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Articulos cientificos

Produccidén de enzimas hemiceluloliticas por
fermentacion solida y su aplicacion en alimento
balanceado para pollo de engorda

Production of hemicellulolytic enzymes through solid
substrate fermentation and their application in the
production of balanced feed for broilers

Ignacio Lagunas Bernabé* Blanca E Garcia Aimendarez* Eduardo Castafo Tostado*
Carlos Regalado Gonzalez* Ernesto Avila Gonzalez**

Abstract

Agroindustrial by-products may be recycled to reduce environmental pollution, by incorporating them into solid substrate fer-
mentation (SSF) processes, where higher value-added products can be obtained. SSF can be carried out using coffee wastes
from the soluble coffee industry and corn cobs as substrates, and the filamentous fungi Aspergillus niger GS1, in order to produce
enzymatic complexes with hemicellulolytic activity. Two enzymatic extracts were obtained, one showing high mannanase (M)
activity while the other showed high xylanase (X) activity. These extracts were concentrated and mixed in a 1:1 (v/v) ratio (MX).
MX contained 143.6 U/mL of mannanase, and 268.7 U/mL of xylanase (1 U = pg of mannose and xylose released per min at 50°C,
from locust bean gum and oat spelt xylan as substrates, respectively). MX was added to soybean-sorghum-based diets contain-
ing a metabolizable energy (ME) and crude protein 3% lower than the one employed for broiler chicks kept in metabolic cham-
bers, over a period of 21 days. MX induced a significant increase (P < 0.05) in ME (2%) that was attributed to partial hydrolysis of
the hemicellulose available in the feed. Under commercial production conditions of broiler chicks (52 days), the addition of the
enzymatic extracts M and MX to the feed significantly improved (p < 0.05) body weight gain (BWG) and feed conversion index
(FCI), when compared to the use of a commercial enzymatic additive. The M extract gave the best results, with 3132 g of average
BWG and a FCl of 1.55, while the control feed produced 2931 g of BWG and a FCl of 1.70.

Key words: SOLID SUBSTRATE FERMENTATION, HEMICELLULOLYTIC ENZYMES, BROILERS.
Resumen

El aprovechamiento de los residuos agroindustriales puede contribuir a reducir la contaminacion ambiental mediante su
incorporaciéon a procesos como la fermentacién en estado sélido (FES), donde puedan obtenerse productos de mayor valor
agregado. La FES puede efectuarse con el uso de residuos del procesamiento de café soluble y olote de maiz, y el hongo
filamentoso Aspergillus niger GS1, para obtener complejos enzimaticos con actividad hemicelulolitica. Los extractos con actividad
principal de mananasa (M) y de xilanasa (X) se concentraron y mezclaron en proporcién 1:1 (v/v; MX). MX contenia 143.6 U/mL
de mananasa y 268.7 U/mL de xilanasa (1 U = ug de manosa y xilosa liberada por min, a 50°C, con harina de algarrobo y xilano
de avena como sustratos, respectivamente). Se aplicé MX en dietas a base de sorgo y soya, con energia metabolizable (EM) y
proteina cruda 3% menor ala empleada, para pollos de engorda mantenidos en jaulas metabdlicas durante 21 dias. La mezcla MX
indujo un incremento significativo (P < 0.05) de EM (2%), que se atribuy6 a la hidrdlisis parcial de la hemicelulosa del alimento.
Bajo condiciones de crianza comercial (52 dias), los extractos MX'y M mejoraron significativamente (P < 0.05) la ganancia de peso
(GP) y el indice de conversion (IC), con respecto a un aditivo enzimatico comercial. El aditivo enzimatico M proporcioné mejor
resultado con 3 132 g de GP promedio y un IC alimento/carne de 1.55, mientras que el alimento testigo produjo 2931 gde GP y
un ICde 1.70.
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Introduction

n important source of environmental pollution

comes from by-products that result from agro-

industrial activities. The added value of these
residues can be increased by using them as a source
of energy for the growth of microorganisms that bio-
transform them in order to obtain metabolites that
can be incorporated in the processing of feed des-
tined for human or animal consumption.

Solid substrate fermentation (SSF) consists of
growing microorganisms (mainly fungi) in humid
solid materials in the absence of free water, taking
care that all water present is adsorbed into the matrix
of the substrate."® SSF can be used for the produc-
tion of feed additives, animal feed, pharmaceutical
and agricultural products.”™

Coffee bagasse is derived from the production of
soluble coffee and contains approximately 45% (d.b.)
hemicellulose,’ mainly as galacto-gluco-mannan in a
1:2:2.6 molar ratio.” When used as substrate in SSF it
can induce the production of a hemicellulases com-
plex, mainly B-mannanase (mannan endo-1,4-B-man-
nosidase; EC 3.2.1.78) that randomly hydrolyses the
1,4-B-D-mannosidic linkages within the main mannan
and heteromannan chain producing manno-oligosac-
charides. The degree of hydrolysis depends on the
degree of substitution and distribution of the substi-
tutes.®

Corn cobs are an agricultural residue that has high
xylan content (34%, d.b.).” The SSF is useful as a sup-
port and substrate for inducing the secretion of xyla-
nases (endo-1,4-B-xylanase), that randomly hydrolyze
the 1,4-B-D-xylosidic linkages within the xylan chain.
The degree of hydrolysis depends on the number and
type of substitutes in the main chain." B-mannanase
and xilanase have been used for reducing the viscos-
ity in coffee extracts in the manufacturing of soluble
coffee," in the bio-bleaching of wood pulp for paper
production,'”” and in the clarification of fruit juice
and wines."

They have also been applied for reducing the non-
amylaceous fiber (NAF) of high protein value meals
such as soy and copra, used as balanced feed for poul-
try, which favors greater digestibility of the feed,'"'”as
well as greater energy bioavailability.'” Hemicelluloses
interfere with the bioavailability of nutriments; there-
fore, affecting productivity."”'® This is due to several
factors, among others the reduction in energy den-
sity; encapsulation that prevents, in part, the endoge-
nous enzymatic action of poultry; increase in viscosity
of the chime due to accumulation of water from the
soluble NAF (xylans, galacto-gluco-mannans, etc.),
that could decrease the intestinal transit and alter the

Introduccion

na fuente importante de contaminaciéon

ambiental proviene de los subproductos

resultantes de la actividad agroindustrial. El
valor agregado de estos residuos puede incrementarse
al utilizarlos como fuente de energia en el crecimiento
de microorganismos que los biotransformen, para
obtener metabolitos con posibilidad de incorporarse
en el procesamiento de alimentos destinados al
consumo humano o animal.

La fermentacion en estado solido (FES) consiste en
el crecimiento de microorganismos (principalmente
hongos) en materiales s6lidos himedos con ausencia
de agua libre, procurando que toda el agua presente
esté adsorbida en la matriz del sustrato."* La FES
puede utilizarse parala produccién de aditivos alimen-
tarios, alimento animal, productos farmacéuticos y
agricolas.”®

El bagazo de café se deriva de la produccion
de café soluble y contiene cerca de 45% (b. s.)
de hemicelulosa,’ principalmente galacto-gluco-
manano en relacién molar 1:2:2.6.” Al utilizarse como
sustrato en la FES, puede inducir la produccién
de un complejo de hemicelulasas, principalmente
B-mananasa (B-1,4-D-manan mananohidrolasa; EC
3.2.1.78), que hidroliza aleatoriamente los enlaces
1,4 B-D-manosidicos dentro de la cadena principal
de mananos y heteromananos, produciendo mano-
oligosacaridos. El grado de hidrdlisis depende del de
sustitucién y de la distribucién de los sustitutos.®

El olote constituye un residuo de origen agricola
que tiene alto contenido de xilano (34%, b. s.).
La FES es tutil como soporte y sustrato para inducir
secrecion de xilanasas (B-1,4-D-xilan xilanohidrolasa;
E.C.3.2.1.8),que hidrolizan aleatoriamente los enlaces
1,4 B-D-xilosidicos dentro de la cadena de xilano; el
grado de hidroélisis depende del nimero y tipo de
sustitutos de la cadena principal.’’ Las B-mananasas
y xilanasas se han usado para reducir la viscosidad
de extractos de café en la manufactura del café
soluble,' en el bioblanqueo de pulpas de madera para
la fabricacion de papel' y en la clarificacién de jugos
de frutas y vinos."

Ademas se han aplicado para reducir la fibra no
amildcea (FNA) de harinas de alto valor proteinico,
como soya y copra, usados en alimentos balanceados
para pollo, que favorece mayor digestibilidad de la
dieta,""” y mayor biodisponibilidad energética.'® Las
hemicelulosas interfieren con la biodisponibilidad
de nutrimentos afectando la productividad.™ Ello
se debe a varios factores, entre otros la reduccion
de densidad de energia; encapsulaciéon que impide,
en parte, la acciéon enzimatica endégena del pollo;



microflora present, or reduce the absorption of nutri-
ments and affect the assimilation of fatty acids and
amino acids."*

The world production of poultry meat between
1994 and 2001 increased on average of 5.3% annu-
ally, while the production in Mexico during the last
five years has increased at an annual rate of 5.8%.%
In Mexico, poultry production represents the main
vegetal to animal protein transforming industry. In
2003 an annual per capita consumption was estimated
at 22.4 kg of chicken, representing a 3.5% increase in
relation to the previous year.

This study was aimed to obtain hemicellulolytic
complexes with mannanase and xylanase activities
from SSF by using agro-industrial residues. It also
intended to assess the capacity of these enzymatic
extracts to increase the metabolizable energy and
improve the feed/meat conversion index, through par-
tial hydrolysis of the fiber in balanced feed for broil-
ers.

Material and methods
Fermentation conditions

We used the strain Aspergillus niger GSI isolated from
copra, from the culture collection of the Biotech-
nology Department of the Metropolitan Autonomous
University, Iztapalapa Unit, propagated in tubes with
potato dextrose agar (Bioxon, Cuautitlan, Mexico)
that were incubated at 30°C for four days and kept
refrigerated at 4°C. The strain was re-spread every
month in the same medium. We used low fat coffee
bagasse (5% d.b.) provided by the Aceites Especiales,
S.A. company in Toluca, Estado de Mexico, Mexico.
The corn cobs were obtained from agricultural land in
Jilotepec, Estado de Mexico, and ground in a Cemotec
1090 mill,* until 75% of the particles had a diameter
between 0.84 and 1.39 mm (they went through a Tyler
12 screen, but were retained in a Tyler 20). The fer-
mentations were carried out in a stainless steel, type
304, packed column bioreactor with a capacity for 12.1
L or 6.6 kg of humid substrate, constructed by the Bio-
technology Laboratory (Faculty of Chemistry, Auton-
omous University of Queretaro). For the SSF of
the coffee bagasse and corn cobs a complementary
liquid nutritional medium was added to the substrate
(g/L): glucose, 6; yeast extract, 15.8; (NH4)2SO4, 2.5;
KH2PO4, 2.4; MgSO4¢7H:20, 0.3; FeSO4¢7H20, 0.1;
CuSO4#5H20, 0.08; packing density, 0.45 g/cm?; inoc-
ulum 1 x 107 spores/g of dry substrate; air flow, 950
cm®/min; humidity, 55% (w/w); pH, 5.5; tempera-
ture, 30°C; and fermentation time, 48h.?

aumento en la viscosidad del quimo por acumu-
lacion de agua de la FNA soluble (xilanos,
galactoglucomananos, etc.), que disminuyen el transito
intestinal y alteran la microflora presente; o bien,
reducir la absorciéon de nutrimentos y afectar la
asimilacién de dcidos grasos y aminoacidos.'"*’

La producciéon mundial de carne de pollo entre
1994 y 2001 creci6 5.3% en promedio anual, mientras
que la produccién en México durante los ultimos
cinco anos ha crecido a un ritmo anual de 5.8%.* En
México, la avicultura representa la principal industria
transformadora de proteina vegetal a animal; en 2003
se estim6 un consumo anual per capita de 22.4 kg de
pollo, que representé un aumento de 3.5% respecto
del ano anterior.

Este estudio pretendi6 obtener complejos
hemiceluloliticos con actividad principal de mananasa
y xilanasa a partir de FES, usando residuos
agroindustriales, y evaluar la capacidad de estos
extractos enzimaticos para aumentar la energia
metabolizable y mejorar el indice de conversion
alimento/carne, por hidrélisis parcial de la fibra del
alimento balanceado para pollo de engorda.

Material y métodos

Condiciones de fermentacion

Se emple6 la cepa Aspergillus niger GS1 aislada de
copra, de la coleccion de cultivos del Departamento
de Biotecnologia, de la Universidad Auténoma
Metropolitana, Unidad Iztapalapa, propagado en
tubos de agar papa dextrosa (Bioxon, Cuautitlan,
México), incubado a 30°C durante cuatro dias y
mantenido en refrigeracion a 4°C. La cepa fue
resembrada cada mes en el mismo medio. Se emple6
bagazo de café bajo en grasa (5% b.s.), proporcionado
por la compania Aceites Especiales, S. A., Toluca,
Estado de México, México. El olote de maiz se
obtuvo de los campos agricolas de Jilotepec, Estado
de México, se molié en un molino Cemotec 1090,*
hasta que 75% de las particulas mostré un diametro
entre 0.84y 1.39 mm (pas6 la malla Tyler 12, pero se
retuvo en la 20). Las fermentaciones se hicieron en
biorreactor de columna empacada de acero inoxidable
tipo 304 con capacidad de 12.1 L o 6.6 kg de sustrato
huamedo, hechoen el Laboratorio de Biotecnologia
(Facultad de Quimica, Universidad Auténoma de
Querétaro). Para la FES del bagazo de café y olote
de maiz, se adicion6 un medio liquido nutritivo
complementario al sustrato (g/L): glucosa 6, extracto
de levadura 15.8, (NH4)2SO4, 2.5, KH2PO4, 24,
MgSO4¢7H20 0.3, FeSO4¢7H20 0.1, CuSO4¢5H20

*Tecator, Hoganas, Suecia.
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Enzymatic extract

A 50 mM acetate buffer solution, pH 5.5, was added
to the fermented product, at a 1:1.5 (v/v) ratio, and
after mixing homogeneously, the crude extract was
obtained from a hydraulic press at 13.8 MPa.* The fil-
trate was centrifuged at 15 000 g in a Beckman** cen-
trifuge during 10 min at 4°C. The supernatant was
concentrated by evaporation in a vacuum rotary evap-
orator,*** at 50°C. The hemicellulase complex was
purified by precipitating with cold acetone (4°C) at a
1:3 ratio (extract:acetone) and re-suspending in a 20
mM acetate buffer solution, pH 5.5. Finally, the semi-
purified extracts were filter-sterilized through a 0.22
um membrane,t aseptically packaged and stored at
4°C. The extracts having mainly xylanase and man-
nanase activity were mixed (1:1, v/v) and 5% pro-
pylene glycol (w/v) was added to the mixture as a
stabilizer.

The enzymatic activity was determined by quanti-
fying reducing sugars,* released from a 0.5% solution
of locust bean gum (galactomannan from Ceratonia
siliqua seeds) and xylan (oat arabinoglucoxylan).f

In vitro stability of the mannanase:
xylanase mixture (MX) simulating
the conditions of the digestive
tract of the chicken

Two conditions of the digestive tract of the chicken
were simulated in order to assess the stability and
activity of the mannanase:xylanase (MX) activity. The
first condition was in the presence of HCl-pepsin (pH
2.5), because the gastric protein digestion is carried
out in the proventricle and gizzard. A total of 15 mL
of the MX mixture diluted with 20 mM HCI, pH 2.5
in a 1:10 (v/v) ratio, and 20 uL of porcine pepsin® (1
mg/mL) was used. The mixture was incubated at 35°C
for 1 h, taking 50 puL samples every 10 min, to which
10 uLL of a protease inhibitor cocktail* was added, plus
2 mL of a 20 mM acetate buffer solution, pH 5.0. The
residual mannanase and xylanase activities were mea-
sured.

Trypsin pH 7.6 was used in the second condition in
order to simulate the conditions of the small intestine,
where the digestion is completed as well as where the
digested nutriments are absorbed. A total of 15 mL of
MX mixture diluted with 20 mM, pH 7.6 phosphate
buffer solution at a 1:10 (v/v) ratio, were incubated at
35°C for 1 h with 20 uL of bovine trypsin** solution
(I mg/mL). Every 10 min 50 pL samples were taken
and 10 pL of a protease inhibitor cocktail was added,
plus 2 mL of a 20 mM, pH 5.0 acetate buffer solution.
Finally, the residual mannanase and xylanase activi-
ties were measured.

0.08; densidad de empaque 0.45 g/cm3, ino6culo 1 x
107 esporas/g de sustrato seco, flujo de aire 950 cm®/
min, humedad 55% (w/w), pH 5.5, temperatura 30°C,
tiempo de fermentacion 48h.%

Extracto enzimatico

Al producto fermentado se le agregd una soluciéon
amortiguadora de acetatos 50 mM, pH 5.5, en relacion
1:1.5 (v/v) y después de mezclar homogéneamente,
el extracto crudo se obtuvo mediante una prensa
hidraulica a 13.8 MPa.* El filtrado se centrifug6 a
15 000 g en centrifuga Beckman®** durante 10 min a
4°C. El sobrenadante se concentré por evaporacion
al vacio en un rotavapor,*** a 50°C. El complejo de
hemicelulasas se purificé parcialmente por medio de
precipitacion con acetona en frio (4°C) en relacion
1:3 (extracto:acetona), resuspendiendo el precipitado
en solucion amortiguadora de acetatos 20 mM,
pH 5.5. Finalmente, los extractos semipurificados
se esterilizaron por filtracion con membrana de
0.22 um de poro,f se envasaron asépticamente y
se almacenaron a 4°C. Los extractos con actividad
principal de xilanasa y mananasa se mezclaron (1:1,
v/v), vy a la mezcla se le adicioné propilenglicol a 5%
(w/v) como estabilizante.

La actividad enzimatica se determiné con la
cuantificacién de azicares reductores,? liberados
de una solucién al 0.5% de algarrobo (galactoma-
nano de semillas de Ceratonia siligua) y xilano
(arabinoglucoxilano de avena).}

Estabilidad de la mezcla mananasa:
xilanasa (MX) in vitro, simulando
condiciones del tracto digestivo de pollo

Se simularon dos condiciones del tracto digestivo
de pollo para evaluar la estabilidad y la actividad
de la mezcla mananasa:xilanasa (MX). La primera
condicion fue en presencia de HCl-pepsina (pH
2.5) ya que en proventriculo y molleja se efectia la
digestion gastrica de proteina. Se colocaron 15 mL de
la mezcla MX diluida con solucion de HC1 20 mM,
pH 2.5 en relacion 1:10 (v/v) y 20 uL de solucién de
pepsina porcina® (1 mg/mL). La mezcla se incub6 a
35°C durante 1 h, tomando muestras de 50 ul. cada
10 min, a las cuales se agregaron 10 uL de un coéctel

*Ercko mod. PH-51T, Aeroquip, Toluca, México.
**Mod. J2-MC, Wilmington, EUA.

##%¥Blichi Mod. R-124, Flawil, Suiza.

TMillipore, Bedford, EUA.

1Sigma, St. Louis, EUA.
°Sigma, Cat. No. P7000.



Digestibility in metabolic chambers

The MX mixture (437 mL) was diluted with distilled
water up to 2.25 L, which was applied by sprinkling
to a metric ton of feed. The feed was produced in the
CEIEPA-UNAM from sorghum and soy (Table 1). The
increase in humidity of the feed was not significant
(< 0.4% w/w). a 2 x 2 factorial statistical design was
used; one factor was the type of diet with two levels
of raw protein (RP) and metabolizable energy (ME);
the other was the addition or not of the enzyme. The
treatments were identified as: normal diet (22% pro-
tein, 3 000 kcal ME/kg); normal diet + MX; diet with
3% less of RP and ME (21.34% protein, 2 910 kcal
ME/kg); diet + MX with 3% less RP and ME.

A total of 120 one day old Hubbard x Ross strain
male chicks were used,*** which were kept in Peter-
sime metabolic chambers with controlled tempera-
ture. We carried out four replicates per treatment and
each experimental unit consisted of ten chicks. Feed
was provided freely from the day 1 to 21 of age. The
response variables were: weight gain, feed intake, con-
version index and mortality. The apparent ME was
determined. Chromium oxidet} was added to the feed
at 0.2% (w/w) to serve as intake indicator. Feces were
collected between 19 and 21 days of age, and chro-
mium was quantified in the diet as well as the feces
with atomic absorption spectroscopy.] Crude energy
was measured in the diets and the feces using an iso-
peribolic calorimeter.” The apparent ME was calcu-
lated by using the method proposed by Ravindran et
al,** and Lesson and Summers.*

Effect of the enzymatic extract under
commercial production conditions

The mannanase (M) and mannanase-xylanase mix-
ture (MX) were evaluated, as well as the commercial
product Avizyme® 1502* [A; a mixture of xylanase
(600 U/g), protease (8 000 U/g) and amylase (800
U/g)], together with a commercial feed based on
sorghum and soy paste.** We used a poultry house
located in the town of San Juanico, Jilotepec munic-
ipality, Estado de Mexico, Mexico. An area of 100
m2 was divided into 16 sections of 2.5 x 2.5 m each
for rearing the chicks. The house and the handling
instruments were washed and disinfected using a 1%
sodium hypochlorite solution.

The M and MX enzymatic products (437 mL of
each) were diluted with distilled water to 3.25 L. and
were applied by aspersion to a metric ton of feed. A
total of 500 g of the dry product. A per metric ton
of feed were mixed as recommended by the manufac-
turer.

A random statistical design was employed with four

inhibidor de proteasas,* mas 2 mL de amortiguador
de acetatos 20 mM, pH 5.0. Se midieron las actividades
residuales de mananasa y xilanasa.

En la segunda condicién se usé tripsina a pH
7.6, simulando las condiciones del intestino delgado,
donde se completa la digestion, ademas de absorberse
los nutrimentos digeridos. Se mezclaron 15 mL de
la mezcla MX diluida con amortiguador de fosfatos
20 mM, pH 7.6 en relaciéon 1:10 (v/v) con 20 pL
de solucién de tripsina bovina** (1 mg/mL) y se
incubaron a 35°C por 1 h. Cada 10 min se tomaron
muestras de 50 uL y se agregaron 10 uL del coctel
inhibidor de proteasas, mds 2 mL de amortiguador de
acetatos 20 mM, pH 5.0; finalmente, se midieron las
actividades residuales de mananasa y xilanasa.

Digestibilidad en jaulas metabdlicas

La mezcla MX (437 mL) se diluy6 con agua destilada
a 2.25 L, este volumen se aplic6 mediante aspersion a
una tonelada de alimento. Las dietas se elaboraron en
el CEIEPA-UNAM abase de sorgo ysoya (Cuadro 1). El
aumento de humedad del alimento fue insignificante
(<0.4% w/w). Se usé un diseno estadistico factorial
2 x 2; un factor fue el tipo de dieta con dos niveles de
proteina cruda (PC) y energia metabolizable (EM);
otro fue la adicién o no de enzima. Los tratamientos
se identificaron como dieta normal (22% proteina,
3 000 kcal de EM/kg); dieta normal + MX; dieta con
3% menos de PCy EM (21.34% proteina, 2 910 kcal de
EM/kg); dieta + MX, con 3% menos de PCy EM.

Se emplearon 120 pollitos machos de un dia
de edad de la estirpe Hubbard x Ross,*** alojados
en jaulas metabolicas Petersime con temperatura
controlada, usando cuatro réplicas por tratamiento,
cada unidad experimental consisti6 de diez pollos.
El alimento se proporcioné a libre acceso desde el
primero hasta los 21 dias de edad. Las variables
de respuesta fueron: ganancia de peso, consumo
de alimento, indice de conversion y mortalidad,
respectivamente. Se determiné la EM aparente. Se
adicion6 6xido de cromo,} al 0.2% (w/w) al alimento,
como indicador de su consumo. Se recolectaron
excretas entre los 19 y 21 dias de edad y se cuantifico
el cromo en dietas y excretas por espectroscopia
de absorcién atémica.f La energia bruta tanto en
dietas como en excretas se midio con un calorimetro
isoperibolico.® Para el cdlculo de la EM aparente se

*Sigma, Cat. No. P2714.

**Sigma, Cat. No. T4665.

***Incubadora Atongo 2, Qro., Pilgrim’s Pride®.
TSigma, St. Louis, EUA.

{Perkin Elmer Mod. AAnalyst 400, Shelton, EUA.
°Parr Mod. 1266, Graz, Austria.
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Cuadro 1
FORMULACION POR TONELADA DE LAS DIETAS NORMAL Y SUBNORMAL PARA POLLO
DE ENGORDA ETAPA “INICIADOR”
FORMULA PER METRIC TON OF NORMAL AND SUBNORMAL DIETS FOR BROILERS
IN “INITIATION” STAGE

Normal diet: Subnormal diet::
Ingredient Quantity (kg) Quantity (kg)

Sorghum, 9% PC 573.411 612.600

Soy paste, 48% PC 356.443 335.255
Orthophosphate 18.569 18.594
Calcium carbonate 14.425 14.482
Vegetal oil 27.830 8.835

Salt 4.393 4.394
DL-methionine 2.225 2.382
Mineral pre-mixture 1.000 1.000
Choline chlorate, 60% 1.000 1.000
L-lysine HCI 0.204 0.915
Vitamin pre-mixture 0.250 0.250
Antioxidant 0.150 0.150
Bacitracin zinc 0.100 0.100
L-threonine 0.044 0.044

“Estimated metabolizable energy, 3 000 kcal/kg; crude protein, 22%; lysine, 1.2%; methionine, 0.58%); threonine, 0.8 %.

**Estimated metabolizable energy, 2 910 kcal/kg; crude protein, 21.34%; lysine, 1.2%; methionine, 0.58%:; threonine, 0.8 %.

treatments and four replicates: control (feed without
enzyme); commercial diet + A; commercial diet + M
and commercial diet + MX. Sixteen groups with 63
chicks each were created to balance the four treat-
ments under assessment. All the enzymatic extracts
were applied to the lots of balanced feed, which
the supplier provided for each of the three different
growth stages: initiation, development and finishing.
A total of 1 008 one day-old male Ross HY-USA 3
strain chicks were used that came from the Atongo
2 incubation plant.* The experiment was conducted
until the chicks reached 52 days of age. The feed was
provided at free access during weeks one to three as
well as week seven, while during weeks four to six
access was only allowed from 7 am to 4 pm. The
response variables were: weight gain, feed intake, con-
version index and mortality.

Statistical analysis

In all in vivo experiments the JMP software version
3.0 (1995)26 was used for the analysis of the results.
To compare the means of the different treatments we
used the Tukey-Kramer test (o = 0.05).

emple6 la metodologia sefialada por Ravindran et al.,**

y Lesson y Summers.”

Efecto del extracto enzimatico bajo
condiciones de crianza comercial

Se evaluaron los extractos enzimadticos de mananasa
(M) y la mezcla mananasa-xilanasa (MX), asi como el
producto comercial Avizyme® 1 502* [A; que contiene
una mezcla de xilanasa (600 U/g), proteasa (8 000
U/g) y amilasa (800 U/g)], con alimento comercial
a base de sorgo y pasta de soya.** Se utilizé6 una
caseta avicola ubicada en el poblado de San Juanico,
municipio de Jilotepec, Estado de México, México. En
un espacio de 100 m?* de la caseta se efectuaron 16
divisiones de 2.5 x 2.5 m para la crianza. El local y los
instrumentos de manejo se lavaron y se desinfectaron
usando una solucién de hipoclorito de sodio al 1%.
Los productos enzimdaticos M y MX (437 mL cada
uno) se diluyeron con agua destilada a 3.25 L y se
aplicaron por aspersion a una ton de alimento. Se

*Finfeeds, Marlborough, UK.
**Pilgrim’s Pride®, planta Col6n, Querétaro, México.



Results

Stability of the MX extract under in vitro
conditions within the digestive tract
of broilers

When subjecting the MX mixture to acid conditions
and in the presence of pepsin (secreted by the pro-
ventricle), throughout 60 min the mannanase activity
had a loss rate of 480 UA/(L min), while the xylanase
had a loss rate of 367 UA/(L min) (Figure 1). This cor-
responded to a loss of activity in 60 min of 8.2% and
20% for xylanase and mannanase, respectively. When
using alkaline conditions for one h and in the pres-
ence of trypsin, the xylanase activity had a loss of 903
UA/(L min) (20%), while the mannanase lost only
223 UA/(L min) (9.3%) (Figure 2). Mannanase was
stable at a wider pH range than xylanase, according to
the partial characterization of both enzymes present
in the MX mixture (results not shown).

Effect of the enzymatic extracts
in the feed of poultry kept
in metabolic chambers

The results accumulated at 21 days of age showed that
the type of diet and the addition of enzymes did not
significantly affect weight gain or feed intake (Table
2). On the other hand, the addition of MX enzymatic
mixture caused a significant improvement in feed con-
version, both in normal diets as well as in subnormal
ones (Table 2). The results also showed that the inter-
actions between the type of diet and the enzymatic
mixture were not significant, i.e. the addition of MX
to a normal or subnormal (3% less energy and crude
protein) diet had similar results in terms of conver-
sion index and ME.

The addition of the MX mixture significantly
improved the ME with increases of 52 and 59 kcal/kg
when added to the normal and subnormal diets,
respectively. This represented a 2% increase in ME in
the subnormal diet (2 969 kcal/kg to 3 028 kcal/kg)
(Table 2).

Effect of the enzymatic extracts in the
rearing of broilers in a chicken house

The addition of enzymatic extracts to the feed of
broilers in a commercial chicken house allowed the
comparison of the individual effect of the MX mix-
ture, M, and the commercial additive (A) to deter-
mine which enzymatic additive would gain the best
results. The accumulated results obtained at 52 days
of age, in terms of weight gain, feed intake, feed con-

mezclaron 500 g del producto en polvo A por ton de
alimento, segun lo recomienda el fabricante.

Se emple6 un diseno estadistico aleatorio, con
cuatro tratamientosy cuatroréplicas: testigo (alimento
sin enzima); dieta comercial + A; dieta comercial +
M vy dieta comercial + MX. Se formaron 16 grupos
de 63 aves cada uno para balancear los cuatro
tratamientos a evaluar. Todos los extractos enzimaticos
se aplicaron a los lotes de alimento balanceado,
que el proveedor suministré para las tres diferentes
etapas de crecimiento del pollo: iniciador, desarrolloy
terminador. Se emplearon 1 008 pollitos macho de un
dia de edad de la estirpe Ross HY-USA 3 provenientes
de laincubadora Atongo 2.* El experimento se efectué
hasta que las aves alcanzaron 52 dias de edad; el
alimento se proporcion6 a libre acceso en las semanas
uno a tres y siete, mientras que de las semanas cuatro
a seis fue con acceso restringido, de las 7:00 am a las
4:00 pm. Las variables de respuesta fueron: ganancia
en peso, consumo de alimento, conversion alimentaria
y mortalidad.

Analisis estadistico

En los experimentos in vivo se utilizé el software JMP
version 3.0 (1995)26 para el analisis de los resultados.
En la comparacion de medias de los tratamientos se
uso la prueba de Tukey-Kramer (a = 0.05).

Resultados

Estabilidad del extracto MX bajo condiciones
in vitro del tracto digestivo del pollo de
engorda

Al someter la mezcla MX a condiciones dacidas y
en presencia de pepsina (que se secreta en el
proventriculo), a lo largo de 60 min la actividad
mananasa registré6 una razén de pérdida de 480
UA/(L min), mientras que la de xilanasa registr6é una
de 367 UA/(L min) (Figura 1). Esto correspondi6
en 60 min a una pérdida de actividad de 8.2% vy
20% para xilanasa y mananasa, respectivamente. Al
usar condiciones alcalinas durante una hora y en
presencia de tripsina, la actividad de xilanasa se afect6
al presentar pérdida de 903 UA/(L min) (20%),
mientras que la mananasa perdié 223 UA/(L min)
(9.3%) de actividad (Figura 2). La mananasa fue
estable en un rango de pH mas amplio que la xilanasa,
segun la caracterizacién parcial de ambas enzimas en
la mezcla MX (resultados no mostrados).

**Pilgrim’s Pride®, Querétaro, México.
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version and accumulated mortality are shown in Table
3.

The M and MX extracts produced a significantly
greater weight gain than the control groups, while the
weight gain produced by A was similar to that of the
control groups. Extract M produced a 6.9% weight
gain while the addition of MX led to a 5.3% extra
weight in relation to those broilers that received feed
without enzymes (Table 3). When the means were
compared, the enzymatic complex M produced a
weight gain significantly greater than A, but similar to
that produced by the addition of MX. Furthermore,
the increase of weight due to the addition of A or MX
did not show a significant difference (Table 3).

The addition of any of the enzymatic products (A,
M or MX) did not significantly affect the consump-

and trypsin (1 mg/mL)

Efecto de los extractos enzimaticos
en la alimentacion de pollos
mantenidos en jaulas metabdlicas

Los resultados acumulados a los 21 dias de edad
mostraron que el tipo de dieta y la adicién de enzimas
a la dieta no afectaron significativamente la ganancia
de peso ni el consumo de alimento (Cuadro 2). Por
otro lado, la adicion de la mezcla enzimatica MX
ocasion6 una mejora significativa en la conversién
alimentaria, tanto en las dietas normales como en las
subnormales (Cuadro 2). Los resultados mostraron,
ademds, que las interacciones entre el tipo de dieta
y la mezcla enzimatica no fueron significativas; es
decir, que la adiciéon de MX a una dieta normal
o subnormal (3% menos energia y proteina cruda)



tion of feed when compared to the controls. On the
other hand, the M and MX extracts produced a better
conversion index when compared to the controls and
even when compared to the enzymatic additive A.
This indicated a reduced intake of feed per kg of
broiler meat obtained. There was no significant dif-
ference in the conversion index when extract M or
MX were administered. From these results it can be
concluded that the two enzymatic extracts produced
through SSF in this research achieved better feed con-
version to meat than the commercial product (A) that
was assessed.

Discussion

Stability of the MX extract when simulating
the digestive tract of broilers

The results observed in terms of the activity loss of xyl-
anase and mannanase under acid and alkaline condi-
tions indicated that the mannanase is an enzyme that
better tolerates alkaline conditions, or that the pepsin
could have hydrolyzed the Trp-360 residue which in
the B-mannanase of Pseudomonas cellulose is important
for linking to the substrate.?’” Furthermore, the xyla-
nase lost its activity faster under alkaline conditions
than under acidic solutions. This activity loss was
difficult to assign to the effect of trypsin because it
mainly attacks Lys and Arg residues, while Glu resi-
dues have been found to be the most important for
the xylanase catalysis.%’?g

Effect of the enzymatic extracts in the diets of
broilers kept in metabolic chambers

The experiment in metabolic chambers allowed us
to determine that the use of enzymatic extracts

produjo resultados similares en cuanto al indice de
conversion y la EM.

La adiciéon de la mezcla MX mejoré significa-
tivamente la EM, al observarse un aumento de 52
y 59 kcal/kg, cuando se agregé a la dieta normal
y subnormal, respectivamente, ello representé un
incremento de 2% en la EM de la dieta subnormal
(2969 kcal/kg a 3 028 kcal/kg, Cuadro 2).

Efecto de los extractos enzimaticos en
la crianza de pollo de engorda en caseta
avicola

La adicion de los extractos enzimadticos en la
alimentaciéon de pollos en caseta comercial permitié
comparar el efecto individual de la mezcla enzimadtica
MX, del extracto de mananasa (M), y del aditivo
enzimatico comercial (A), con el fin de determinar el
tipo de aditivo enzimatico que condujera a mejores
resultados en una explotacion comercial de pollo. Los
resultados acumulados obtenidos a los 52 dias de edad,
en cuanto a ganancia de peso, consumo de alimento,
conversion alimentaria y mortalidad acumulada, se
muestran en el Cuadro 3.

Los extractos M y MX produjeron una ganancia de
peso significativamente mayor que los grupos testigo,
mientras que la de peso producida por A fue similar a
la de los grupos testigo. El extracto M produjo 6.9% de
ganancia de peso, mientras que cuando se administré
MX se obtuvo 5.3% de peso extra, respecto de las aves
que recibieron alimento sin enzimas (Cuadro 3). Al
comparar los promedios, el complejo enzimatico M
produjo ganancia en peso mayor que A, pero similar
a la producida por la adicién de MX. Asimismo, el
aumento de peso por la adiciéon de A o de MX no
mostr6 diferencia significativa (Cuadro 3).

La adiciéon de cualesquiera de los tres productos

Cuadro 2
EFECTOS DE LA MEZCLA ENZIMATICA MX EN DIETAS NORMALES Y SUBNORMALES
EN POLLOS DE ENGORDA A LOS 21 DIAS DE EDAD
EFFECTS OF THE ENZYMATIC MIXTURE MX IN NORMAL AND SUBNORMAL DIETS
FOR BROILERS AT 21 DAYS OF AGE

Metabolizable energy

Treatment Weight gain (g) Feed intake (g) Feed conversion (kcal/kg)
Normal diet 609.2 +25.6° 832.0+33.3° 1.37 £0.012 3036 +7.8°
Normal diet/ MX 621.2 +16.1° 819.7 £17.3° 1.32 £0.02° 3088 £9.2°
Subnormal diet 611.7 +17.5° 872.3 +16.9° 1.38 £0.05° 2969 £4.2°
Subnormal diet/MX 629.4 £8.42 846.4 £ 6.0° 1.33 £0.02° 3028 * 4.3

The means are shown = standard deviation.

Values with different letter indicate a significant difference (P < 0.05) according to the Tukey-Kramer test.
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improved the feed conversion indexes. Although the
feed intake was not reduced, the digestibility of energy
was improved, which may favor a higher weight gain.
The improvement in digestibility of hemicellulose
associated with better digestibility of nutrients encap-
sulated within it, caused an increase in ME.

The interest caused by the use of hemicellulolytic
enzymes as a digestive complement for monogastric
animals is due to the improvement in digestion and
absorption of nutrients."> The partial hydrolysis of
indigestible fiber (mannans, arabinoxylans, galacto-
mannans and cellulose) present in corn, sorghum
and soy paste would improve the interaction of the
enzymes in the digestive tract (lipases and proteases)
with their respective substrates (lipids and proteins).
This would improve the assimilation of nutrients from
the feed.” Also, the absorption of some minerals
such as iron and zinc could be improved because they
would associate to a lesser degree with the fiber.™

Soy paste contains 1.3% mannans,"” which when
included in the subnormal diet (33.5% w/w) would
provide approximately 0.38% of this polysaccharide.
The content of glucuroarabinoxylan from sorghum is
2.1%, and when used in the diet at a proportion of
61.3% (w/w) would provide 0.34% of this heteropoly-
saccharide in the subnormal diet.? Therefore, the
energy that can be provided by the full digestion of
these polysaccharides is low, even by considering that
the MX extract contained a slight cellulase and amy-
lase activity (3.15 U/mL with carboximethylcellulose
as substrate, and 2.95 U/mL with potato starch as sub-
strate, respectively). It was decided to apply mixture

enzimadticos (A, My MX) no afect6 significativamente
el consumo de alimento comparado con el testigo.
Por otro lado, los extractos M y MX produjeron mejor
indice de conversiéon alimentaria comparados con
el testigo e incluso respecto del aditivo enzimatico
A; ello indica un menor consumo de alimento por
kg de carne de pollo obtenida. No hubo diferencia
significativa en el indice de conversion producida
cuando se administraron el extracto M o el extracto
MX. De estos resultados se concluye que ambos
extractos enzimadticos producidos por FES en la
investigacion, lograron mejor conversion de alimento
a carne que el producto comercial evaluado (A).

Discusion

Estabilidad del extracto MX simulando el
tracto digestivo del pollo de engorda

Los resultados observados para la pérdida de la
actividad de xilanasa y mananasa bajo condiciones
acidas y alcalinas, indican que la mananasa es una
enzima que tolera mads las condiciones alcalinas, o
bien que la pepsina pudiera haber hidrolizado el
residuo de Trp-360, que al menos en la B-mananasa de
seudomonas cellulose es importante en su enlazamiento
al sustrato.?”’” Por tltimo, la xilanasa pierde mas
rapidamente actividad en condiciones alcalinas que en
soluciones acidas yla pérdida de actividad dificilmente
pudiera atribuirse al efecto de la tripsina, ya que
ésta ataca principalmente residuos de Lys y Arg,
mientras que se ha encontrado que dos residuos de

Cuadro 3
COMPARACION DE LOS EXTRACTOS ENZIMATICOS EN POLLO DE ENGORDA, BAJO CRIANZA
EN CASETA A LOS 52 DIAS DE EDAD
COMPARISON OF ENZYMATIC EXTRACTS IN BROILERS REARED IN CHICKEN HOUSES AT 52

DAYS OF AGE
Treatment Weight gain (g) Feed intake (g) Feed conversion*
Normal diet 2930.6 £24.7° 4986.5 +37.6° 1.70 £0.02°
Normal diet/additive A" 2989.2 +64.0°° 4954.3 +88.9° 1.66 +£0.02°
Normal diet/extract M 3131.7 +41.6° 48437 +34.7° 1.55 £0.03°
Normal diet/extract MX® 3085.5 +52.7°¢ 4883.5 +59.0° 1.58 £0.01°

g feed/g weight.
TAvizyme® 1502.

icEnzyme extract with a main activity of mannanase (144 U/mL).

§Enzyme extract with xylanase (299.0 U/mL) and mannanase (126.5 U/mL) activity.

The means are shown * standard deviation.

Values with different letter indicate a significant difference (P < 0.05) according to the Tukey-Kramer test.

10



MX in this experiment due to its high enzymatic activ-
ity (299 U/mL xylanase and 126.5 U/mL mannanase),
while extract M showed only mannanase activity (144
U/mL).

Itis possible that the effectiveness of the enzymatic
extract MX, in terms of productivity indexes, could be
due to favoring partial digestion of the hemicellulose
fraction, allowing a better digestibility of some other
nutrients, including lipids and proteins. This could
be attributed to the ease of obtaining better enzyme-
substrate interactions. When part of the hemicellu-
lose is hydrolyzed, it can no longer enhance a partial
encapsulation of some nutrients, favoring the action
of other digestive enzymes such as lipases, proteases
and amylases. The overall result of these events would
be a better digestion and assimilation of nutrients in
the intestine of the chicken. When the hemicellulose
fraction was partially hydrolyzed the action of bile was
favored due to a reduction in the encapsulating effect
of this fraction; therefore, there was an increase in
the digestibility of lipids in the diet.*** The increase
in metabolizable energy that was observed when feed-
ing broilers with normal and subnormal diets in meta-
bolic chambers during 21 days was attributed to the
aforementioned reason.

Effectiveness of the enzymatic extracts in
broilers finished in a commercial chicken
house

According to the results obtained in commercial rear-
ing with sorghum and soy paste based diets we con-
clude that the enzymatic complex, which showed
mainly mannanase activity (M), was the most appro-
priate for use in a commercial broiler production
setting. The production of the enzymatic extract M
would be more economical and feasible compared to
the mannanase:xylanase mixture (MX extract). This
is because the production of each ingredient of the
mixture MX would require two fermentations, while
for the production of extract M only the fermentation
of partially fat reduced coffee bagasse as substrate
and culture medium is needed. It is possible that
the mannanase:xylanase mixture could show better
results when applied to another type of diet based on
barley or wheat because these cereals have a greater
content of arabinoxylans.
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Glu son los mds importantes para la catalisis de varias
xilanasas.?®?

Efecto de los extractos enzimaticos en dietas
de pollos mantenidos en jaula metabdlica

El experimento en jaulas metabdlicas permitio
determinar que, como consecuencia del uso de los
extractos enzimaticos, se mejoraran los indices de
conversion alimentaria; esto es, a pesar de no haberse
disminuido el consumo de alimento, se mejoro la
digestibilidad de la energia, lo cual puede favorecer
mayor ganancia de peso. La mejora en la digestibilidad
de la hemicelulosa, asociada a mejor digestibilidad
de nutrimentos encapsulados por ésta, propicié6 un
incremento en la EM.

El interés suscitado por el uso de enzimas
hemiceluloliticas como complemento digestivo de
animales monogastricos, se debe a que se mejora
la digestion y absorcién de nutrimentos.'®* El
incremento en la digestibilidad de la fibra indigerible
(mananos, arabinoxilanos, galactomananos, celulosa)
presente en maiz, sorgo y pasta de soya, mejoraria
la interaccion de las enzimas naturales del tracto
digestivo (lipasas y proteasas) con sus respectivos
sustratos (lipidos y proteinas), mejorando la
asimilacién de los nutrimentos del alimento.?"*
Ademas, pudiera también mejorarse la absorcion de
algunos minerales, como hierro y zinc, ya que se
asociarian en menor proporcion con la fibra.®

La pasta de soya contiene 1.3% de mananos," que
incluido en ladietasubnormal (33.5%,w/w), aportaria
aproximadamente 0.38% de este polisacarido. El
contenido de glucuroarabinoxilano del sorgo es de
21% y su uso en la dieta es 61.3% (w/w), por
lo cual aportaria a la dieta subnormal 0.34% de
este heteropolisacérido.% Con estos dos valores, la
energia que puede aportar la digestion completa de
estos polisacaridos es baja, aun cuando el extracto
enzimatico MX contenia ligera actividad de celulasa
y amilasa (3.15 U/mL con carboximetilcelulosa y
2.95 U/mL al usar almidén de papa como sustratos,
respectivamente). Se decidi6 aplicar en este
experimento la mezcla MX debido a su elevada
actividad enzimatica (299 U/mL xilanasa y 126.5
U/mL de mananasa), comparada con el extracto M
con solo actividad de mananasa (144 U/mL).

Es probable que la efectividad del extracto
enzimatico MX, en cuanto a indices de productividad,
se deba a que se favorece la digestion de la
fraccion hemicelul6sica, lo que permite una mejor
digestibilidad de algunos otros nutrimentos, incluidos
lipidos y proteinas. Esto ultimo pudiera atribuirse a
la facilidad de obtener mejor interacciéon sustrato-
enzima. Al degradarse parte de la hemicelulosa que
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