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ABSTRACT

This study aimed to determine the efficacy of exogenous fibrolytics enzymes (EFE) to create a synergy with
Saccharomyces cerevisiae (SC) or essential oil (Eucalyptus globulus) (EO) to promote the in vitro ruminal
fermentation and digestibility of wheat straw (WS). The EFE was a mixture (1:1, v/v) of -1, 3-1, 4-glucanase and
endo-1,4-B-D-xylanase produced by the Trichoderma longibrachiatum. The WS was supplemented with EFE
(EFE1=1, EFE2=2 nl/g DM), SC (SC1=0.5, SC2=1 mg/g DM), EO (EO1=30, EO2=60 pul/g DM) and the
combinations EFE1+EO1, EFE1+EO2, EFE2+EO1, EFE2+EO2 and EFE1+SC1, EFE1+SC2, EFE2+SCl,
EFE2+SC2. Compared to the control, both EFE and SC alone or in combination, improved the rate and the extent
of WS fermentation. The potential GP improved only with EFE2, SC1, and EFE24+SC2 by 31.7, 24.9, 37.4% and
the rate Rmax by 36, 59.2 and 55.2%, respectively. The organic matter digestibility and the energetic use of WS
improved with the highest doses EFE2 and EFE2+SC2. While the EO alone or combined with the EFE had a
depressive effect on all fermentation and digestibility parameters. The EFE seems to be more beneficial for the
fermentation and digestibility of WS than when it was combined with SC or EO. Therefore, there is no synergetic
effect between EFE and SC or EO with the used doses on fibrous by-product like wheat straw.
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Crop residues were traditionally used as a cheap source
of feed for livestock especially in developing countries
(Mugerwa et al. 2012). Cereal straws are considered as
fibrous feed, with a complex fibrous structure which limits
the cell wall digestibility and makes it a poor-quality feed
in its natural state (Sun 2010). In this context, numerous
number of researches have been done in order to upgrade
their nutritional value through physical, chemical and
biological treatments (Kumar et al. 2009). The use of live
yeast as feed supplements for ruminants is not a new
concept. It prevents rumen flora disorders, increases the
dry matter consumption and stimulates the activity of
ruminal microorganisms (Sontakke 2012) but the in vivo
results have been unsatisfactory (Tadesse 2014). The use
of several plant extracts also gained growing interest during
the last decade. Indeed, the essential oils were used as a
modifier of ruminal fermentation (Calsamiglia et al. 2007)
because of their selective antimicrobial activities (Hristov
et al. 2008). In recent years, there is a tendency to use the
exogenous enzymes in ruminant nutrition to improve
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ruminal fiber digestibility (Eun and Beauchemin 2007), to
stimulate feed utilization and livestock productivity. There
is little information about the synergetic effects between
exogenous fibrolytics enzymes and another type of feed
additive to enhance the ruminal use of fibrous diet. It was
proved that each feed additive has a specific mode of action,
therefore, a synergetic effect was expected (Calsamiglia et
al. 2007).Therefore, the aim of this work was to study the
effect of exogenous fibrolytics enzymes supplementation
alone and in combination with live yeast (Saccharomyces
Cerevisiae) or essential oil (Eucalyptus Globulus) on the
in vitro fermentation, kinetics of gas production and
digestibility of wheat straw.

MATERIALS AND METHODS

Substrate preparation and treatments: Samples from
wheat straw (WS) bales were collected, chopped (5 cm)
and dried overnight at 55°C. Then, it was ground in a mill
to pass through a 1 mm sieve and stored for subsequent
analysis.

In this experiment, three feed additives were assessed
for their efficacy to improve the ruminal utilization of wheat
straw. The exogenous fibrolytics enzymes (EFE) was a
combination of cellulase and xylanase (1:1, v/v) (Dyadic®
International, Inc. Jupiter, Florida) produced by
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Trichoderma longibrachiatum in liquid form. Our analysis
of EFE activities showed that it contained 22760152 IU
of xylanase, 1160107 IU of endoglucanase and 113+6.4
IU of exoglucanase.The EFE was diluted by distilled water
and then sprayed directly onto ground wheat straw samples
which were, weighed in advance in glass serum bottles (200
mg) to serve as incubation substrate with two doses; 1 and
2 ul/g DM (EFEl and EFE2). The EFE supplementation
was applied 20 h before the in vitro incubation to allow
enzyme-substrate interaction (Beauchemin er al. 2003).

The live yeast (Society of animal nutrition, SNA®)
contained approximately 10' CFU of Saccharomyces
cerevisiae/g DM live yeast (SC) as provided by the
manufacturers. The SC was mixed with the ground wheat
straw at two doses, viz. 0.5 and 1 mg/g DM (SC1 and SC2).
Then, 200 mg from the mix (wheat straw + SC) was weighed
into incubation bottles.

Eucalyptus globulus oil was purchased from Ecovillage,
Tunisia and applied to the wheat straw directly in the
incubation bottles at two different doses, viz. 30 and 60
ul/g DM (EO1 and EO2) at the time of incubation. Dosages
were selected based on previous in vitro experiment (Vilela
et al. 2012).

A combination of exogenous fibrolytics enzymes
complex and essential oil (EFE1+EO1, EFE1+EQO2,
EFE2+EO1, EFE2+EQ2) or Saccharomyces cerevisiae
(EFE1+SC1, EFE1+SC2, EFE2+SC1, EFE2+SC2) were
also assessed in this study.

Chemical analysis: The wheat straw was analysed in
triplicate to determine the chemical composition. The dry
matter (DM) was determined by oven drying at 95—-100°C,
ash by incineration at 550°C and crude protein (CP)
according to AOAC (1990). Neutral detergent fibre, acid
detergent fibre, and lignin (ADL) were analysed as
described by Van Soest et al. (1991) using an ANKOM?%0
Fibre analyser unit. The sodium sulphite and heat stable
amylase were used to determine the NDF, and both NDF
and ADF were expressed exclusively from residual ash.

The fibrolytic activity of exogenous enzymes were
assayed in triplicate for endoglucanase, exoglucanase, and
xylanase according to the procedure described by Wood
and Bhat (1988) and Bailey et al. (1992) under pH 6.6 and
39°C to reflect rumen conditions.

In vitro ruminal fermentation: The in vitro incubations
were carried out in 100 ml serum bottles as described by
Colombatto et al. (2003) and Eun and Beauchemin (2007).
The Official Animal Care Committee of the National School
of Veterinary Medicine Sidi Thabet approved the
experimental protocol. Ruminal fluid was collected from
two Holstein cows fitted with permanent ruminal cannula
before the morning feeding from different sites within the
rumen. The obtained ruminal contents were filtered through
three layers of cheese cloth and mixed into a pre-warmed
insulated flask under continuous flushing with CO,. The
particle-free ruminal fluid was mixed with a buffer solution
which was prepared in advance as described by Menke and
Steingass (1988) (pH=6) with the ratio 1:2 (ruminal fluid:
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buffer) to obtain the fermentation inoculum. Each
incubation bottle was filled with 30 ml fermentation
inoculum under a continuous stream of CO,. Immediately
after loading, bottles were closed hermetically with a rubber
stopper and crimp seal caps and incubated at 39°C. Bottles
containing rumen fluid and buffer medium without substrate
were considered as a negative control (blanks) and used to
correct the recorded gas production (GP).The fermentation
essay was repeated three times to ensure the GP results and
to minimise the experimental error. Each treatment was
conducted in triplicate in each fermentation run.

The gas production was recorded after 2, 4, 6, 8, 12, 24,
48, 72, 96 h of incubation by using a pressure transducer
connected to a visual displayer.

Statistical analysis: To describe the kinetics of gas
production over time, the following Groot function was used
(Groot et al. 1996).

A
{1 (®) }

t
Where A is the estimated potential GP (ml/g DM), B is
the time of incubation at which the half of A has been
produced (h), C is the sharpness of the curve. A, B and C
were calculated using the residual least squares method
using the reduced generalized gradient algorithm of the
solver function in Microsoft Excel software. The maximum
rate of GP (Rmax) and the time at which the maximum rate

of GPis attained (Tmax) were calculated according to Yang
et al. (2005) functions as;

GP[ml] =

(eD)
Rmax [ml/h] = AB°C { Tmax }

(1+B® x Tmax©)?

1
Tmax[h] = B{ Sl }C
C+l1

The metabolizable energy (ME) and the in vitro organic
matter digestibility (DMO) were estimated according to the
equations proposed by Menke and Steingass (1988) and
volatile fatty acids (VFA) as proposed by Getachew et al.
(1988) as:

ME [MJ/kg DM]

2.2+ (0.136 x GP,) + (0.057
x CP) + (0.00286 x EE?)
OMD [%] = 14.88 + (0.889 x GP,y,) +
(0.45 x CP) + (0.0651 x Ash)
VFA [mmol/200 mg DM] = -0.00425 + (0.0222 x GP,y;)

where, GP,y;, is the gas production (ml/200 mg DM) after
24 h of incubation, CP is the amount of crude protein
(%DM), EE is the amount of ether extract (%DM) and ash
is the amount of ash content (%DM).

The experimental was conducted in a completely
randomized design, where the results were subject to least
square analysis of variance by using the GLM procedure
of SAS studio 3.6. The feed additive types, doses and the
interaction between additive type x additive doses were
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Table 1. Effect of different doses of exogenous fibrolytics enzymes, Saccharomyces cerevisae, eucalyptus essential oil and their
combinations on the in vitro gas production during 96 h of incubation, fermentation and digestibility parameters of wheat straw (n=3)

EFE SC EO

Gas production (ml/g DM)

Fermentation parameters

Digestibility parameters

(ul/g  (mg/g (ul/g 24h 48 h 96 h A B C Rmax Tmax ME OMD VFA
DM) DM) DM)
0 0 0 139.3¢d 147.6%%  152.9«d 153¢ced 768 1,50 1254 2.8 g2cd  41.4bc .61
0 0.5 0 177.4% 185.5% 19120 1912 6.9abc  5¢fd  p7abe 2.4bc 728 4823 (78
0 1 0 178.2:b 184.54 190.5% 1912 6.4bc  14¢f  182abc  19cd 72w 48 4ab (78
0 0 30 116.4° 123.9¢ 131.4¢ 1311 4.54 1.1h 12.34 03" 56d 374 0514
0 0 60  117.9¢ 1241 130.2¢ 130f 514 1.2he q3gbed 70 56d 37600 (0.52¢4
1 0 0 166.5%¢  174.5%cd 179 qabe  f7gabed g qc ] 5ede g7 gabed g obe g gabe 46 3ab  (),73b
2 0 0 187.82b 195.9%  201.42 2012 6.2¢ 1.6¢¢  19.9a¢ 2 gbc 75w 5012 0.822
1 0.5 0 167.4 175.88bcd  181.2abc  qgpabed 7 4abp7be p5qbed 322 ggbe 4650 (73
2 0.5 0  174.3%c 182,53  188.72 1892bc  .4bc ] 5efd  qgabed 2.2bc 7.8 477 (.76
1 1 0 159.5b¢ 167.7%¢d  172.6b¢ 173bed 7420 ] 5ede g4 4cd 9 gab g 7be 452 0.7
2 1 0 197.72 204.7* 210.12 2102 6.6¢  1.5¢d  19.4abc g gbe 7 ga 51.82 0.87%
1 0 30 139¢d 145.4¢d 151.2¢d 151¢d 6.1¢ 140 152bed 17ed g 2cd 414b¢  (.61b°
2 0 30 116.7% 121.8¢f 129¢d 129¢f 5.14 1.32 16.78¢d  09¢f  56d° 3744 (.51
1 0 60 92.3¢ 97.8f 101.3¢f 99fe 3.1¢ 1.7°  19.5%¢  14ed  4.9¢ 32.94 0.44
2 0 60 86.2°¢ 88.9f 92.4f 89¢ 2.8¢ 2.12 214b 1.8 4.9¢ 324 0.394
P-value otk ok ok okt * * NS * NS sokok * *
SEM 20.77 21.4 21.5 NS NS NS NS NS NS NS NS
Polynomial contrast
Exogenous fibrolytic enzyme
Linear * * * * * NS * NS * * *
Quadratic NS NS NS NS NS NS NS NS NS NS NS
Live yeast
Linear * * * * NS NS * NS * . .
Quadratic NS NS NS NS NS NS NS NS NS NS NS
Essential oil
Linear * * * * o NS ok NS NS NS
Quadratic NS NS NS NS * NS * NS NS NS
Interactions
Additive type NS ) NS NS sokok otk ok ok ok okl sokok
Additive dose NS NS . NS * * NS NS ok o ok
Additive type x dose otk otk otk otk sokok otk ok NS * ok ok

EEF, Exogenous fibrolytics enzymes; SC, Saccharomyces cervisiae; EO, Eucalyptus essential oil; A, Estimated potential gas
production (ml/g DM); B, Time of incubation at which the half of A has been produced (h); Tyy,,, Time at which the maximum rate of
gas production is attained (h); ME, Metabolizable energy (MJ/kg DM); OMD, Organic matter digestibility (g/kg); VFA, volatile fatty
acids (mmol/200 mg ME, DM); SEM, Standard error of the mean. ¥*P<0.05, **P<0.01 and ***P<0.001.

considered as fixed factors. Data from each of the three
runs for the same sample were averaged. The mean values
of each sample (i.e. three samples of each treatment (n=3)),
were used as the experimental unit.

The model used was:

Yij=u+Aj+Dj+ (A +Dj + ¢y

where Y; is each individual observation for a given variable,
u is the overall mean, A; is the feed additive type effect
(EFE, EO, SC, EFE+EO and EFE+SC), D; additive dose
effect and e;; is the experimental error. (A;xD;) is the
interaction between additive types and doses. Duncan’s test
was used for means comparison (Duncan 1955). Treatments
significance was declared at P<0.05. Tendencies were
declared at P<0.1.

RESULTS AND DISCUSSION

The wheat straw used in this experiment contained 890

g DM/kg fresh weight, 55 g ash/kg DM, 32 g crude protein/
kg DM, 739 g NDF/kg DM, 469 g ADF/kg DM and 51g
ADL/kg DM. It was considered relatively medium in quality
with a chemical composition comparable to that published
by Agabriel (2010). The gas production kinetics, the
fermentation parameters and the energy utilization of wheat
straw depended on the type of supplemented feed additive.
Compared to the control, the recorded gas production during
the 96 h of incubation (P<0.05), the rate (Rmax) and the
extent (A) of ruminal fermentation improved linearly by
the supplementation of EFE and SC alone regardless the
dose level or combined especially with the highest doses
(EFE2+SC2). The parameters like ME, OMD and VFA
production were affected only with the EFE and EFE+SC
supplementation. It increased linearly (P<0.05) with EFE2
by 21.4, 21 and 34.4% and EFE2+SC2 by 15.4, 25.1 and
42.6% respectively.The linear effect of EFE prove that an
effective enzyme dose could improve the ruminal
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fermentation efficiency by increasing the fermentable
material available for the ruminal microbial population
because of the hydrolytic activity of EFE (Nsereko et al.
2002). In addition, Mao et al. (2013) reported that the copy
number of total ruminal bacteria increased with the cellulase
supplementation of rice straw, which could explain the
improvement of ruminal degradation of feed and the total
VFA production (Giraldo er al. 2007). Despite the different
mode of action of live yeast, it promotes the same
fermentation parameters as the EFE. In fact, it’s known that
by oxygen scavenging, the live yeast creates a
microenvironment that stimulates the growth of cellulolytic
bacteria, the attachment to fibre particles, the rate of
cellulose digestion (Sontakke 2012) and improves the
ruminal cellulolytic activities (Denev et al. 2007).

However, compared to the use of EFE or SC alone, the
effect of EFE+SC on the studied in vitro parameters was
not significant and no synergy was detected between the
EFE and the SC with all supplemented doses. Similarly,
Kholif er al. (2017) did not observe any synergetic effect
on production performances, nutrient utilization, ruminal
and blood serum measurements in goats fed with a basal
diet composed of Egyptian berseem clover and concentrate
feed mixture 40:60. So, as the wheat straw was a lignified
feed with limited nutrient composition, each feed additives
maximized the straw utilization efficiency (Kholif ef al.
2017) and no more extra benefits could be extracted by
combining EFE and SC.

The EO supplementation decreased linearly the GP from
24 h of incubation, the potential GP (P=0.03), the required
time to produce the half of potential GP (B, P=0.01) and
the required time to reach the Rmax (Tmax, P= 0.007)
regardless of the dose level, but without affecting the
fermentation rate. Despite the rapid use of fermentable
carbohydrate by the microbial population at the beginning
of the fermentation, the EO depress the growth and the
activity of ruminal microbes because of the high
antimicrobial activity of eucalyptus EO against pathogens.
But it seems to be a potent inhibitor against ruminal bacteria
especially the protozoa as reported by Nooriyan Soroor and
Rouzbehan (2017). The digestibility of wheat straw was
not affected by the EO addition, suggesting no disturbing
effect on ruminal fermentation despite the decrease of total
gas production. Therefore, we can hypothesize that the EO
addition modifies the microbial population of ruminant
without affecting the digestibility of the feed (Newbolda et
al. 2007).

The combination between EFE and EO decreased the
extent of wheat straw fermentation especially with the
highest doses (EFE2+EQO2) by 35.6% accompanied by a
rapid increase of the fermentation rate by 68%, while, the
Tmax and B decreased by 35.7% and 63% respectively.
Compared to the EFE, the EO depress the effect of EFE
regardless of the used doses, which caused an antagonist
effect on the in vitro fermentation and the digestibility of
wheat straw.

To conclude, the EFE and SC supplementation promote
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the in vitro ruminal digestibility of wheat straw. No
synergism was observed between the exogenous fibrolytics
enzymes and live yeast or Eucalyptus essential oil on
in vitro measured parameters.
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