
trients was measured by considering en-
dogenous losses of nutrients as de-
scribed [6]. The amounts of endogenous
amino acids from finisher pigs were nu-
merically lower (8%) than those obtained
by Stein et al. [21], even though body
weights of pigs were similar between the
current study (93.9 kg) and Stein et al. [21]
(111.7 kg). However, the diets used for
the measuring endogenous loss were dif-
ferent. Stein et al. [21] used a protein-
free diet whereas the current study used a
low-protein diet containing 5% casein. Fan
et al. [6] demonstrated that the amount of
endogenous amino acid or protein loss de-
creases as dietary protein content increases
indicating the use of protein-free diet to
measure the amount of endogenous amino
acid loss may cause overestimation.

Standardized ileal digestibility of amino
acids in soybean meal was the same be-
tween the control group of the current
study and Stein et al. [22] indicating the va-
lidity of digestibility coefficients obtained
from the current study. Addition of the car-
bohydrase supplement (0.05%) improved
(P < 0.05) standardized ideal amino acid
digestibility of soybean meal by 3.3%.

The CS supplement reduced the rate of
increase in ammonia emission from the
pig’s manure and reduced the average am-
monia concentration during the last 20 h
collection period in Exp. 4 even though
the average values of the entire 48 h col-
lection period were not different indicating
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that an extended period of ammonia col-
lection may increase the differences in av-
erage aerial ammonia concentrations. This
result may imply that the utilization of
dietary protein by pigs was improved or
excretion of pigs’ body protein was re-
duced. Based on the results from Exp. 1,
2, and 3, the decreased rate of aerial am-
monia emission can be explained by im-
proved amino acid digestibility and growth
performance. It can be argued that the im-
proved amino acid digestibility may in-
crease amino acid oxidation and therefore
increase nitrogen excretion through urine
if those absorbed amino acids are not ef-
ficiently used for tissue synthesis. In this
study, nitrogen content in urine was not
measured to answer this possible argu-
ment. However, the CS supplements not
only increased the amount of dietary amino
acid available as shown in Exp. 1, but also
benefited the tissue gain of pigs as shown
in Exp. 2 and 3 suggesting that the total
amount of nitrogen excreted through urine
and feces may be reduced as indicated by
the reduced increase of ammonia emis-
sion. Reduced microbial activity may also
help to reduce ammonia emission by de-
creasing urease activity. Microorganisms
in GIT secrete urease that will break down
urea into free ammonia [1]. Reduced mi-
crobial activity may reduce urease secre-
tion which, in turn, reduces ammonia emis-
sion from pigs’ manure. The results from
the current study are supported by Canh
et al. [4] and Mroz et al. [15] who mea-
sured ammonia emission from the manure
of pigs fed diets with nonstarch polysac-
charide (NSP) supplementation. Both stud-
ies indicated that in vitro ammonia emis-
sion per kg of manure is reduced by dietary
NSP supplementation. However, consider-
ing the amount of manure produced, the
total ammonia produced from the pigs fed
diets with NSP supplementation were be-
tween 65 and 118% more, depending on
NSP sources, than that from the pigs fed
the control diets indicating dietary NSP ac-

tually increased total ammonia production
from the pig manure.
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