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Articulos cientificos

Caracterizacion de productos fibroliticos comerciales utilizados
en la alimentacién de rumiantes

Characterization of commercial fibrolytic products for ruminant
diets

Laura Ramirez Cancino®*  Emilio Aranda lbanez**  German David Mendoza Martinez*
Luis Landois Palencia***  Luis Alberto Miranda Romerot  Maria Magdalena Crosby Galvan*

Abstract

Enzymatic activity (IU, international units) was determined for three enzymatic complexes (A,
B, and C), at pH 5.5 and 6.5, using pH 102 crystalline cellulose, carboxymethyl cellulose (CMC),
and oat xylan as substrate. Activity was higher (P < 0.05) at pH 6.5. Cellulolytic activity was
higher (P < 0.05) with crystalline cellulose and CMC with enzyme A (53.682 and 56.873, IU).
The activity was higher (P < 0.05) with enzymes A and B (222.162 y 229.313, UI) with xylan.
The degradation half time (h) was similar (P > 0.05) among enzymes (A 4.02 h, B 4.18 h
and C 4.37 h). In vitro digestion of crystalline cellulose and CMC was higher (P < 0.05), with
enzyme C (75.692%), and for CMC was higher with enzymes C and B (99.92% and 87.042b %)
and different between enzymes C and A (99.92% and 79.54b%). When exogenous enzymes
were incubated with ruminal microbes, a high enzymatic activity with purified substrates
was observed, which does not necessarily corresponds to a highest digestibility, presumably
due to the differences on the degradation rate among them (A 17.222%, B 16.572b% and C
15.85b%).

Key words: ENZYMES, ACTIVITY, CELLULOSE, HEMICELLULOSE, XYLAN.
Resumen

Se determind la actividad enzimatica (unidades internacionales, UI) de tres complejos
enzimaticos (A, B, y C), a pH 5.5 y 6.5, utilizando como sustrato celulosa cristalina pH 102,
carboximetil celulosa (CMC) y xylan de avena. Se observd mayor actividad (P < 0.05) a pH 6.5.
La actividad celulolitica fue mayor (P < 0.05) para celulosa cristalina y CMC con la enzima A
(53.682 y 56.873, UI). La actividad fue mayor (P < 0.05) para las enzimas Ay B (222.162 y
229.313, UI) con xylan. El tiempo medio de degradacion fue similar (P < 0.05) entre enzimas
(A, 4.02 h; B, 4.18 h; y C, 4.37 h). La digestibilidad in vitro de la celulosa cristalina fue mayor
(P < 0.05) para la enzima C (75.692%), para CMC fue mayor con las enzimas C y B (99.92
y 87.0423b%) y diferente entre la enzima C y A (99.92 y 79.54b%). Al incubar las enzimas
exdgenas con microorganismos ruminales se observé que una mayor actividad enzimatica en
sustratos puros no necesariamente corresponde a una mayor digestibilidad, posiblemente por
la diferencia en la tasa de degradacion entre ellas (A, 17.222; B, 16.572b; y C, 15.85b%).
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Introduction

nzymes can be used as additives for ruminant
feeds to increase diet digestibility and
production; S however, itis necessary to evaluate
and compare based on international units (IU) in
order to make an efficient use of them, studying
their activity under different conditions of pH which
represent the probable dietary conditions. In the
literature there are few reports of enzymatic activity
in TU* from commercial products, which do not
report international units to compare, and it has
been described that activity varies among commercial
products.®
It is also needed to know ruminal degradation of
the enzymes to identify the products with more activ-
ity under ruminal conditions; besides, it is convenient
to evaluate with purified substrates in doses equiva-
lent in terms of IU to compare the effectiveness with
ruminal microbes. Considering this, the objectives of
this research were to determine the enzymatic activity
in international units of three commercial products
available in Mexico and to study the n vitro ruminal
degradation of the enzyme proteins and its effect on
in vitro digestion of purified substrates

Material and methods

To determine the enzymatic activity, i vitro ruminal
degradation of the enzymes and in vitro digestion of
purified substrates, the following commercial com-
plexes were used: enzyme A (Fibrozyme, Alltech),
which contain enzymes from Aspergillus nigerand Trich-
oderma viride, enzyme B with cellulases and glucanases,
and the enzyme C, that contains hemicelullases and
cellulases (industrial hemicellulase, Enmex).

Enzymatic activity

The substrates used to evaluate enzymatic activity were
crystalline cellulose pH 102, carboxymethil cellulose
(CMC) ™ and oat xylan.”" In 2 ml of buffer solution pH
5.5 orin 2 ml of sodium phosphate buffer (pH 6.5, 0.1
M) were dissolved 2% crystalline cellulose, 2% CMC,
or 1% oat xylan. The enzymes were dissolved in 2 ml
of buffer solution pH 5.5 and 6.5 at 2% and 1%, to
obtain a relation enzyme-substrate v/v or weight/v.
The preparation was incubated at 39°C for one
hour. Enzymatic activity was determined by reducing
sugars using dinitrosalicylic acid (RADSL);"® one 1
ml of RADSL acid was added to 2 ml of the sample and
incubated in water bath at 95°C by 15 m, a blank with
RADSL was also included. Then tubes were cooled
with tap water and centrifuged (800 g) for 20 m.
Anhydrate glucose was used for the standard curve;

Introduccion

as enzimas pueden ser empleadas como aditivos
para la alimentaciéon de rumiantes con el
propésito de incrementar la digestibilidad
de las dietas y la producci(’)n;l'3 sin embargo, es
necesario evaluarlas y compararlas con base en
unidades internacionales (UI) para hacer un uso
eficiente de ellas, estudiando su actividad bajo
diferentes condiciones de pH que representen posibles
condiciones dietarias. En la literatura hay pocos
informes de actividad enzimatica en UI** de productos
comerciales, los cuales no notifican unidades inter-
nacionales para compararlas, y se ha descrito que la
actividad varia entre productos comerciales.®
También es necesario conocer la degradacion
ruminal de las enzimas para identificar los productos
con mayor actividad en el medio ruminal; ademas,
es conveniente evaluarlas con sustratos purificados en
dosis equivalentes en términos de Ul para comparar la
efectividad con microorganismos ruminales. Conside-
rando lo anterior, los objetivos de esta investigacion
fueron determinar la actividad enzimatica en uni-
dades internacionales de tres productos comerciales
disponibles en México, y conocer la degradacién rumi-
nal ¢n vitro de la proteina de las enzimas y su efecto en
la digestion in vitro de sustratos purificados.

Material y métodos

Para determinar la actividad enzimatica, la
degradaciéon ruminal i vitro de las enzimas y la
digestion in vitro de sustratos puros, se utilizaron
complejos enzimdticos comerciales: enzima A
(Fibrozyme, Alltech), que contienen enzimas de
Aspergillus niger y Trichoderma viride; enzima B, que
contiene celulasas y glucanasas; y enzima C, que
contiene hemicelulasas y celulasas (hemicelulasa de
uso industrial, Enmex).

Actividad enzimatica

Los sustratos utilizados para evaluar la actividad
enzimatica fueron celulosa cristalina pH 102,
carboximetil celulosa™ y xylan de avena.”” En 2 ml
de una solucién amortiguadora pH 5.5 o en 2 ml
amortiguados en pH 6.5 de sodio-fosfato al 0.1M, se
disolvié 2% de celulosa cristalina, 2% de CMC o 1%
para xylan. Las enzimas se disolvieron en 2 ml de
solucién amortiguadora pH 5.5y 6.5 al 2% y 1% para
obtener una relacién enzima-sustrato v/v o peso/v.
La preparaciéon se incub6 a 39°C por una hora.

Ifadoquimia, S.A, México.
..CMC Sigma, México.
" Sigma, México.



measuring absorbance at 640 nm in a UV spectro-
photometer." Enzyme protein was determined by the
Lowry method,” dissolving 1 g of enzyme in 10 ml
of potassium phosphate buffer pH 7.4, 0.1M, then 1
ml of triclhoroacetic acid (20%) was added to 1 ml
of the solution to precipitate proteins, allowing one
night in the refrigerator. Sample was centrifuged for
10 m (900 x g). The sediment was dissolved in 2 ml of
1IN NaOH and mixed with vortex until sample was dis-
solved.

Then 0.2 ml of the dissolved sample were added
with 2.5 ml of the solution (50 mg of CuSO4+-100 ml
water; 10 g Na2COs -100 ml water; 100 mg Na and
K tartrate-100 ml water and 2 g of 0.5N NaOH/100
ml), waiting 10 m then 0.2 ml of Folin reagent were
added, mixed and allowing to rest for 30 m. Bovine
serum albumin was used as standard at 750 nm
absorbance. The enzymatic activity was defined as
micromoles (pmol) of glucose equivalent formed for
milligram of protein by minute. Results were ana-
lyzed as a Completely randomized design with facto-
rial arrangement 3 x 2, where factors were the enzyme
and pH (5.5 and 6.5)," the analyses were conducted
for each substrate with the three enzymes with the
GLM procedure." Means were compared by the Tukey
test."

In vitro degradation of enzymes

Degradation of enzymes was determined by ammonia
Nrelease (N-NHs), incubating with ruminal microbes
in vitro. The ruminal fluid was obtained from two Hol-
stein heifers (BW 400 kg), fed with alfalfa and with
a ruminal canula. The inoculum was collected with a
vacuum pump with filters, two hours before feeding
and was kept in an isolated thermos previously gased
with COg2, maintained at 39°C. The ratio ruminal
fluid and McDougall’s artificial saliva was 1:1 (15:15
ml), the incubation was carried out in 50 ml tubes of
polypropylene which contained the same protein con-
centration for each enzyme product (25.8 pl), of the
enzyme A (5.71% of protein, 452 pl of the commer-
cial product), B (8.27% of protein, 312 pl of the com-
mercial product) and C (6.7% of protein, 385 ul of
commercial product).”” The N-NH3 values were cor-
rected with a blank (ruminal fluid and artificial saliva
of McDougall). Incubation hours were 0, 2, 4, 6, 12,
and 24 hours. Fermentation was stopped with HCI
(50%) and the N-NHs3 concentration was determined
by the McCullough method."

A completely randomized block design was used,"’
using days of incubation (3 days) as a criteria of block-
ing. The variance analysis was done with the GLM
procedure'’ and mean differences were compared
with the Tukey test.'” A simple regression analises

La actividad enzimdtica se determiné mediante
azucares reductores utilizando dacido dinitrosalicilico
(RADSL); ™" se agreg6 1 ml de d4cido RADSL a 2 ml de
la muestra y se incub6 en bano Maria a 95°C durante
15 min, también se incubé RADSL, el cual se utilizo
como blanco. Después los tubos fueron enfriados con
agua corriente y posteriormente centrifugados (800
g) durante 20 min. Se utiliz6 glucosa anhidra para
la curva estandar; midiendo la absorbancia a 640
nm en un espectrémetro de luz ultravioleta.* La
proteina de las enzimas se determiné por el método
de Lowry,” para lo cual se disolvié 1 g de enzima, 10
ml de amortiguador, fosfato de potasio pH 7.4 0.1M,
posteriormente a 1 ml de la mezcla se le agregé 1
ml de dacido tricloroacético al 20%, para precipitar la
proteina y se dejé reposar durante una noche en el
refrigerador. La muestra fue centrifugada por 10 min
(900 g). El sedimento se disolvié en 2 ml de NaOH 1IN
y se agito con el vorex hasta disolver la muestra.
Posteriormente se tomaron 0.2 ml de la muestra
ya disuelta y se le agreg6 2.5 ml de mezcla (50 mg de
CuS04-100ml de agua; 10 g NaeCO3-100 ml de agua;
100 mg tartrato de Na y K-100 ml de agua y 2 g de
NaOH 0.5 N-100 ml), se esper6 10 min para agregarle
2 ml de reactivo de folin, se agit6 y se dej6é reposar
por 30 min. Se utilizé suero de albumina de bovino
como estandar a una absorbancia de 750 nm. La
actividad enzimadtica fue definida por micromoles
(pmol) de glucosa equivalente formada por miligramo
de proteina por min. Los resultados se analizaron
como diseno completamente al azar con arreglo
factorial 3 x 2, donde los factores fueron enzima
y pH (5.5 y 6.5)," los anilisis se realizaron de
manera independiente para cada sustrato con las tres
enzimas con el procedimiento GLM." Las medias se
compararon mediante la prueba de Tukey."

Degradacion in vitro de las enzimas

La degradacion de las enzimas se determiné mediante
la liberacién de nitrégeno amoniacal (N-NHs), al
incubar con microorganismos ruminales in vitro. El
liquido ruminal se obtuvo de dos vaquillas Holstein
(PV 400 kg), con canulas ruminales alimentadas con
alfalfa. El in6culo se extrajo con una bomba de vacio
equipada con filtros, dos horas antes de suministrar
el alimento, y se deposité en un termo aislante
previamente gaseado con COgz, que se mantuvo a
39°C. La relacién liquido ruminal y saliva artificial
de McDougall fue de 1:1 (15:15 ml), la incubacién
se realiz6 en tubos de 50 ml de polipropileno que
contenian la misma concentraciéon de proteina para
cada producto enzimatico (25.8 ul), de la enzima A
(5.71% de proteina, 452 ul del producto comercial), B

: Spectronic 20.
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was carried to estimate degradation half time of the
enzymatic products in ruminal fluid, assuming a first
order kinetic, estimating the degradation half time
(T1/20.693/rate of degradation), were 0.693 is the
mean value of the natural log of 2, assuming that
this represents the half of the maximum degradation
[(1/0.5 = 2] and the rate of degradation is the slope
between time and natural log of N-NHs. The slopes
were compared with a confidence interval."

In vitro digestibility of purified substrates
with addition of enzymes

Using the enzymatic activity values (Table 1), in vitro
digestibility was determined in crystalline cellulose
(300 mg), CMC (500 mg) and xylan (500 mg); using
the same enzymatic activity according to the substrate.
Samples were incubated at 39°C by 12 and 24 hours in
dacron bags (3.5 x 8 cm and 40 p pore size diameter),
which were placed into 50 ml propylene tubes con-
taining ruminal fluid and McDougall’s artificial saliva
(pH 6.8), maintaining a 1:1 ratio (15:15 ml). The bags
were washed and dried by 24 hours in an oven (60°C)
and weighted. By differences in weight, substrate dis-
appearance was determined.

Results were analyzed as a completely randomized
block design, using as a blocking criteria the days of
incubation (2 days). The GLM procedure was used for
the variance analyses'' and the Tukey test to compare
means."

Results
Enzymatic activity

A higher enzymatic activity (P < 0.05) was found at
pH 6.5 than at pH 5.5 (Table 1), with the exception
of the enzyme C when was incubated with crystalline
cellulose and CMC. When crystalline cellulose was
incubated, the major activity (P < 0.05), was with the
enzyme A, in comparison to the enzymes B and C. In
incubations with CMC, the enzyme A showed greater
activity (P < 0.05), that the enzymes B and C (pH 6.5)
and the enzyme C had the higher activity at pH 5.5
(Table 1). In the pH 6.5 solution, the enzymes A and
C had higher activity (P < 0. 05) on xylan than with
enzyme B; however, when xylan was incubated at pH
5.5, the activity (P < 0.05) was higher with enzyme A,
than enzymes B and C (Table 1).

In vitro degradation of the enzymes
There were no differences (P > 0.05) on ammonia

nitrogen concentration among enzymes; and its con-
centration (N-NH3) increased as incubation time was

(8.27% de proteina, 312 pl del producto comercial)
y C (6.7 % de proteina, 385 pl del producto
comercial)."” Los valores de N-NH3s fueron corregidos
con un blanco (liquido ruminal y saliva artificial de
McDougall).Las horas de incubacién fueron 0, 2, 4, 6,
12y 24. La fermentacién se detuvo con HCI al 50% y
la concentraciéon N-NH3s se determiné por el método
de McCullough."

Se utilizé un diseno de bloques completamente
al azar,' tomando como criterio de bloqueo los dias
de incubacion (tres dias). El analisis de varianza se
realiz6 con el procedimiento GLM" y las diferencias
entre medias se compararon mediante la prueba de
Tukey." Se realizé un andlisis de regresion simple para
determinar el tiempo de vida media de los productos
enzimaticos en el medio ruminal, considerando una
cinética de primer orden, estimando el tiempo medio
de degradacion (T1/20.693/tasa de degradacion),
donde 0.693 es el valor medio del logaritmo natural
de 2, considerando que esto ultimo equivale a la
mitad de la degradaciéon maxima [(1/0.5) = 2] y la
tasa de degradacién es la pendiente de la ecuacion
de regresion entre el tiempo y el Ln del N-NHs.
Las pendientes se compararon con intervalos de
confianza."

Digestibilidad in vitro de sustratos puros
con adicion de enzimas

Utilizando los valores de la actividad enzimatica
(Cuadro 1), se determiné la digestibilidad in vitro de
la celulosa cristalina (300 mg), CMC (500 mg) y xylan
(500 mg); usando la misma actividad enzimdtica
de acuerdo con el sustrato. Las muestras fueron
incubadas a 39°C por 12 y 24 horas en bolsas de
poliseda (3.5 x 8 cm y 40 p de diametro de poro),
que se colocaron tubos de 50 ml de polipropileno
que contenian liquido ruminal y saliva artificial de
McDougall (pH 6.8), manteniendo una relacion 1:1
(15:15 ml). Las bolsas fueron lavadas y secadas por 24
horas en estufa (60°C) y pesadas. Por diferencia de
peso se determind la desaparicion del sustrato.

Los resultados se analizaron con un diseno
estadistico de bloques completamente al azar, usando
como criterio de bloqueo los dias de incubacién (dos
dias). Se us6 el procedimiento GLM para el analisis
de varianza'' y la prueba de Tukey para comparar las
medias. '

Resultados
Actividad enzimatica

Se encontré mayor actividad enzimdtica (P < 0.05)
en pH 6.5 que a pH 5.5 (Cuadro 1), excepto con



Cuadro 1
ACTIVIDAD ENZIMATICA (umol DE EQUIVALENTE DE GLUCOSA FORMADA POR min POR mg
DE PROTEINA) DE TRES PRODUCTOS ENZIMATICOS COMERCIALES
ENZYMATIC ACTIVITY (umol OF GLUCOSE EQUIVALENTS FORMED BY min PER mg
OF PROTEIN), OF THREE ENZIMATIC COMERCIAL PRODUCTS

Enzyme EE
A B C
Protein, % 5.71 8.27 6.7
Substrate pH pmol of glucose equivalent formed by min per

mg of protein

Crystalline
cellulose
55 42.65° 3.19¢ 13.3° 0.89
6.5 53.68" 12.94° 14.85° 0.89
Amorphous
cellulose
55 38.52° 2.28° 12.63¢ 1.91
6.5 56.87 2591° 20.79% 1.91
Xylan
55 88.74° 5.03¢ 24379 7.57
6.5 222.16 134.77° 229.31° 7.57

(P < 0.05) Means with different literal within the two lines for each substrate are significant different.

Cuadro 2
DIGESTIBILIDAD in vitro (%) DE LAS ENZIMAS Y DE SUSTRATOS PUROS
CON ADICION DE ENZIMAS
In vitro DIGESTIBILITY (%) OF THE ENZIMES AND PRUFIED SUBTSRATES WITH THE
ADDITION OF THE ENZYMES
Substrate Hours Enzyme EE
A B C
Crystalline cellulose %
12 18.02° * 42,73 1.99
24 47.94° * 75.94 1.74
Amorphous cellulose
12 76.57° 78.33° 95.67° 1.62
24 79.54° 87.04™ 99.9 451
Xylan
12 66.14° 26.08° 96.34" 4.54
24 79.90° 78.21° 99.51° 1.20
Rate of enzyme 17.22° 16.57® 15.85° 0.56
degradation (%/h)
Ty, ' 4.02 418 437 0.14

(P <0.05) Means with different literal within the same lines are sgnificant different.
*The percentage of degradation was zero.

Half time of degradation of the enzymes .
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augmented (Figure 1). The rate of degradation (%/h)
was greater (P < 0.05) for enzymes A and B, and simi-
lar for B and C (Table 2); however, there were no dif-
ferences in the mean degradation time among them

(Table 2).

In vitro digestibility of pure substrates with
addition of enzymes

In vitro digestibility of crystalline cellulose was greater
(P < 0.05), with the enzyme C at 12 and 24 h incu-
bation, than with enzyme A. The enzyme B had no
effects on crystalline cellulose (Table 2). The enzyme
C showed a higher (P < 0.05) digestibility on CMC at
12 h incubation than the enzymes A and B. However,
at 24 h incubation the major degradation was with
the enzymes C and B; furthermore, enzymes A and B
showed a similar perfomance, but the enzyme A had
lower digestibility with respect to the enzyme C (Table
2). When xylan was incubated by 12 h, digestibility was
major (P < 0.05) for the enzyme C, followed by the
enzyme A and finally the enzyme B, at 24 h incubation
digestibility was higher (P < 0.05) for the enzyme C
than enzymes A and B (Table 2).

Discussion

Enzymatic activity

Enzymatic activity varies among commercial products
according to the type of enzyme that contain (xy-
lanases, cellulases, hemicellulases, etc.),*” the pH of
the environment and the substrate used. The values
found in the present research are similar to those
described by Nsereko et al.” with other commercial
enzymes (Depol 40, Liquicell 2500, Multifect xylanase
and Sumizyme).

Results presented in Table 1 indicate that enzymes
A and B had lower activity at pH 5.5 with the three
substrates and the enzyme C only with xylan, which
could be explained in the case of incubations with
crystalline cellulose and CMC, to the fact that most
of the fibrolytic enzymes had an optimum pH around
neutrality; in that respect, Morgavi et al."* pointed out
that the maximum activity with cellulases and xyla-
nases was obtained at pH 6.0-6.5; furthermore an acid
pH may affect enzymatic activity, this effect was noti-
fied by Krause et al.' measuring the activity of cellu-
lases (31 IU) and xylanases (43.4 IU). In the present
study, the enzymatic activity during the incubation
of CMC and xylan was affected at pH 5.5; however,
the enzyme A had the major activity regarding to the
enzymes B and C with the three substrates. In rela-
tionship to this, Morgavi et al.” found that the cellu-
lases and xylanases were not affected by acid pHj; it

la enzima C, cuando se incub6 celulosa cristalina
y CMC. Cuando se incubé la celulosa cristalina, la
mayor actividad (P < 0.05) fue con la enzima A, en
comparacién con las enzimas B y C. Al incubar con
CMC, la enzima A present6 mayor actividad (P <0.05)
que laenzima By C (pH 6.5) yla enzima C tuvo mayor
actividad en pH 5.5 (Cuadro 1). En la solucién en pH
6.5, las enzimas A'y C tuvieron la mayor actividad ( P <
0. 05) sobre xylan, que con la enzima B; sin embargo,
cuando el xylan se incub6 en pH 5.5, 1a actividad (P
< 0.05) fue mayor con la enzima A, respecto de las
enzimas By C (Cuadro 1).

Degradacion in vitro de las enzimas

No se encontraron diferencias (P > 0.05) en la
concentracion de N-NHs entre enzimas; asimismo, la
concentraciéon de N-NHs aument6 a medida que el
tiempo de incubacién se increment6 (Figura 1). La
tasa de degradacién (%/h) fue mayor (P <0.05) para
las enzimas A y B, y similar para B y C (Cuadro 2);
sin embargo, en el tiempo medio de degradaciéon no
hubo diferencias entre ellas (Cuadro 2).

Digestibilidad in vitro de sustratos puros
con adicion de enzimas

La digestibilidad ¢n vitro de la celulosa cristalina fue
mayor (P < 0.05) con la enzima C alas 12y 24 h
de incubacion, que con la enzima A. La enzima B no
tuvo efecto sobre la celulosa cristalina (Cuadro 2).
La enzima C present6é mayor (P < 0.05) digestibilidad
sobre la CMCalas 12 h de incubacién en comparacion
con las enzimas A y B. Sin embargo, a las 24 h
de incubacién la mayor degradaciéon fue con las
enzimas Cy B; asimismo, las enzimas Ay B se compor-
taron similares, pero la enzima A presenté menor
digestibilidad con respecto a la enzima C (Cuadro 2).
Cuando se incub6 por 12 h el xylan, la digestibilidad
fue mayor (P < 0.05) para la enzima C, seguida por
la enzima A y finalmente la enzima B, a las 24 h de
incubacioén la digestibilidad fue mayor para la enzima
C con respecto alas enzimas Ay B (P <0.05) (Cuadro
2).

Discusion
Actividad enzimatica

La actividad enzimadtica entre productos comerciales
varia de acuerdo con el tipo de enzima (xilanasas,
celulasas, hemicelulasas, etc.) que contengan,®’ el pH
del medio y el tipo de sustrato utilizado. Los valores
encontrados en el presente trabajo son similares a
los que describen Nsereko et al.” con otras enzimas



NH3 (mg/dL)
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has been reported that enzymes from fungal origin
have optimal conditions in low pH and elevated tem-
peratures (Rode et al.),” which may explain why the
enzyme C was not affected at pH 5.5 when it was incu-
bated with crystalline cellulose and CMC, because the
optimum pH for cellulolytic bacteria is 6.5."

Nereseko et al.” observed that the enzymatic activity
has a high variation among enzymatic products, even
though they were originated from the same microor-
ganism, which may be explained by the enzymes that
contains the product and its ability to adjust to the
active site of each substrate. When the enzyme A was
incubated with crystalline cellulose and CMC at pH
6.5, it had a high activity in relation to the enzymes B
and C.

On the other hand, results in incubations with
xylan indicated that enzymes A and C contain more
quantity of xylosidase and xylanase than the enzyme
B. Minor values have been reported in the enzymatic
activity of pure xylanase (90.5 to 198 UI ),” which
can explain why the enzymes used in this study con-
tained several xylanases and xylosidases, which may
be from different organisms. There are differences in
the enzymes produced by the organisms, it has been
reported that during purification of xylanase from
Irpex lacteus (Polyporus tulipiferae), three types of xyla-
nases were obtained, from which two did not hydro-
lyze xylan.*

Cellulolytic enzymes from enzyme A had a greater
activity than enzymes B and C when were incubated at
acid or neutral pH.

In vitro degradation of the enzymes

The N-NHs concentration was constant up to 12 h
incubation, increasing at 24 h of incubation. Similar
results reported Pinos ef al.'® in an in vitro study, when
incubated Fibrozyme by 12 h; however, at 24 h incu-
bation, the N-NHs concentration remained constant.
This difference can be related to different factors like

*C
= B

AA

Figura 1. Dinamica de degradacion ruminal in vitro
de tres complejos enzimaticos.

Dynamic of in vitro ruminal degradation of three
enzymatic complexes.

comerciales (Depol 40, Liquicell 2500, Multifect
xylanase y Sumizyme).

Los resultados presentados en el Cuadro 1 indican
que las enzimas A y B tuvieron menor actividad a
pH 5.5 con los tres sustratos y la enzima C sé6lo con
xylan, estos resultados pudieron deberse en el caso
de la incubacién con celulosa cristalina y CMC a
que la mayoria de las enzimas fibroliticas tienen un
pH 6ptimo alrededor de la neutralidad; al respecto,
Morgavi et al' senalan que la mdxima actividad
con celulasas y xilanasa se obtuvo con pH 6.0 a
6.5; asimismo, pH bajos pueden afectar la actividad
enzimatica, este efecto fue notificado por Krause et
al.' al determinar la actividad de celulasas (31 UI) y
xilanasas (43.4 UI). En el presente trabajo, la actividad
enzimatica al incubar de CMC y xylan a pH 5.5
fue afectada; sin embargo, la enzima A tuvo mayor
actividad con respecto a las enzimas B y C con los
tres sustratos; en relaciéon con lo anterior, Morgavi
et al’ encontraron que las celulosas y xilanasas no
fueron afectadas por pH acidos; se ha encontrado que
enzimas de origen fungal tienen condiciones 6ptimas
en pH bajos y altas temperaturas (Rode et al.),"” lo
anterior pudiera explicar por qué la enzima C no
fue afectada en pH 5.5 cuando se incubé6 celulosa
cristalina y CMC, ya que el pH 6ptimo para bacterias
celuloliticas es de 6.5."°

Nsereko et al.” observaron que la actividad enzima-
tica varia mucho entre productos enzimadticos, aunque
se originen de un mismo microorganismo, lo cual
puede deberse a las enzimas que contenga el producto
y su habilidad para ajustarse al sitio activo de cada
sustrato; los resultados cuando se incubd celulosa
cristalina y CMC en pH 6.5, fueron que la enzima A
tuvo mayor actividad con respecto a las enzimas B y
C.

Por otra parte, los resultados de la incubacién
del xylan indican que las enzimas A y C contienen
mayor cantidad de xilosidasa y xilanasa que la enzima
B. Se han descrito valores menores en la actividad
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time of collection of ruminal fluid, level of enzyme
and variation among inoculum donors.? The rate of
degradation of the enzymes C and B was similar, but
greater for the enzyme C with respect to the enzyme
A; regarding that, it has been observed that the sta-
bility of exogenous enzymes in ruminal environment
depends on its origin and type of activity.”’18 It has
been found that when ruminal fluid is collected after
feeding the animal, the half time of degradation of
the enzymes may be increased; 2 however, in the pres-
ent study the inoculum was obtained before feeding,
but the incubation time in which enzymes remained
with the substrates was enough to observe high
digestibility values, with the exception of the enzyme
B when it was incubated with crystalline cellulose.

In vitro digestibility of pure substrates with
addition of enzymes

Morgavi et al.” observed a fall in the activity of com-
mercial fibrolytic enzymes, obtained from Tricho-
derma longibrachiatum, at 6 h incubation with ruminal
fluid. The enzymes A and C increased digestibility of
crystalline ceullulose from 12 to 24 h of incubation,
which can be attributed to a major cellulolytic activ-
ity and stability of the enzymes. In reference to that,
Pinos et al.'® found that exogenous glucosilated fibro-
lytic-enzymes have positive effects on in vitro degra-
dation of cell wall components, but in case of enzyme
B did not show cellulolytic activity on crystalline cel-
lulose, which may be due to its low cellulolytic activity
(Table 1). The enzyme C showed the higher digest-
ibility at 12 h regarding to the enzymes A and B.
However, at 24 h incubation the digestibility of the
enzyme C and B was similar and greater than that
of the enzyme C regarding to the enzyme A. The
differences in digestibility (Table 2) can be due to a
major cellulolytic activity by synergism with ruminal
microbes.

It has been reported that in vitro incubations of
CMC with ruminal fluid and purified cellulose, the
digestion of CMC is increased."” Xylan digestibility
was major for the enzyme C at 12 and 24 h incuba-
tion, even when both have the same xylanase activity
than the enzyme A, in presence of ruminal microbes
their performance results different.

On the basis of the evaluation of exogenous fibro-
lytic enzymes in the present study, stand out that the
results of the enzymatic activity using purified sub-
strates do not necessarily corresponds to a major in
vitro digestibility in presence of ruminal microbes,
which can be explained by the differences on degra-
dation rate between the enzymes and by the syner-
gism with ruminal microbes among them.

enzimatica de la xilanasa pura (90.5 a 198 UI ),’ lo
cual se puede explicar porque las enzimas utilizadas
en el presente trabajo contenian varias xilanasas y
xilosidasas, y pueden provenir de organismos distintos.
Existen diferencias en las enzimas producidas por los
organismos, se ha informado que al purificar xilanasas
de Irpex lacteus (Polyporus tulipiferae) se obtuvieron tres
tipos de xilanasas, de las cuales dos no hidrolizaban
xylan.4

Las enzimas celuloliticas de la enzima A tienen
mayor actividad que las enzimas B y C cuando se
incuba a pH neutro y acido.

Degradacion in vitro de las enzimas

La concentracion de N-NHs se mantuvo constante
hasta las 12 h de incubacion, incrementandose a las
24 h de incubacion; resultados similares encontraron
Pinos et al.'® en un estudio in vitro, cuando incubaron
Fibrozyme por 12 h; sin embargo, a las 24 h de
incubacion la concentracion de N-NHs se mantuvo
constante. Esta diferencia se puede deber a factores
como la hora de muestreo del liquido ruminal, nivel de
enzima, y la variacién entre los animales donadores.?
La tasa de degradacion de las enzimas Cy B fue similar
y mayor para la enzima C con respecto a la enzima
A; al respecto, se ha observado que la estabilidad
de las enzimas exégenas en ambiente ruminal va a
depender de su origen y tipo de actividad.'™® Se
ha encontrado que cuando el indéculo es extraido
después de alimentar al animal, el tiempo medio de
degradacion de las enzimas puede incrementarse; 2
sin embargo, en el presente estudio el inéculo se
obtuvo antes de la alimentacién, pero el tiempo
que permanecieron las enzimas con los sustratos
fue suficiente para observar altas digestibilidades a
excepcion de la enzima B cuando se incub6 celulosa
cristalina.

Digestibilidad in vitro de sustratos puros con
adicion de enzimas

Morgavi et al.” observaron disminucién en la actividad
de enzimas fibroliticas comerciales, obtenidas de
Trichoderma longibrachiatum, alas 6 h de incubacién con
liquido ruminal. Las enzimas A y C incrementaron la
digestibilidad de la celulosa cristalina de 12 a 24 h
incubacioén, lo cual puede atribuirse a mayor actividad
celulolitica y estabilidad de las enzimas. Al respecto,
Pinos et al.'® encontraron que enzimas fibroliticas
exoégenas glucosiladas tienen efectos positivos en la
degradacion in vitro de componentes de la pared
celular, pero en el caso de la enzima B no present6
actividad celulolitica sobre la celulosa cristalina, que
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