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ABSTRACT

Aims: To evaluate the in vitro effect of an exogenous commercial enzyme blend
(Natuzyme®) on fermentation responses and methane production of corn silage based
diet.

Study Design: Completely randomized design.

Place and Duration of Study: Department of animal science, Faculty of agriculture,
Ferdowsi University of Mashhad, between November 2012 and March 20183.
Methodology: Two hundred fifty mg of milled and dried corn silage based diet in 3 runs
and four replicates was weighed into 125-ml serum bottles for an in vitro gas production
trial. A solution of a commercial enzyme blend (Natuzyme®) was added 12 hour prior to
commence of the incubation (96 h) to make treatments of 1.68 and 2.52 (g/kg). No added
enzyme bottles were considered as control. Gas production parameters at 96 h incubation
were estimated and half time of gas production (t;2) was calculated. Another gas test was
run according to t;,. All the incubations for each treatment were terminated at t;, and gas
and methane volume recorded. Apparent dry matter degradability was assessed by
centrifugation and ml methane per mg dry matter apparently degraded was calculated.
Results: Gas production parameters were not affected by addition of the enzyme blend.
Supplementation of a corn silage based diet with the enzyme as 1.68 or 2.52 g/kg dry
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matter of the diet increased apparent dry matter degradability by 21% compared with
control. Gas production, methane volume and volume of methane per mg of dry matter
apparently degraded were not influenced by incrementing level of Natuzyme®.
Conclusion: Natuzyme® at the doses applied in the current experiment was capable of
improving apparent dry matter degradability of corn silage based diet.
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1. INTRODUCTION

The use of exogenous fibrolytic enzyme products (EFE) to improve feed utilization by
ruminants has attracted growing interest [1]. The primary objective of using feed enzymes is
to enhance availability of nutrients that are locked within cell wall components. The use of
fibrolytic enzymes as feed additives to improve degradation of fiber has been studied under
in vitro, in situ and in vivo conditions, but the responses have been highly variable [2]. The
effects of enzymes on digestion responses are influenced by several factors such as type
and dose of enzyme, type of diet fed to animals, enzyme application method, and even the
level of animal productivity [3]. Regarding the factors related to the diet, the effectiveness of
fibrolytic enzymes has been shown to vary with forage [4,5], enzyme application method
[6,7] and the component of the diet to which the enzyme is added [3]. To the best of our
knowledge, there are few studies in which the attributable factors addressing the effect of
exogenous fibrolytic enzymes on methane production are evaluated and discussed. This
study was designed to evaluate the in vitro effect of an exogenous commercial enzyme
blend (Natuzyme®) on fermentation responses and methane production of a corn silage
based diet.

2. MATERIALS AND METHODS
2.1 Experimental Diet, Enzyme Mixture and Enzyme Administration

The composition of the tested diet is represented in Table 1. Samples of particle size of 1
mm were oven dried (Behdad Co., BC Oven 70, 3493, Iran) at 65°C for 48 h [8] and 250 mg
of each were weighed and placed in four replicates into 125-ml capacity serum bottles just
before enzyme application. Enzyme was used at two concentrations (as recommended by
the manufacturer) such as 1.68 and 2.52 g/kg DM (E1and E2, respectively). Enzyme was
mixed with double distilled water (DDW) to maintain the moisture content of the test feed in
the serum bottles equal to 45% on weight basis. The control bottles were added DDW with
no enzyme (EQ). The suspension of DDW and enzyme was poured directly to feed samples
in bottles 12 hours prior to the incubation. Bottles were closed with rubber caps and kept at
room temperature (25°C). Natuzyme® was a powdered multi-enzyme commercially
available feed additive (M/s Bioproton, Australia) containing (per gram of enzyme
preparation) cellulase (4200 units), xylanase (2500 units), B-glucanase (500units), protease
(3000 units), and amylase (750 units) activities, as indicated by the manufacturer.
Natuzyme® also contains hemicellulase, amyloglycosidase, pentosanase, pectinase and
phytase activities. Natuzyme® is a micro-granulated enzyme product and possesses a wide
pH range, stability and temperature tolerance.
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2.2 In vitro Gas Production Technique

The gas production procedure was performed as described by Grings et al. [9]. Rumen
inoculum was collected from three ruminally fistulated steers (580 + 4.5 kg, body weight)
prior to offering the morning feeding. Animals were fed 10.4 kg DM, a diet containing alfalfa
hay (50%), wheat straw (20%), barley grain (15%), soybean meal (14%) and mineral-vitamin
premix (1%). Ruminal content was immediately blended and strained through four layers of
cheesecloth to eliminate large feed particles and transferred to the laboratory in a pre-
warmed thermos. A sample of 250 mg was weighed into a 125-ml serum bottles in 3 runs
and 4 replicates. The filtrate was then mixed with carbonate buffer (containing ammonium
bicarbonate at 4 g/l) and sodium bicarbonate (35 g/l in N-rich incubation medium and only
sodium bicarbonate at 39.25 g/l in N-low medium), macro-mineral solution (5.7 g anhydrous
Na2HPO4, 6.2 g anhydrous KH2PO4 and 0.6 g MgS0O4-7H20 per liter), and deionized water
in a ratio of 1:1:0.5:1.5 and 0.1 ml micro-mineral solution (13.2 g CaCl2-2H20, 10.0 g
MnCI2-4H20, 1 g CoCI2-:6H20 and 8.0 g FeCI3-6H20 per 100 ml) was added.

Table 1. Ingredients and chemical composition of the corn silage based diet

_Ingredients Amount, DM (g/kg)
Alfalfa hay 109
Corn silage 383
Wheat straw 22
Corn grain 80
Barley grain 80
Wheat grain 22
Soybean meal, 44% CP 70
Wheat bran 60
Cottonseed meal 60
Wheat residue 24
Sugar beet pulp 44
Fish meal 16
Fat powder 5
Calcium carbonate 4
Magnesium oxide 1
Mineral supplement 5

Chemical composition (g/kg)

Ash 59
CP 166
NDF 340
Ether Extract 51

The medium was then reduced by addition of 41.7 ml reducing agent (40 ml deionized water,
1 ml 1N NaOH and 1 gNa2S-9H20) per liter. Twenty milliliters of medium were dispensed
into a 125-ml glass serum bottle whose top were stopped with rubber and aluminum cabs
and placed in a 39 'C water bath for 96 h. Blank samples were also incubated
simultaneously to make correction in gas production, if any, from the medium. Rumen liquor
was handled under a constant stream of CO, and all containers used were pre-warmed at
392 C and filled with CO,. Gas production was measured at 2, 4, 6, 8, 10, 12, 24, 48, 72 and
96 h of the incubation by inserting a 23 gauge (0.6 mm) needle attached to a pressure
transducer (model PX4200- 015GI, Omega Engineering, Inc.,Laval, Que., Canada)
connected to a visual display (Data Track, Christchurch, UK) into the head space of serum
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bottles [9]. The transducer was then removed leaving the needle in place to permit venting.
Pressure values were corrected for the amount of substrate organic matter (OM) incubated
and the gas released from negative controls. In order to prevent accumulation of produced
gases, the gas in the head space of each bottle was released. After subtraction of gas
production from blank bottles, data were fitted to the exponential model of Jrskov and
McDonald [10]:

y=Ax (1 -¢e%

)
where, y is the cumulative volume of produced gas at time t (h), A is the asymptotic gas
volume(ml/250 mg DM), ¢ is fractional constant rate (ml/h).

Halftime of gas production (t1/2) [i.e., the time (h) when half of the asymptotic gas volume (A;
ml) was produced] was calculated as:

ty2=1In2/c

After the initial 96 h gas run, &, was calculated and a second incubation with the diet as
substrate was conducted to obtain degradability measures at substrate-specific times (i.e.,
tio for each substrate). Collection and handling of ruminal fluid was the same as that
described for the 96 h incubations. The only difference with the previous section was that
500 mg of DM of the experimental diet was placed in 3 runs and 3 replicates and 40 ml of
the medium was dispensed in serum bottles. The incubations were terminated at f1/2 and the

volume of gas was recorded. Methane volume in each bottle at t1/2 was recorded using
Biogas Detector Device, SR2-Bio, SEWERIN, UK. Apparent substrate degradability was
determined and calculated at t1/2 by high speed centrifugation (13000 RPM, 20 min) of the
incubation residue [11] followed by suspending into an iced water bath to stop fermentation.
All blank samples were centrifuged (13000 RPM, 20 min) and supernatant collected, frozen
and stored. Residue was weighed and used to correct apparent substrate degradability from
the ruminal inoculum.

2.3 Calculations and Statistical Analyses

Data were statistically analyzed as a completely randomized design with three
concentrations of enzymes as treatments on the following model:

Yi=u+Ei+e,
where, y = depended variable, pu = overall mean, E; = effect of enzyme level and g; = residual
error. All the statistical analyses were performed using the general linear models procedures

of SAS (1999, V. 8.2). Differences between means were assessed by Tukey test at P = 0.05.

3. RESULTS AND DISCUSSION

Results of asymptotic gas volume, halftime (t12) of gas production and fractional constant
rate are shown in Table 2. It has been indicated that the supplementation of the total mixed
ration with Natuzyme® had no punctual effect on gas production parameters (A and c) at

t1/2. The use of fibrolytic enzymes as feed additives to improve degradation of fiber has been

1069



Annual Review & Research in Biology, 3(4) 1066-1073, 2013

studied under in vitro, in situ and in vivo conditions, but, results were inconsistant [2]. There
are several factors such as enzyme doses [12] and type of diet [13] which may affect the
fibrolytic activity of exogenous enzymes [3]. Cumulative gas production and the gas
production rate were not significantly affected by enzyme supplements. Yang et al. [14]
examined an enzyme product on a low forage diet at the amount of 50 mg/kg of total mixed
ration (DM basis) using a gas test method. They did not find any significant response of
cumulative gas production and gas production rate to enzyme supplements. They
interpreted that according to the synergistic act of exogenous enzymes with inhabitant
enzymes of the rumen, rumen inoculums must be obtained from animals fed with diets
supplemented with fibrolytic enzymes. Giraldo et al. [15] stated that prolonged gas
production trial would not make a marked effect of enzyme supplementation on fermentation
parameters. Our results were confirming to previous results [5,16,17], which showed that the
treatment with enzymes stimulated the initial phases of substrate degradation, but the effects
were reduced as incubation time increased. Gonzalez-garcia et al. [18] conducted an
experiment using a gas production technique to assess the effect of an enzyme preparation
on fermentation parameters and found no trace of remarkable effect of enzyme
supplementation on cumulative gas production which is in consistent with results of the
present experiment. However, the constant rate of gas production was significantly reduced
or the treated diet with enzyme preparation which was not observed in the present study.
Results of apparent dry matter degradability, cumulative gas production, methane production

and methane per mg of ADMD at t1/2 are presented in Table 3. Dry matter degradability of
the diet was increased significantly by 21 percent for E1 and E2 at t;, compared to EQ (0.47
and 0.47 vs. 0.39) as the amount of dry matter degradability for E1 and E2 was exactly the
same. Increase in diet degradability for E2 and E1 was same in level as compared to EO.
Wallace et al. [19] showed that in vitro disappearance of dry matter and NDF was improved
by 6.28% and 2.58%, respectively, after 36 h of incubation, when an exogenous fibrolytic
enzyme blend was added to a diet having 0.57:0.43 forage to concentrate ratio. In our study,
the enzyme mixture was applied 12 hours prior to the in vitro incubation as pre-treatment of
the milled diet to allow for an enzyme-substrate interaction time as recommended by
Beauchemin et al. [3]. Although it is hypothesized that a prolonged in vitro gas production
trial would be a controversy in interpreting the overall results [5,16,17], it seems that under

current conditions of the present study, t1/2 could be a remarkable feature to be taken as the
basis of the calculations [20,21].

Table 2. Asymptotic gas volume (A), halftime of gas production (t,,,) and fractional
constant rate (c, %/h) at t,, for the test diet treated with different levels of powdered
multi-enzyme (0.0, 1.68 and 2.52 g/kg substrate DM)

Parameters' Enzyme Level SEM?
EO E1 E2

A (ml) 72.49 73.73 74.40 1.03

t (h) 1824  17.77 19.25 0.97

c(h?) 0.038  0.039 0.036 0.003

"Different superscript letters in each row indicate significant differences (P=.05).
2SEM = standard error of the means.
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Table 3. Apparent dry matter degradability at t;,, (ADMD), percentage of produced
methane at t;, , gas production at t,, volume of produced methane at t,, and
produced methane per mg of ADMD at t;, (MD) with different levels of powdered
multi-enzyme (0, 1.68 and 2.52 g/kg substrate DM).

Parameters' Enzyme level SEM?
EO E1 E2

ADMD 0.39° 047°  047° 0.57

GPyy2 (ml) 43.69 43.68 43.10 0.37

Methane (ml) 5.10 4.69 517 0.24

MD (ml/mg ADMD) 0.022 0.020  0.022  0.001

"Different superscript letters in each row indicate significant differences (P=.05).
2SEM = standard error of the means.

Despite the amount of the other traits was numerically improved, enzyme supplements had
no significant effect on ml of methane production, ml of gas production and amount of

produced methane per mg dry matter apparently degraded at t1/2. To date, few studies have
investigated the effect of exogenous enzymes on methane production in the rumen, and
their results are conflicting [14]. Giraldo et al. [15] reported that the treatment of a 0.7:0.3
grass hay:concentrate substrate with three fibrolytic enzymes increased NDFD by 15.9 to
26.4% and methane production by 14.3 to 24.6% in Rusitec fermenters. In contrast,
Colombatto et al. [5] reported that adding a fibrolytic enzyme to a 0.6:0.4 forage:concentrate
substrate increased NDF degradability by 43% without affecting methane production in
dual-flow continuous fermenters, and McGinn et al. [22] found no effect of the same enzyme
on fiber digestibility and methane production in steers fed a barley silage based diet.

Differences in the response observed in different studies are probably related to the type of
enzyme used, but also to the different experimental conditions, since methane production is
affected by many factors, such as the type of diet, microbial populations and ruminal pH [23].

4. CONCLUSION

Natuzyme® is an enzyme mixture generated to improve dry matter degradation in the
gastrointestinal tract. In vitro findings of this experiment indicated that this product would
have the ability to induce degradation of a corn silage based diet by 21 percent under
current experimental conditions. Gas production parameters were not affected by enzyme
supplement. Furthermore, volume of methane, gas production at t1/2 and produced methane

per mg of ADMD at t1/2 were not a target of enzyme activity in this trial. These findings
confirmed that the increase in dry matter degradability of the test diet used in the present
study might not use for ATP production in bacteria as gas production, gas production rate
and methane production are not influenced by the enzyme levels applied. However, there is
still need to determine the incorporation of organic matter disappeared from the substrate
into bacterial cell growth in rumen.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the technical and financial support of Ferdowsi
University of Mashhad and Dr. Mali (TFARIA Pty. Ltd. Company, Iran).

1071



Annual Review & Research in Biology, 3(4) 1066-1073, 2013

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Eun JS, Beauchemin KA, Schulze H. Use of Exogenous Fibrolytic Enzymes to
Enhance In Vitro Fermentation of Alfalfa Hay and Corn Silage. J Dairy Sci.
2007;90:1440-1451.

Almaraz |, Gonzalez SS, Pinos-Rodriguez JM, Miranda LA. Effects of exogenous
fibrolytic enzymes on in sacco and in vitro degradation of diets and on growth
performance of lambs. Ital J Anim Sci. 2010;9:6-10.

Beauchemin KA, Colombatto D, Morgavi DP, Yang WZ. Use of exogenous fibrolytic
enzymes to improve feed utilization by ruminants. J Anim Sci. 2003;81(Suppl.2):E37-
E47.

Wang Y, McAllister TA, Rode LM, Beauchemin KA, Morgavi DP, Nsereko VL, Iwaasa
AD, Yang W. Effects of an exogenous enzyme preparation on microbial protein
synthesis, enzyme activity and attachment to feed in the rumen simulation technique
(Rusitec). Br J Nutr. 2001:85:325-332.

Colombatto D, Hervas G, Yang WZ, Beauchemin KA. Effects of enzyme
supplementation of a total mixed ration on microbial fermentation in continuous
culture, maintained at high and low pH. J Anim Sci. 2003;81:2617-2627.

Yang WZ, Beauchemin KA, Rode LM. A comparison of methods of adding fibrolytic
enzymes to lactating cow diets. J Dairy Sci. 2000:83:2512-2520.

Giraldo LA, Ranilla MJ, Tejido ML, Carro MD. Influence of exogenous fibrolytic
enzyme and fumarate on methane production, microbial growth and fermentation in
Rusitec fermenters. Br J Nutr. 2007;98:753—-761.

Association of Official Analytical Chemists. Official Methods of Analysis. 15" ed.
AOAC, Arlington, VA; 1990.

Grings EE, Blummel M, Sudekum KH. Methodological considerations in using gas
production techniques for estimating ruminal microbial efficiencies for silage-based
diets. Anim Feed Sci Technol. 2005;123-124:527-545.

Orskov ER, McDonald I. The estimation of protein degradability in the rumen from
incubation measurements weighted according to rate of passage. J Agri Sci Camb.
1979;92:499-503.

Blummel M, Lebzien P. Predicting ruminal microbial efficiencies of dairy ration by in
vitro techniques. Livest Prod Sci. 2001;68:107-117.

Colombatto D, Mould FL, Baht MK, Owen E. Influence of exogenous fibrolytic enzyme
level and incubation pH on the in vitro ruminal fermentation of alfalfa stems. Anim
Feed Sci Technol. 2007;137:150-162. ]
Pinos-Rodriguez JM, Moreno R, Gonzalez SS, Robinson PH, Mendoza G, Alvarez
GA. Effects of exogenous fibrolytic enzymes on ruminal fermentation and digestibility
of total mixed rations fed to lambs. Anim Feed Sci Technol. 2008;142:210-219.

Yang WZ, Beauchemin KA, Rode LM. A comparison of methods of adding fibrolytic
enzymes to lactating cow diets. J Dairy Sci. 2000:83:2512-2520.

Giraldo LA, Tejido ML, Ranilla MJ, Ramos S, Carro MD. Influence of direct-fed
fibrolytic exogenous enzymes on diet digestibility and ruminal activity in sheep fed a
grass hay-based diet. J. Anim. Sci. 2008;86:1617-1623.

1072



16.

17.

18.

19.

20.

21.

22.

23.

Annual Review & Research in Biology, 3(4) 1066-1073, 2013

Nsereko VL, Morgavi DP, Rode LM, Beauchemin KA, McAllister TA. Effects of fungal
enzyme preparations on hydrolysis and subsequent degradation of alfalfa hay fiber by
mixed rumen microorganisms in vitro. Anim Feed Sci Technol. 2000;88:153—170.
Giraldo LA, Ranilla MJ, Tejido ML, Carro MD. Influence of exogenous fibrolytic
enzyme and fumarate on methane production, microbial growth and fermentation in
Rusitec fermenters. Br J Nutr. 2007;98:753—-761.

Gonzalez-Garcia E, Caja G, Albanell E, Casals R, Such X. In vivo digestibility and in
vitro gas production of diets supplemented with fi brolytic enzymes in dairy goats. J
Anim Feed Sci. 2008;17:530-537.

Wallace RJ, Wallace SJA, McKain N, Nsereko VL, Hartnell GF. Influence of
supplementary fibrolytic enzymes on the fermentation of corn and grass silages by
mixed ruminal microorganismes in vitro. J Anim Sci. 2001:79:1905-1916.

France J, Dhanoa MS, Theodorou MK, Lister SJ, Davies DR, Isac D. A model to
interpret gas accumulation profiles associated with in vitro degradation of ruminant
feeds. J Theor Biol. 1993;163: 99—-111.

Krishnamoorthy H, Steingass H, Menke KH. Preliminary observations on the
relationships between gas production and microbial protein synthesis in vitro. Arch
Tierernahr. 1991;41:521-526.

McGinn SM, Beacuchemin KA, Coates T, Colombatto D. Methane emissions from
beef cattle: effects of monensin, sunflower oil, enzymes, yeast, and fumaric acid. J
Anim Sci. 2004;82:3346-3356.

Jahani-Azizabadi H, Danesh Mesgaran M, Vakili AR, Rezayazdi K, Hashemi M. Effect
of various medicinal plant essential oils obtained from semi-arid climate on rumen
fermentation characteristics of a high forage diet using in vitro batch culture. Afr J
Microbiol Res. 2011;5:27:4812-4819.

© 2013 Faramarzi-Garmroodi et al.; This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=239&id=9&aid=1943

1073



