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Abstract
The apparent total tract digestibility (ATTD) (trial 1) and the apparent (AID) and standardized (SID) ileal digestibility of the

amino acids (AAs) (trial 2) in sunflower meal (SM) were evaluated with the addition of exogenous multicarbohydrase (MC) and
phytase (Phy). A total of 80 28-day-old broilers were allotted in a completely randomized design to receive treatments up to 35
days of age. A 2 × 2 factorial design was used to determine the enzyme effects, on the ATTD of dry matter, nitrogen, calcium,
phosphorus, and fibre, energy use, and the AID and SID of AA, in five replicate cages. Synergic effect was identified between
MC and Phy on the ATTD of minerals and fibre. The same benefit occurred with the isolated inclusion of MC on the ATTD of dry
matter, nitrogen, and energy of SM. The effects of enzyme inclusion on the AID and SID of AAs in SM, established by comparing
the means, suggested a higher effect to the addition of MC + Phy combibation. Supplementation of MC or combination with
MC and Phy was a viable alternative to increase the ATTD of nutrients and energy. The addition MC + Phy higher AID and SID
of AA from SM.

Key words: amino acids, broilers, digestibility, enzymes, sunflower products

Résumé
La digestibilité apparente du tractus complet (ATTD——« apparent total tract digestibility »; expérience 1) et les digestibilités

iléales apparentes (AID —— « apparent ileal digestibility ») et normalisées (SID —— « standardized ileal digestibility ») des acides
aminés (AA) (expérience 2) dans le tourteau de tournesol (SM——« sunflower meal ») ont été évaluées avec l’ajout de multicar-
bohydrases (MC) et phytases (Phy) exogènes. Un total de 80 poulets à griller âgés de 28 jours ont été alloués dans un design
expérimental entièrement aléatoire pour recevoir les traitements jusqu’à 35 jours d’âge. Un design factoriel 2 × 2 a été utilisé
afin de déterminer les effets des enzymes sur l’ATTD des matières sèches, azote, calcium, phosphore, et fibres; l’utilisation
d’énergie et les AID et SID des AA, en cinq cages réplicats. Un effet synergique a été trouvé entre MC et Phy sur l’ATTD des
minéraux et des fibres. Le même avantage se trouvait avec l’inclusion isolée de MC sur l’ATTD des matières sèches, azote,
et énergie du SM. Les effets de l’inclusion d’enzyme sur les AID et SID des AA dans le SM, déterminés par comparaison des
moyennes, suggèrent une meilleure réponse à l’ajout de MC + Phy. Les suppléments de MC ou une combinaison de MC et Phy
sont une option alternative viable pour augmenter l’ATTD des éléments nutritifs et l’énergie. L’ajout de MC + Phy augmentait
davantage les AID et SID des AA provenant du SM. [Traduit par la Rédaction]

Mots-clés : acides aminés, poulets à griller, digestibilité, enzymes, produits du tournesol

Introduction
Sunflower meal (SM) is a by-product obtained after the ex-

traction of oil from sunflower seeds and is currently used as
a good source of crude protein in broiler nutrition (Bandegan
et al. 2011; Sredanovic et al. 2012; Dadalt et al. 2016). SM
contains approximately 33% crude protein and 17.64 MJ of
energy (Rostagno et al. 2017) and can be used as a partial re-

placement for soybean meal and corn to minimize the cost of
feed.

The main antinutritional factor in sunflower affecting
broiler diets is its high content of non-starch polysaccha-
ride (NSP) and phytates (Woyengo and Nyachoti 2011). In-
testinal transit time and nutrient use can be negatively af-
fected as the bird increases its NSP intake due to increased
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intestinal viscosity (Kiarie et al. 2016; Gallardo et al. 2020).
On the other hand, studies have shown that exogenous en-
zymes can increase the digestibility of vegetable ingredients
used as alternatives in the diets of poultry and swine. There-
fore, dietary supplementation with enzymes can increase
the efficiency of nutrient and energy utilization by non-
ruminants, based on apparent or standardized digestibility
assessments (Dadalt et al. 2017; Gallardo et al. 2020). Accord-
ing to Rostagno et al. (2017), SM is moderately rich in crude
fibre and NDF, whose digestion can be favoured by exoge-
nous enzyme supplementation——already considered a com-
mon practice to improve the use of plant ingredients with
high fibre content and unavailable phosphorous (Slominski
2011; Woyengo and Nyachoti 2011; Gallardo et al. 2018; Lu et
al. 2020).

As reported by Gallardo et al. (2020), the negative effects
of phytic acid, which limits the availability of phosphorous,
can be minimized with the use of phytase (Phy), whereas the
negative effects of fibre on digestion can be reduced by sup-
plementing with carbohydrases. Previous studies have shown
an improvement in nutrient use, energy, and digestibility
of amino acids (AAs) with the use of carbohydrates and
Phy in the diets of swine and broilers (Kong and Adeola
2011; Dadalt et al. 2017; Gallardo et al. 2020; Trindade et al.
2020).

Thus, we evaluated the nutritional and energy balance and
the digestibility of the AAs in SM, in the presence or absence
of multicarbohydrases (MC) and Phy in broilers from 28 to 35
days of age.

Materials and methods
All the research methods and procedures were approved by

the ethics committee for the use of animals at the São Paulo
State University “Júlio de Mesquita Filho”, UNESP——School of
Veterinary Medicine and Animal Science——FMVZ, Botucatu/SP
(registration No. 0094/2018), Brazil, and were followed ac-
cording to animal welfare. The methodology was described
in detail by Gallardo et al. (2020).

SM and enzymes
The SM used for this study was obtained from Hi-Tech

Feeds, Pelotas, Rio Grande do Sul, Brazil, and its chemical
composition is shown in Table 1. The nutritional composi-
tion of the SM was similar to that described by Rostagno et
al. (2017).

The enzymes used were an MC blend described as En-
dopower Beta; certificate analysis indicated minimum guar-
anteed enzyme activities: galactosidase 35 units/g, galac-
tomannanase 110 units/g, xylanase 1500 units/g, beta-
glucanase 1100 units/g (GNC Bioferm Inc., Saskatoon, SK,
Canada). Phy described as Genophos, analysed by col-
orimetric method, ISO 30024, “Animal Feeding Stuffs——
Determination of Phytase Activity: 13 790.39 FTU/g", CBO, Val-
inhos, Brazil. Additional technical information was provided
by Uniquimica, São Paulo, Brazil.

Table 1. Nutrient composition (as-fed basis) of the sun-
flower meal used in the study.

Nutrient component (%) Sunflower meal

Dry matter 90.96

Crude protein 33.24

Gross energy (MJ/kg) 17.75

Fat 4.87

Calcium 0.60

Phosphorous 1.01

Neutral detergent fibre 32.09

Essential amino acids (%)

Arginine 2.06

Histidine 0.59

Isoleucine 1.03

Leucine 1.56

Lysine 0.78

Methionine 0.44

Phenylalanine 1.29

Threonine 0.87

Tryptophan 1.02

Valine 1.26

Non-essential amino acids (%)

Alanine 1.60

Aspartic acid 3.20

Cystine 0.60

Glutamine 6.68

Glycine 2.05

Proline 1.35

Serine 1.50

Tyrosine 0.87

Diets and experimental design
The apparent total tract digestibility (ATTD) (trial 1) and

the apparent (AID) and standardized (SID) ileal digestibil-
ity of the AAs (trial 2) of SM were evaluated with the ad-
dition of exogenous MC and Phy. A total of 80 male broil-
ers, at 28 days of age, were allotted in a completely ran-
domized design to receive treatments up to 35 days of age.
All the experiments were conducted in a completely ran-
domized design in a 2 × 2 factorial arrangement of treat-
ments (5 replicate cages and 16 birds per treatment). The fac-
tors were MC (0 and 200 mg/kg) and Phy (0 and 50 mg/kg).
Basal diets used for an additional group of 24 birds kept in
6 cages were used to determine the enzyme effects, alone or
in combination. A basal corn diet (BD1) was used for ATTD
determination, and a cornstarch basal diet (BD2) containing
5% casein was used to estimate endogenous losses and the
SID of AAs, as described in Gallardo et al. (2020). The test
diets were made by mixing BD and SM in an 8:2 (wt/wt)
ratio.

From 21 days of age, the birds were fed with experimental
diets until the beginning of the experiment. In trial 1 (days 28
to 33), the birds received diet mash, where excreta were col-
lected, and from day 34 to day 35 (trial 2), the birds received a
new pelleted diet until slaughter at the end of the experimen-
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Table 2. Composition of diets, as-fed basis (g/kg diet).

Total collectiona
Ileal collection

dietb

Ingredients Basal diet (BD1) Basal diet (BD2)

Yellow corn 850.1 ——

Amido —— 502.7

Soybean oil 20.0 12.0

Choline chloride 60 0.2 0.2

Salt 2.5 3.2

Sodium bicarbonate 3.8 3.5

Limestone 8.1 6.9

Bicalcium phosphate 24.0 23.7

Cellulose 50.0 50.0

Dextrose —— 300.0

Casein —— 50.0

Chromic oxide —— 3.0

Vitamin-mineral
premixc

5.0 5.0

Kaolind 36.3 39.8

Total 1000 1000

Calculated
composition

Dry matter 888.0 929.3

Crude protein 67.0 42.1

Calcium 9.2 8.6

Available
phosphorous

4.0 3.4

Metabolizable energy
(MJ/kg)

12.77 12.98

Sodium 2.2 2.2

Choline (mg/kg) 2000 1900

Linoleic acid 26.8 6.3

aCorn-based diet.
bCornstarch and casein diet.
cVitamin–mineral premix per kg of feed: vitamin A 9000 IU; vitamin D3 1600
IU; vitamin E 14 IU; vitamin K3 15 mg; vitamin B1 1 mg; vitamin B2 4 mg;
pantothenic acid 8.28 mg; vitamin B6 18 mg; vitamin B12 12 μg; niacin 0
03 mg; folic acid 0.3 mg; biotine 0.05 mg; Se 0.25 mg; Cu 9 mg; Fe 30 mg; I
1 mg; Zn 60 mg; and Mn 60 mg.
dKaolin: mineral kaolinite, used as inert ingredient to adjust the formulation
of diet.

tal period, when the ileal content was collected. Chromium
oxide III (Cr2O3) was added at 0.3% to all the diets as an indi-
gestible marker. In trials 1 and 2, all the diets (Table 2) were
supplemented with vitamins and minerals, meeting the nu-
tritional requirements of broilers in the growth phase as rec-
ommended by Rostagno et al. (2017).

In trial 1, to assess the balance of nutrients and the appar-
ent metabolizable energy (EMA) in the SM, samples of excreta
were collected twice a day (08:00 and 17:00) for five consec-
utive days. To determine the digestibility coefficients of the
AAs in trial 2, all birds were weighed and slaughtered for ileal
collection in the last 10 cm, before the 2 cm proximal to the
ileocecal junction. Prior to analysis, excreta were stored in
a freezer at −20 ◦C, and at the end of the experiment, they
were homogenized and freeze-dried.

At 35 days of age, five birds per treatment were collected,
and liver and pancreas weights were taken to determine the

relative weights of these organs in relation to the post-fasting
weight, expressed as a percentage. The following equation
was usedreviewed:

Relative organ weight

= (organ weight/postfasting weight) × 100

Sample analyses and data processing
The excreted and ileal samples were freeze-dried for 72 h

at −40 ◦C (LH 0401, Terroni, São Carlos, Brazil) as described
by Gallardo et al. (2017), showing the procedures of the di-
ets, SM, excreta, and ileal digesta samples that were finely
milled and analysed, according to the Association of Offi-
cial Analytical Chemists (AOAC 2005) for determinations of
dry matter (DM), gross energy (GE), nitrogen (N), calcium
(Ca), phosphorous (P), and neutral detergent fibre (NDF). Test
diets and ileal digesta samples were processed and anal-
ysed to determine the digestibility coefficients of AAs as de-
scribed by Gallardo et al. (2017). Tryptophan was determined
by the colorimetric method of Spies (1967), using a stan-
dard curve of pure tryptophan (Merck, Germany), and de-
tected at 590 nm, with a spectrophotometer (DU-640 UV/Vis;
Beckman Coulter, Basking Ridge, NJ, USA). Cystine was ex-
pressed as cysteine. All the analyses were performed in
duplicate.

Calculations
As reported by Dadalt et al. (2017), all the formulas related

to apparent nutrient digestibility and AA digestibility (AID
and SID) were as follows:

Digestibility of nutrients (%) = 100 × [(NI − NOexcreta ) /NI]

where NI is the nutrient intake (g) and NOexcreta is the nutrient
output in excreta (g).

The retention of nutrients in SM was determined by the
difference method (Fan and Sauer 1995), with the corn-based
diet as the BD, using the following equation:

DA = (DD − (DB × DN)) /DSM

where DA is the retention of a nutrient (%) in an assay feed-
stuff (SM), DD is the digestibility of a nutrient (%) in the SM-
containing diet, DB is the digestibility of a nutrient (%) in the
corn-based diet, DN is the contribution of a nutrient (decimal
percentage) from corn to the assay diet, and DRB is the con-
tribution of a nutrient (decimal percentage) from SM in the
SM-based diet.

The apparent metabolizable energy (AME) content of the
SM was calculated according to the following equation
(Woyengo et al. 2010):

AME of SM (kcal/kg) = [(Gross energy retention for SM, %)

× (Gross energy content in SM, kcal/kg)] /100

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Animal-Science on 14 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0099


Canadian Science Publishing

574 Can. J. Anim. Sci. 102: 571–578 (2022) | dx.doi.org/10.1139/CJAS-2021-0099

The AID and SID (%) of AA were calculated using the follow-
ing formula (Nyachoti et al. 1997):

AID (%) = 100 − [
100 × (

AAdigesta × Cr2O3diet
)

/
(
AAdiet × Cr2O3digesta

)]

where AAdiet and AAdigesta are the AA content (mg/kg of DM) in
the diet and digesta, respectively, and Cr2O3diet and Cr2O3digesta

are the indigestible marker content (mg/kg of DM) in the diet
and digesta, respectively.

Apparent ileal AA digestibilities were standardized using
average values for basal endogenous AA losses calculated us-
ing the following formula (Nyachoti et al. 1997):

AAEL (g/kg) = AAdigesta × (
Cr2O3diet/Cr2O3digesta

)

where AAEL = average endogenous AA loss (g/kg of DM).
The SID of AA was calculated according to the following

equation as described by Opapeju et al. (2006):

SID (%) = [AIDAA + (AAEL/AAdiet )] × 100

Statistical analysis
The GLM procedure of SAS (Statistical Analysis System

2014, version 9.4) was used to determine the main effects of,
and interaction between, MC and Phy. The homogeneity of
variances was evaluated by the Shapiro–Wilk test (UNIVARI-
ATE procedure). The statistical model used was

Yij = μ + ai = bj + (
ai × bj

) + eij

where Yij = variable response of broilers fed with MC and Phy;
μ = overall mean; ai = MC effect; bj = Phy effect; (ai × bj)
= interaction between MC and Phy; eij = error contribution
with average 0 and variance σ2, I = 1, …, a, and j = 1, …, b.
Significance was accepted at P < 0.05.

Results
The effects of the treatments on nutrient balance and AME

in broilers from 28 to 33 days of age, fed SM supplemented
with MC and Phy, are shown in Table 3, and the AA content
used to determine AID and SID in Tables 4 and 5. There was
an interaction effect between MC and Phy on the AID of Ca
(P = 0.03), P (P = 0.01), and NDF (P = 0.01). Isolated inclusion
of carbohydrase indicated favourable effects (P < 0.05) on the
AID of DM and N as well as energy use. In relation to Phy,
there were no effects (P > 0.05).

The coefficients of apparent and standardized digestibility
of the AAs in SM, supplemented or not with MC and Phy, are
shown in Tables 4 and 5, respectively. The general results in-
dicate that the isolated or combined supplementation of MC
and Phy positively influenced (P < 0.05) the AID and SID co-
efficients of the SM AAs. The average values of apparent and
standardized digestibility of the 17 AAs of SM were as follows:
87.36% and 95.93% without enzyme, 90.88% and 96.23% with
MC, 89.92% and 95.98% with Phy, and 89.62% and 96.56% with
MC + Phy.

Liver and pancreas weights, relative to body weight, are
shown in Table 6. Regarding the effects of the inclusion of en-
zymes on the body weight of birds and the relative weights
of the liver and pancreas, the differences were not significant
(P > 0.05).

Discussion
The chemical composition of the diets was different from

those found according to the Nutrient Requirements for Poul-
try (), except for the Ca (0.60%) and P (1.01%); however, they
were close to those found by Rostagno et al. (2017) for CP
(33.24%), GE (17.75 MJ/kg), Ca (0.60%), and P (1.01%), as well
as the AA profile of SM. Variations in AA composition and
digestibility are related to the intrinsic characteristics of
each ingredient, type of crop, processing method, protein
fractions, as well as differences in the AA profile (Dadalt
et al. 2016). Despite the differences in chemical composi-
tion, as stated in the literature, studies reported positive ef-
fects on the digestibility of different plant by-products when
supplementing exogenous enzymes in the diets of broiler
chickens (Barekatain et al. 2014; Liu et al. 2015; Amerah
et al. 2017). Some studies indicated an increase in AA di-
gestibility, apparent nitrogen balance, and energy of plant
ingredients in broilers and swine that received exogenous
enzymes (Gallardo et al. 2017, 2018, 2020; Trindade et al.
2020).

The enzymes carbohydrase and Phy have specific mecha-
nisms of action; therefore, their positive effects were due to
the availability of a substrate for each enzyme. The action
of carbohydrases ruptures cell walls, increasing nutrient di-
gestibility (Gallardo et al. 2020). The favouring of digestion by
the action of carbohydrases could be associated with a reduc-
tion of intestinal viscosity and loss of nutrients as nitrogen
for the environment, which would be a complementary ben-
efit of enzyme dietary supplementation (Zijlstra et al. 2004;
Gallardo et al. 2020).

In a study on broilers, Gallardo et al. (2017) reported that
NSP and phytates are harmful antinutritional compounds in
poultry feed. According to Egli et al. (2002), each kilogram of
SM is composed of, on average, 4–64 g phytates and 276 g of
NSP (Dusterhoft et al. 1997). The negative effects of NSP and
phytates are complex formation with other minerals, reduc-
tion of the absorption of nutrients, encapsulation of nutri-
ents, the reduction of the energy density of the feed and in-
creased intestinal viscosity. Therefore, increased nutrient and
energy retention is associated with total or partial degrada-
tion of these antinutritional compounds. In this case, the di-
etary addition of exogenous enzymes increases the digestibil-
ity and use of nutrients in plant ingredients, by reducing the
viscosity of the digesta showing better absorption of miner-
als.

Research focused on the use of the enzymes xylanase and
glucanase in broilers increases the efficiency of digestibil-
ity and availability of SM. According to Sorensen (1996) and
Fafiolu et al. (2015), the presence of xylanase and glucanase
in SM-based broiler diets increased the use of nutrients and
energy, in comparison with a diet without enzyme supple-
mentation. There are few studies in the literature evaluating
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Table 3. Apparent nutritional balance of sunflower meal, combined or not with enzymes, for broilers at 35 days old (g/kg).

Phyb 0 Phy 50

SEMc

Pd

Item MCa 0 MC 200 MC 0 MC 200 MC Phy MC × Phy

Dry matter 768.4 791.1 763.4 780.2 0.369 0.001 0.061 0.483

Nitrogen 756.2 767.3 744.6 763.8 0.467 0.005 0.098 0.365

AME (MJ/kg) 8.43 9.09 8.38 8.90 29.414 0.001 0.216 0.492

Calcium 715.1 773.5 683.8 799.1 1.183 0.001 0.806 0.028

Phosphorous 372.2 573.5 469.3 760.0 0.559 0.001 0.001 0.001

NDF (%) 478.2 488.2 443.5 532.4 0.517 0.001 0.415 0.001

ME/GE 435.4 469.3 431.7 456.9 0.636 0.001 0.214 0.492

Note: N = 5 replicate cages, as dry matter basis. AME, apparent metabolizable energy; NDF, neutral detergent fibre.
aMC, multicarbohydrase level (0 and 200 mg/kg of diet), (200 mg/kg of MC contains 700 U of alpha-galactosidase, 2200 U of galactomannanase, 30 000 U of xylanase, and
22 000 U of beta-glucanase per kilogram of diet).
bPhy, phytase level (0 and 50 mg/kg of diet).
cSEM, standard error of mean.
dEffect of MC, multicarbohydrase, Phy, phytase, and interaction MC × Phy, respectively.

Table 4. Apparent ileal digestibility of the amino acids of sunflower meal, combined or not with enzymes, for broilers at 35
days old.

Phyb 0 Fitase 50

SEMc

Pd

Item∗ MCa 0 MC 200 MC 0 MC 200 MC Phy MC × Phy

Essential amino acids (%)

Arginine 92.48 94.65 94.34 94.84 1.010 0.039 0.010 0.086

Histidine 93.12 95.06 94.92 94.71 0.804 0.050 0.028 0.009

Isoleucine 83.69 87.28 88.15 85.85 1.708 0.050 0.412 0.001

Leucine 88.13 92.05 91.82 91.26 1.171 0.014 0.006 0.001

Lysine 87.10 91.23 88.18 86.90 1.792 0.095 0.061 0.004

Methionine 93.57 94.13 95.21 93.03 1.478 0.685 0.239 0.050

Phenilalanine 92.31 94.15 94.21 94.82 1.025 0.104 0.002 0.027

Threonine 85.00 89.69 89.00 89.11 1.742 0.043 0.007 0.010

Tryptophan 83.94 86.17 82.47 87.65 0.829 0.076 0.004 0.031

Valine 89.17 91.97 91.69 91.33 1.450 0.167 0.078 0.027

Non-essential amino acids (%)

Alanine 89.81 93.10 92.34 92.22 1.310 0.188 0.018 0.012

Aspartic acid 86.61 91.18 90.47 90.51 1.527 0.033 0.004 0.004

Glutamine 91.98 93.68 93.95 93.41 1.149 0.118 0.277 0.045

Glicine 84.24 86.15 87.25 84.67 1.563 0.289 0.636 0.005

Proline 77.09 86.63 78.11 78.25 1.879 0.001 0.001 0.001

Serine 77.13 84.85 84.25 83.17 2.129 0.012 0.003 0.001

Tyrosine 89.73 93.02 92.28 91.85 1.522 0.326 0.050 0.015

Note: N = 5 replicates cages.
∗As dry matter basis.
aMC, multicarbohydrase level (0 and 200 mg/kg of diet) (200 mg/kg of MC contains 700 U of alpha-galactosidase, 2200 U of galactomannanase, 30 000 U of xylanase, and
22 000 U of beta-glucanase per kilogram of diet).
bPhy, phytase level (0 and 50 mg/kg of diet).
cSEM, standard error of mean.
dEffect of MC, multicarbohydrase, Phy, phytase, and interaction MC × Phy, respectively.

the effect of carbohydrate and Phy addition on the digestibil-
ity of SM in broilers.

The positive effect on the balance of nutrients and energy
use may be directly associated with the supplementation of
the enzymes Phy and carbohydrases. Our results showed that
the combination of enzymes increased (P < 0.05) the AID of
SM nutrients and AAs. The mechanism of releasing encap-
sulated nutrients by breaking the cell walls of SM may ex-
plain the positive effect of enzymes such as Phy and carbohy-
drases by decreasing the intestinal viscosity, stabilizing mu-

cus production by decreasing water absorption, and allowing
endogenous enzymes to interact with their respective sub-
strates (Slominski 2011).

The pronounced effect of the use of exogenous enzymes on
calcium and phosphorous retention ratifies the increase in
availability with the hydrolysis of the phytate–mineral com-
plex (Dadalt et al. 2017). Therefore, effects on phosphorous
and calcium were expected, as noted by Gallardo et al. (2020)
and Trindade Neto et al. (2020), when supplementing test di-
ets for poultry and piglets, respectively, with Phy and carbo-
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Table 5. Standardized digestible coefficient of amino acids in sunflower meal, combined or not with enzymes, in broilers at
35 days old.

Phyb 0 Phy 50

SEMc

P d

Item∗ MCa 0 MC 200 MC 0 MC 200 MC Phy MC × Phy

Essential amino acids (%)

Arginine 96.07 97.80 97.54 96.12 1.043 0.084 0.028 0.228

Histidine 96.82 97.79 97.84 96.60 0.802 0.097 0.125 0.110

Isoleucine 96.19 96.88 98.16 98.79 1.523 0.234 0.527 0.453

Leucine 95.72 96.72 96.14 95.96 1.478 0.118 0.023 0.119

Lysine 95.22 97.89 97.90 97.24 1.609 0.055 0.052 0.126

Methionine 98.86 98.98 98.41 98.17 1.363 0.922 0.318 0.770

Phenilalanine 96.90 97.86 98.21 97.68 1.024 0.105 0.006 0.122

Threonine 97.63 97.30 97.10 97.06 1.547 0.112 0.060 0.248

Tryptophan 87.02 89.32 82.59 93.74 0.829 0.067 0.001 0.004

Valine 96.66 98.24 97.49 98.99 1.146 0.034 0.401 0.044

Non-essential amino acids (%)

Alanine 95.01 97.10 97.65 96.01 1.341 0.139 0.035 0.108

Aspartic acid 95.79 96.70 96.38 97.24 1.520 0.029 0.012 0.039

Glutamine 98.74 98.19 98.70 98.60 0.997 0.083 0.492 0.551

Glicine 89.87 90.57 92.01 93.86 1.623 0.335 0.338 0.048

Proline 92.27 94.05 92.81 95.63 1.440 0.761 0.040 0.007

Serine 96.35 96.59 97.28 97.43 1.424 0.012 0.100 0.005

Tyrosine 96.61 96.85 97.46 97.68 1.159 0.030 0.223 0.010

Note: N = 5 replicates cages.
∗As dry matter basis.
aMC, multicarbohydrase level (0 and 200 mg/kg of diet), (200 mg/kg of MC contains 700 U of alpha-galactosidase, 2200 U of galactomannanase, 30 000 U of xylanase, and
22 000 U of beta-glucanase per kilogram of diet).
bPhy, phytase level (0 and 50 mg/kg of diet).
cSEM, standard error of mean.
dEffect of MC, multicarbohydrase, Phy, phytase, and interaction MC × Phy, respectively.

Table 6. Relative weight of organs of broilers at 35 days of age, fed with sunflower meal supplement or not, multicarbohydrase,
and phytase.

Phyb 0 Phy 50 P d

Item MCa 0 MC 200 MC 0 MC 200 SEMc MC Phy MC × Phy

Initial BW (g)e 45 45 45 45 —— —— —— ——

Final BW (g) 1500 1585 1548 1544 56.247 0.640 0.092 0.313

Liver/BWf 30.0 39.4 31.4 32.9 0.001 0.406 0.095 0.099

Pancreas/BWf 1.5 1.6 1.6 1.6 7.280 0.234 0.234 0.096

Note: N = 5 replicates cages.
aMC, multicarbohydrase level (0 and 200 mg/kg of diet), (200 mg/kg of MC contains 700 U of alpha-galactosidase, 2200 U of galactomannanase, 30 000 U of xylanase, and
22 000 U of beta-glucanase per kilogram of diet).
bPhy, phytase level (0 and 50 mg/kg of diet).
cSEM, standard error of mean.
dEffect of MC, multicarbohydrase, Phy, phytase, and interaction MC × Phy, respectively.
eBW, body weight.
fRelative to body weight.

hydrases. In this sense, the use of Phy can positively impact
animal performance by increasing the release and absorption
of phosphorous and the use of energy (Wu et al. 2015). Fur-
thermore, given its high capacity to bind nutrients, it must be
considered that Phy also reduces mineral availability in the
gastrointestinal tract. Thus, the inclusion of Phy not only con-
tributes to the release of phytic phosphorous but also allows
calcium and other minerals, energy, and nitrogen to partic-
ipate in the same complex (Emiola et al. 2009; Gallardo et
al. 2018). A study on the digestibility of SM in broilers supple-
mented with an enzyme complex of cellulase, beta-glucanase,

xylanase, and Phy showed a significant (P < 0.05) improve-
ment in the apparent coefficients of calcium and phospho-
rous and the use of energy, as was observed in the present
research (Taverani et al. 2010).

Therefore, the combined action of enzymes can provide
greater use of nutrients and increase animal performance
(Cowieson et al. 2017; Dadalt et al. 2017). However, the antin-
utritional factors of SM limit the action of endogenous en-
zymes, increasing AA losses and impairing AA digestibility
(Bao et al. 2013). As reported by Li et al. (1996), NPS-degrading
enzymes can hydrolyse cell wall compounds, reducing vis-
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cosity in the intestine and increasing the digestibility of
AAs.

Regarding AA digestibility, the combination MC + Phy pro-
vided better results for the apparent and standardized coef-
ficients, which may be associated with greater hydrolysis of
NPS. The increase in standardized digestibility with the in-
clusion of enzymes stood out in comparison with SM with-
out enzyme and, for some AAs, also in comparison with the
isolated inclusion of MC or Phy. The positive effects on AA
digestibility found in the present study are in line with the
findings of Ravindran et al. (1999) and Gallardo et al. (2018,
2020). The increase in AA digestibility depends, in addition
to enzyme activity, on substrate availability, which allows the
use of these and other nutrients of the test ingredient (Emiola
et al. 2009). Generally, foods with a higher amount of NPS re-
spond better to carbohydrate supplementation (Adeola and
Cowieson 2011), as suggested by the chemical composition of
SM, as to the more pronounced action of MC compared with
Phy on the digestibility of AA. When comparing the supply of
some fibrous feeds for birds, Borges et al. (2005) found that
fibre content and type promoted increases in endogenous se-
cretions, underestimating AA digestibility. However, the in-
clusion of exogenous enzymes could reduce the endogenous
losses of AA, improving the digestibility of nitrogen and AA.
On the other hand, studies have shown that both fibre and
phytate increase the production of intestinal mucin and in-
directly increase losses of endogenous AAs, which may affect
the digestibility of AAs (Adeola and Cowieson 2011; Woyengo
and Nyachoti 2011; Sredanovic et al. 2012). Therefore, the ef-
fect of the interaction of MC and Phy on the SID of AAs could
be associated with decreased mucin production, due to the
reduction of the NSP of SM. According to Nian et al. (2011),
mucin should also be considered a main source of endoge-
nous carbohydrates in the digesta.

In the complementary assessment of liver and pancreas
weights, relative to body weight, the intent was to evaluate
possible responses of these organs to the SM digestion pro-
cess in the presence or absence of MC and Phy, since such
information is scarce. Broilers fed with SM supplemented
with exogenous enzymes showed higher liver and pancreas
weights than the birds of the control group, which can be
attributed to the positive effects of enzymes on nutrient ab-
sorption via fibre degradation and reduction of the secretory
activity of these organs (Veldman and Vahl 1994). In addi-
tion, the presence of exogenous enzymes in the diet could
be related to the increased availability and absorption of nu-
trients, decreasing endogenous enzymatic activity (Wu et al.
2004). However, Gallardo et al. (2017, 2018) found no effects
of Phy and carbohydrates on the weight of these organs in
broiler chicks.

Conclusions
Supplementation with MC or a combination of MC and Phy

was a viable alternative to increase the ATTD of nutrients and
energy use in broilers fed SM. The addition of MC and Phy
resulted in higher apparent and standardized digestibility of
AAs from SM.

Acknowledgements
The authors thank the São Paulo State Research Foundation
(FAPESP), for funding this research (2016/07352-8). The au-
thors also thank Uniquimica (São Paulo, Brazil) for providing
supplemental enzymes. This study also was financed in part
by the Coordination for the Improvement of Higher Educa-
tion Personnel——Brazil (CAPES)——finance code 001.

Article information

History dates
Received: 28 September 2021
Accepted: 31 March 2022
Accepted manuscript online: 13 May 2022
Version of record online: 15 November 2022

Copyright
© 2022 The Author(s). Permission for reuse (free in most
cases) can be obtained from copyright.com.

Author information

Competing interests
The authors declare that they have no conflict of interest re-
garding the publication of the paper and the dissemination
of the results obtained.

References
Adeola, O., and Cowieson, A.J. 2011. Opportunities and challenges in us-

ing exogenous enzyme to improve non ruminant animal production.
J. Anim. Sci. 89: 3189–3218. doi:10.2527/jas.2010-3715.

Amerah, A.M., Romero, L.F., Awati, A., and Ravindran, V. 2017. Effect
of exogenous xylanase, amylase, and protease as single or combined
activities on nutrient digestibility and growth performance of broil-
ers fed corn/soy diets. Poult. Sci. 96: 807–816. doi:10.3382/ps/pew297.
PMID: 27591284.

AOAC. 2005. Official methods of analysis. 18th ed. Association of Official
Analytical Chemists, Gaithersburg, MD.

Bandegan, A., Golian, A., Kiarie, E., Payne, R.L., Crow, G.H., Guenter, W.,
and Nyachoti, C.M. 2011. Standardized ileal amino acid digestibility
in wheat, barley, pea and flaxseed for broiler chickens. Can. J. Anim.
Sci. 91: 103–111. doi:10.4141/CJAS10076.

Bao, Y.M., Romero, L.F., and Cowieson, A.J. 2013. Functional patterns of
exogenous enzymes in different feed ingredients. World’s Poult. Sci.
J. 69: 759–774. doi:10.1017/S0043933913000792.

Barekatain, M.R., Noblet, J., Wu, S.B., Iji, P.A., Choct, M., and Swick, R.A.
2014. Effect of sorghum distillers dried grains with solubles and mi-
crobial enzymes on metabolizable and net energy values of broiler
diets. Poult. Sci. 93: 1–9. doi:10.3382/ps.2013-03766.

Borges, F.M.O., Rostagno, H.S., Saad, C.E.P., Lara, L.B., and Teixeira, E.A.
2005. Efeito do nivel de ingestão sobre a digestibilidade dos aminoáci-
dos em frangos de corte. Cienc. Agrotecnol. 29: 444–452. doi:10.1590/
S1413-70542005000200024.

Cowieson, A.J., Ruckebusch, J.P., Sorbara, J.O.B., Wilson, J.W., Guggen-
buhl, P., and Roos, F.F. 2017. A systematic view on the effect of phytase
on ileal amino acid digestibility in broilers. Anim. Feed Sci. Technol.
225: 182–194. doi:10.1016/j.anifeedsci.2017.01.008.

Dadalt, J.C., Gallardo, C., Polycarpo, G.V., Budiño, F.E.L., Rogiewicz, A.,
Berto, D.A., and Trindade Neto, M.A. 2016. Ileal amino acid digestibil-
ity of broken rice fed to postweaned piglets with or without multicar-
bohydrase and phytase supplementation. Asian–Australas. J. Anim.
Sci. 29: 1483–1489. doi:10.5713/ajas.15.0855.

Dadalt, J.C., Gallardo, C., Polycarpo, G.V., Berto, D.A., and Trindade Neto,
M.A. 2017. Ileal amino acid digestibility in micronized full fat soybean

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Animal-Science on 14 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0099
https://marketplace.copyright.com/rs-ui-web/mp
http://dx.doi.org/10.2527/jas.2010-3715
http://dx.doi.org/10.3382/ps/pew297
https://pubmed.ncbi.nlm.nih.gov/27591284
http://dx.doi.org/10.4141/CJAS10076
http://dx.doi.org/10.1017/S0043933913000792
http://dx.doi.org/10.3382/ps.2013-03766
http://dx.doi.org/10.1590/S1413-70542005000200024
http://dx.doi.org/10.1016/j.anifeedsci.2017.01.008
http://dx.doi.org/10.5713/ajas.15.0855


Canadian Science Publishing

578 Can. J. Anim. Sci. 102: 571–578 (2022) | dx.doi.org/10.1139/CJAS-2021-0099

meal and textured soy flour fed to piglets with or without multicarbo-
hydrase and phytase supplementation. Anim. Feed Sci. Technol. 229:
106–116. doi:10.1016/j.anifeedsci.2017.05.006.

Dusterhoft, E.M., Posthumus, M.A., and Voragen, A.G.J. 1997. Non-starch
polysaccharides from sunflower (Heliantus annus) meal and palm
kernel (Elaeis guinensis) meal investigation of the structure of ma-
jor polysaccharides. J. Sci. Food Agric. 59: 151–388. doi:10.1002/jsfa.
2740590204.

Egli, I., Davidsson, L., Juillerat, M.A., Barclay, D., and Hurrell, R.J. 2002.
The influence of soaking and germination on the phytase activity and
phytic acid content of grains and seeds potentially useful for comple-
mentary feeding. J. Food Sci. 67: 3484–3488. doi:10.1111/j.1365-2621.
2002.tb09609.x.

Emiola, I.A., Opapeju, F.O., Slominski, B.A., and Nyachoti, C.M. 2009.
Growth performance and nutrient digestibility in pigs fed wheat dis-
tillers dried grains with solubles-based diets supplemented with a
multicarbohydrase enzyme. J. Anim. Sci. 87: 2315–2322. doi:10.2527/
jas.2008-1195.

Fafiolu, A.O., Oduguwa, O.O., Adebayo, J., and Alabi, J. 2015. Assessment
of enzyme supplementation on growth performance and apparent
nutrient digestibility in diets containing undecorticated sunflower
seed meal in layer chicks. Poult. Sci. 84: 1917–1922. doi:10.3382/ps/
pev136.

Fan, M.Z., and Sauer, W.C. 1995. Determination of apparent ileal amino
acid digestibility in barley and canola meal for pigs with the di-
rect, difference, and regression methods. J. Anim. Sci. 73: 2364–2374.
doi:10.2527/1995.7382364x.

Gallardo, C., Dadalt, J.C., Kiarie, E., and Trindade Neto, M.A. 2017. Effects
of multi-carbohydrase and phytase on standardized ileal digestibility
of amino acids and apparent metabolizable energy in canola meal fed
to broiler chicks. Poult. Sci. 96: 3305–3313. doi:10.3382/ps/pex141.

Gallardo, C., Dadalt, J.C., and Trindade Neto, M.A. 2018. Nitrogen reten-
tion, energy, and amino acid digestibility of wheat bran, without or
with multicarbohydrase and phytase supplementation, fed to broiler
chickens. J. Anim. Sci. 96: 2371–2379. doi:10.1093/jas/sky062.

Gallardo, C., Dadalt, J.C., and Trindade Neto, M.A. 2020. Carbohydrases
and phytase with rice bran, effects on amino acids digestibility and
energy use in broiler chickens. Animal, 14: 482–490. doi:10.1017/
S1751731119002131.

Kiarie, E., Walsh, M.C., and Nyachoti, C.M. 2016. Performance, digestive
function and mucosal responses to selected feed additives for pigs. J.
Anim. Sci. 94: 169–180. doi:10.2527/jas.2015-9835.

Kong, C., and Adeola, O. 2011. Protein utilization and amino acid di-
gestibility of canola meal in response to phytase in broiler chickens.
Poult. Sci. 90: 1508–1515. doi:10.3382/ps.2011-01363.

Li, S., Sauer, W.C., Huang, S.X., and Gabert, V.M. 1996. Effect of beta-
glucanase supplementation to hulless barley- or wheat–soybean meal
diets on the digestibilities of energy, protein, beta-glucans, and amino
acids in young pigs. J. Anim. Sci. 74: 1649–1656. doi:10.2527/1996.
7471649x.

Liu, S.Y., Selle, P.H., and Cowieson, A.J. 2015. Strategies to enhance the
performance of pigs and poultry on sorghum-based diets. Anim. Feed
Sci. Technol. 181: 1–14. doi:10.1016/j.anifeedsci.2013.01.008.

Lu, P., Wang, J., Wu, S., Gao, J., Dong, Y., Zhang, K., and Qi, G. 2020. Stan-
dardized ileal digestible amino acid and metabolizable energy con-
tent of wheat from different origins and the effect of exogenous xy-
lanase on their determination in broilers. Poult. Sci. 99: 992–1000.
doi:10.1016/j.psj.2019.10.013.

Nyachoti, C.M., Lange, C.F., and Schulze, H. 1997. Estimating endogenous
amino acid flows at the terminal ileum and true ileal amino acid di-
gestibilities in feedstuffs for growing pigs using the homoarginine
method. J. Anim. Sci. 75: 3206–3213. doi:10.2527/1997.75123206x.

Nian, F., Guo, Y.M., Ru, Y.J., Li, F.D., and Peron, A. 2011. Effect of
exogenous xylanase supplementation on the performance, net en-
ergy and gut microflora of broiler chickens fed wheat-based diets.
Asian–Australas. J. Anim. Sci. 24: 400–406. doi:10.5713/ajas.2011.
10273.

Opapeju, F.O.A., Golian, C.M., and Nyachoti, L.D. 2006. Amino
acid digestibility in dry extruded-expelled soybean meal fed to
pigs and poultry. J. Anim. Sci. 84: 1130–1137. doi:10.2527/2006.
8451130x.

Ravindran, V., Selle, P.H., and Bryden, W.L. 1999. Effects of phytase sup-
plementation, individually and in combination, with glycanase, on
the nutritive value of wheat and barley. Poult. Sci. 78: 1588–1595.
doi:10.1093/ps/78.11.1588.

Rostagno, H.S., Albino, L.F.T., Hannas, M.I., Donzele, J.L., Sakomura, N.K.,
Perazzo, F.G., et al. 2017. Tabelas brasileiras para aves e suínos: com-
posição de alimentos e exigências nutricionais. 4th ed. Universidade
Federal de Viçosa, Viçosa, MG.

SAS. 2014. Statistical analysis system, user’s guide. version 9.4. 3rd ed.
SAS Institute Inc, Cary, NC.

Slominski, B.A. 2011. Recent advances in research on enzymes for poul-
trydiets. Poult. Sci. 90: 2013–2023. doi:10.3382/ps.2011-01372.

Sorensen, P. 1996. Sunflower + enzymes = soybeans? New roles for ara-
binases, pectinases, and xylanases. Feed Int. 17: 24–28.

Spies, J.R. 1967. Determination of tryptophan in proteins. Anal. Chem.
39: 1412–1416. doi:10.1021/ac60256a004.

Sredanovic, S.A., Levic, J.D., Jovanovic, R.D., and Djuragic, O.M. 2012. The
nutritive value of poultry diets containing sunflower meal supple-
mented by enzymes. Acta Period. Technol. 43: 79–91. doi:10.2298/
APT1243079S.

Tavernari, F. C., Morata, R.L., Ribeiro Júnior, V., Albino, L.F.T., Dutra
Júnior, W.M., and Rostagno, H.S. 2010. Avaliação nutricional e en-
ergética do farelo de girassol para aves. Arq. Bras. Med. Vet. Zootec.
62: 172–177. doi:10.1590/S0102-09352010000100023.

Trindade Neto, M.A., Dadalt, J.C., and Gallardo, C. 2020. Nutrient and
energy balance, and amino acid digestibility in weaned piglets fed
wheat bran and an exogenous enzyme combination. Animal, 14: 1–
9. doi:10.1017/S1751731119002052.

Veldman, A., and Vahl, H. 1994. Xylanase in broiler diets with differences
in characteristics and content of wheat. Br. Poult. Sci. 35: 537–550.
doi:10.1080/00071669408417719.

Woyengo, T.A., and Nyachoti, C.M. 2011. Review: supplementation of
phytase andcarbohydrases to diets for poultry. Can. J. Anim. Sci. 91:
177–192. doi:10.4141/cjas10081.

Woyengo, T.A., Kiarie, E., and Nyachoti, C.M. 2010. Energy and amino
acid utilization in expeller-extracted canola meal fed to growing pigs.
J. Anim. Sci. 88: 1433–1441. doi:10.2527/jas.2009-2223.

Wu, D., Wu, S.B., Choct, M., and Swick, R.A. 2015. Comparison of phytases
on energy utilization of a nutritionally marginal wheat–soybean meal
broiler diet. Poult. Sci. 94: 2670–2676. doi:10.3382/ps/pev222.

Zijlstra, R.T., Li, S., Owusu-Asiedu, A., Simmins, P.H., and Patience, J.F.
2004. Effect of carbohydrase supplementation of wheat- and canola-
meal-based diets on growth performance and nutrient digestibility
in group-housed weaned pigs. Can. J. Anim. Sci. 84: 689–695. doi:10.
4141/A03-127.

Downloaded From: https://complete.bioone.org/journals/Canadian-Journal-of-Animal-Science on 14 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://dx.doi.org/10.1139/CJAS-2021-0099
http://dx.doi.org/10.1016/j.anifeedsci.2017.05.006
http://dx.doi.org/10.1002/jsfa.2740590204
http://dx.doi.org/10.1111/j.1365-2621.2002.tb09609.x
http://dx.doi.org/10.2527/jas.2008-1195
http://dx.doi.org/10.3382/ps/pev136
http://dx.doi.org/10.2527/1995.7382364x
http://dx.doi.org/10.3382/ps/pex141
http://dx.doi.org/10.1093/jas/sky062
http://dx.doi.org/10.1017/S1751731119002131
http://dx.doi.org/10.2527/jas.2015-9835
http://dx.doi.org/10.3382/ps.2011-01363
http://dx.doi.org/10.2527/1996.7471649x
http://dx.doi.org/10.1016/j.anifeedsci.2013.01.008
http://dx.doi.org/10.1016/j.psj.2019.10.013
http://dx.doi.org/10.2527/1997.75123206x
http://dx.doi.org/10.5713/ajas.2011.10273
http://dx.doi.org/10.2527/2006.8451130x
http://dx.doi.org/10.1093/ps/78.11.1588
http://dx.doi.org/10.3382/ps.2011-01372
http://dx.doi.org/10.1021/ac60256a004
http://dx.doi.org/10.2298/APT1243079S
http://dx.doi.org/10.1590/S0102-09352010000100023
http://dx.doi.org/10.1017/S1751731119002052
http://dx.doi.org/10.1080/00071669408417719
http://dx.doi.org/10.4141/cjas10081
http://dx.doi.org/10.2527/jas.2009-2223
http://dx.doi.org/10.3382/ps/pev222
http://dx.doi.org/10.4141/A03-127


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


