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Introduction

Agro-industrial by-products are annually pro-
duced worldwide. Such by-products could be used 
in animal feeding contributing to overcome the 
shortage of animal feedstuffs. However, fibrous by-
products are characterized by high lignin content, 
low protein content, and low digestibility which, in 
addition to the poor palatability of lignocellulosic 
biomass, can limit its use as a unique ingredient in 
diets and its inclusion level in a complete diet. Lig-
nin is known to reduce the digestibility of plant cell 
wall (Shrivastava et al., 2014). Despite the existence 
of physical (i.e., grinding) and chemical (i.e., soak-
ing with sodium hydroxide or alkaline hydrogen 

peroxide solutions (Ghasemi et al., 2013)) methods 
to improve the nutritive value of fibrous by-prod-
ucts, research is currently focused on biological ap-
proaches, more environmentally friendly and wide-
ly acceptable (Basu et al., 2002; Kuhar et al., 2008; 
Neifar et al., 2013). 

Organisms such as white rot fungi, some soil 
microbes and some insects are known to have the 
ability to degrade lignin (Borji, 2003). Insects such 
as beetles, cockroaches and termites are able to use 
wood as a feed source. Ability of termites to digest 
lignin barrier and polymer carbohydrates has been 
well demonstrated (Hyodo et al., 1999; Watanabe 
and Tokuda, 2010). In recent years increased 
attention has been paid to the role of bacteria in 
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degrading lignin and other lignocellulosic materials. 
Indeed, bacteria isolated from termite gut with 
aromatic degrading capacity have been reported 
(Chung et al., 1994; Harazono et al., 2003; Bugg 
et al., 2011). An earlier study demonstrated that 
termites could degrade natural and synthetic lignin 
and related compounds by the action of their gut 
microorganisms (Butler and Buckerfield, 1979). 
It was found that 28% of dealkalized lignin and 
60–95% of lignin dimer compounds were degraded 
when a culture media containing ligninic compounds 
was incubated with mixed bacteria isolated from 
the gut of termite Nasutitermes takasagoensis 
(Kato et al., 1998). Moreover, Borji (2003) isolated 
Bacillus sphaericus, Enterobacter cloacae and 
Ochrobactrum anthropi from the gut of termite 
Anacanthotermes vagans and showed their ability to 
grow on media containing lignin and lignocellulose 
as the sole source of carbon and energy.

Processing agricultural by-products with symbi-
otic lignocellulose-degrading bacteria from termite 
gut could improve their nutritive value through the 
degradation of lignin, a compound resistant to ru-
men fermentation, thus increasing plant cell wall di-
gestibility (Salman et al., 2008; Okano et al., 2009). 
Information on the use of these processed by-prod-
ucts in ruminants is scarce, with few data available 
on the effects of processing on nutritive value, ru-
men fermentation, and overall animal. In our pre-
vious work, incubation of lignocellulosic biomass 
from wheat straw (LBWS) and date (Phoenix dac-
tylifera) leaf (LBDL) for 6 weeks with lignocellu-
lose-degrading bacteria isolated from termite gut 
partially changed their chemical composition, while 
increased nutrients digestibility (Azizi-Shotorkhoft 
et al., 2016). We hypothesized that decreasing the 
processing period from 6 to 3 weeks may have a sim-
ilar outcome on nutrients digestibility, thus result-
ing in a more feasible process of ruminant nutrition. 
The fibrous by-products used to test our hypothesis 
were wheat straw and date leaf. Cereal straws are an 
important feed resource worldwide, also date palm 
tree production and resulting from it by-products 
are increasing (Chao and Krueger, 2007). In fibrous 
by-products, the carbohydrate accessibility consti-
tutes a main bottleneck due to its embedment in lig-
nin matrix. Thus, a successful treatment would be 
crucial to convert these lignocellulosic compounds 
to value-added products. Therefore, this study was 
carried out to investigate the chemical composition 
and in vitro gas production (IVGP) and fermentation 
parameters of LBWS and LBDL treated for 3 weeks 
with three different bacteria (Bacillus licheniformis, 

Ochrobactrum intermedium and Microbacterium 
paludicola) with lignin and lignocellulose-degrad-
ing potential isolated from the gut of Microcero-
termes diversus termite. 

Material and methods

Lignocellulolytic bacteria isolation
Three bacteria (B. licheniformis, O. intermedium 

and M. paludicola) were isolated from the gut of the 
termite M. diversus as described by Azizi-Shotorkhoft 
et al. (2016). These isolates were grown on different 
culture media (terrific buffer, Siu (1951); and sterile 
basal media, Cartwright and Holdom (1973). The 
isolates were screened based on lignin peroxidase 
activity and identified using 16S rRNA sequence 
analysis (Azizi-Shotorkhoft et al., 2016), and 
maintained in nutrient broth (Fahy and Persley, 1983).

Inoculation of substrate lignocellulosic 
biomass with isolated bacteria

Wheat straw and date leaf samples were ground 
in a hammer mill with a 1-mm screen (Arthur Hill 
Thomas Co., Philadelphia, PA, USA), and extracted 
with boiling water for 1 h (4 changes of water dur-
ing extraction) to separate lignocellulose from wa-
ter-soluble carbohydrate and protein fractions. Lig-
nocellulosic biomass was dried for 48 h at 60 °C and 
incubated with lignocellulose degrading bacteria in 
1l-Erlenmeyer flasks with M9 medium (Kato et al., 
1998). After sterilization, each flask was inoculated 
with 3 ml of each bacterial culture, grown for 48 h, 
and maintained in a shaking incubator for 3 weeks 
at 37 °C under aerobic conditions. Equally managed 
flasks with substrates but without added bacteria 
were also incubated and served as controls. A total 
of 16 flasks were prepared (2 substrates × 4 treat-
ments, 2 replicates in each treatment).

At the end of the incubation period, contents of 
each flask were filtered and the residue was collected 
and dried for 48 h at 60 °C. Dry matter (DM) loss 
of each treatment during incubation was calculated 
from the difference between the weight of the sample 
before and after incubation. Obtained residues were 
incubated with rumen inocula in short term in vitro 
trials to evaluate effects of biological treatments of 
LBWS and LBDL on rumen fermentation parameters. 

Rumen contents collection
Rumen inocula were obtained from adult, dry 

and not pregnant Holstein cows fitted with a rumen 
cannula (10 cm diameter; Bar Diamond Inc., Parma, 
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ID, USA). Cows were housed at the Agricultural 
Campus of Abel Salazar Biomedical Sciences 
Institute, University of Porto (ICBAS-UP, Vairão, 
Vila do Conde, Portugal) and were handled in strict 
accordance with good animal practice (European 
Union Directive 2010/63/EU). Experimental animal 
procedures were previously approved, licensed and 
conducted by trained scientists, as described by Maia 
et al. (2016).

Two cows were fed two different total mixed ra-
tions for two-week adaptation period to achieve true 
replicates. After rumen inocula collection, diets were 
swapped between cows. Two total mixed rations were 
based either on wheat straw or hay silage and con-
tained in 1 kg of DM: 141 g crude protein (CP) and 
598 g neutral detergent fibre (NDF), and 117 g CP and 
659 g NDF, respectively. Cows were fed twice a day, 
at 9:00 and 17:00, the daily amount of feed equally 
offered at both meals, and had continuous access to 
fresh drinking water. After the two-week adaptation 
period to the diet, rumen contents were collected from 
all quadrants of the rumen of each cow and placed in 
a pre-warmed (39 °C) thermal container. Rumen con-
tents were transported to the laboratory, individually 
homogenized and strained through 4 layers of linen 
cloth under O2-free CO2. The length of time between 
collection of rumen contents and incubation never 
exceeded 60 min.

Rumen in vitro incubations
For each substrate (i.e., LBWS or LBDL) a total 

of 40 bottles [4 treatments (no added bacteria, and 
treated with B. licheniformis, O. intermedium and 
M. paludícola) × 2 inocula (from cows fed a total 
mixed ration based on wheat straw or hay silage) × 
2 replicates (two flasks per treatment) × 2 periods 
(each cow was fed two total mixed rations in two 
periods) = 32 and blanks (i.e., rumen fluid only) in 
duplicate per donor and per period (2 replicates × 
2 donor × 2 period = 8 bottles)], were incubated; 
20 bottles for IVGP and another 20 for fermentation 
parameters estimation. Kinetics of in vitro gas 
production was measured as described by Marten 
and Barnes (1980) for 144 h due to the high fibre 
content of the substrates used. Approximately  
250 mg sample, DM basis (with particle size of 
1 mm), were accurately weighed into 125 ml-serum 
bottles. Each bottle was filled with 5 ml strained 
rumen fluid and 20 ml Marten and Barnes (1980) 
buffer solution, and immediately flushed with 
O2-free CO2, closed with a butyl rubber stopper, 
sealed with aluminium crimp, shaken and placed in 
a water-bath at 39 °C. Volume of gas produced was 
recorded at 3, 6, 8, 12, 16, 24, 48, 72, 96, 120 and 

144 h using a digital pressure transducer (Tracker 
200, Baley and Mackey, Ltd., Birmingham, UK) 
(Theodorou et al., 1994).

Fermentation parameters were determined after 
48 h of incubation. Bottles were placed in an ice-
bath to stop fermentation, and gradually warmed up 
to 25 °C. The volume of gas produced was recorded, 
and bottles were uncapped for immediate measure-
ment of pH (GLP22+ pH meter; Crison Instruments 
SA, Barcelona, Spain). Samples of supernatant 
(5 ml) from each bottle were immediately preserved 
with 5 ml of HCl 0.1 N and stored at −20 °C for 
ammonia nitrogen analysis (#954.01; AOAC Inter-
national, 1995). For determination of volatile fatty 
acids (VFA), 1.0 ml of supernatant was added to 
0.25 ml 25% orthophosphoric acid solution with  
16 mM 3-methyl-valeric acid (internal standard; 
Sigma-Aldrich Inc., St. Louis, MO, USA) and 
stored at −20 °C. Ammonia nitrogen was deter-
mined by steam distillation and VFA by gas liquid 
chromatography as described by Maia et al. (2016). 
Fermentation residues were oven-dried at 60 °C for 
48 h for estimation of DM disappearance (DMD).

Calculations
The exponential equation of Ørskov and Mc-

Donald (1979) was used to estimate the kinetic pa-
rameters throughout the in vitro fermentation:

Y = a + b (1 − e−ct)
where: Y – volume of gas produced at time t; 
a – gas produced from soluble fractions (ml); b – gas 
produced from insoluble but fermentable fractions 
[the asymptotic gas production (ml)]; c – rate of gas 
production (h−1), and t – incubation time (h).

The DM and neutral detergent fibre (NDF) dis-
appearance (%) at 48 h of incubation were calcu-
lated as the difference between their content in the 
sample before incubation and their amounts in the 
residue after ruminal incubation.

Chemical analyses
Samples of LBWS and LBDL were analysed for 

DM (#930.15), ash (#924.05) and N (#954.01) us-
ing standard methods as described in AOAC Inter-
national (1995). The NDF (inclusive of residual ash) 
was measured without the use of sodium sulphite or 
amylase according to Van Soest et al. (1991). Acid 
detergent fibre (ADF; #973.18) was determined and 
expressed inclusive of residual ash (AOAC Inter-
national, 1995). Acid detergent lignin (ADL) was 
determined using the sulphuric acid method and 
expressed inclusive of residual ash (Robertson and 
Van Soest, 1981).
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Statistical analysis
For each substrate (LBWS or LBDL), all pa-

rameters (including IVGP, fermentation parameters 
and nutrient disappearance) were analysed using the 
GLM procedure of SAS® software (SAS Institute 
Inc., Cary, NC, USA), according to the model:

Yij = µ + Ti + eij

where: Yij – measured value, µ – general mean, 
Ti – effect of isolated bacteria on investigated pa-
rameters, and eij – residual error. Means were com-
pared by the Duncan multiple comparison test. 
Significance was declared at P < 0.05.

Results

Chemical composition
As shown in Tables 1 and 2, bacterial treat-

ments increased (P < 0.05) weight loss of both 
LBWS and LBDL in comparison to control. For 
LBWS, the highest weight loss was observed with 
B. licheniformis, but not differing from M. paludi-
cola. All treatments similarly increased weight loss 
of LBDL. 

The OM content decreased with the inoculation 
of LBWS with B. licheniformis and M. paludico-
la. Crude protein content only decreased after in-
oculation of LBWS with B. licheniformis while all 
treatments decreased NDF content. Acid detergent 
content tended to be lower (P = 0.087) in LBWS 
inoculated with M. paludicola, while ADL con-
tent remained unchanged. Bacterial treatments of 
LBDL tended to decrease CP (P = 0.086) and NDF 
(P = 0.059) contents, whereas B. licheniformis and 
M. paludicola inoculation decreased ADF content 
(P < 0.02), and ADL content remained unchanged. 

In vitro gas production, nutrient 
disappearance and fermentation parameters

After 144 h incubation, gas production from 
soluble fractions (parameter from the model of 
Ørskov and McDonald, 1979) of LBWS was the 
highest for control (P < 0.05), but not different 
from LBWS inoculated with O. intermedium  
(Table 3). 

Table 1. Weight loss and chemical composition of lignocellulosic bio-
mass from wheat straw not inoculated (control) and inoculated with 
three bacteria isolated from termite gut 

Indices, % DM Biological treatments SEM P-valuecontrol BL MP OI
Weight loss (DM)  3.67c  9.67a  7.45ab  6.67b 0.701 0.017
OM 93.0a 92.2b 91.8b 93.0a 0.12 0.004
CP (N × 6.25)  4.52a  2.48b  5.97a  5.89a 0.427 0.013
NDF 93.7a 89.0c 89.6bc 90.6b 0.27 0.001
ADF 61.7 61.5 60.8 61.2 0.19 0.087
ADL 13.1 12.1 12.0 13.0 0.55 0.417
BL – Bacillus licheniformis; MP – Microbacterium paludicola;  
OI – Ochrobactrum intermedium; DM – dry matter; OM – organic mat-
ter; CP – crude protein; NDF – neutral detergent fibre (with residual 
ash); ADF – acid detergent fibre; ADL – acid detergent lignin; SEM – 
standard error of means; abc – means within a row with different super-
scripts are significantly different at P < 0.05

Table 2. Weight loss and chemical composition of lignocellulosic bio-
mass from date leaf not inoculated (control) and inoculated with three 
bacteria isolated from termite gut 

Indices, % DM
Biological treatments

SEM P-value
control BL MP OI

Weight loss (DM)  2.44b  7.67a  6.45a  5.78a 0.601 0.014
OM 88.7 87.9 88.8 88.3 0.23 0.148
CP (N × 6.25)  5.51  5.62  6.88  8.13 0.570 0.086
NDF 93.4 90.8 89.2 90.9 0.70 0.059
ADF 74.4a 73.7b 73.9b 74.3a 0.10 0.020
ADL 28.6 28.4 29.0 28.7 0.68 0.939
BL – Bacillus licheniformis; MP – Microbacterium paludicola;  
OI – Ochrobactrum intermedium; DM – dry matter; OM – organic mat-
ter; CP – crude protein; NDF – neutral detergent fibre (with residual 
ash); ADF – acid detergent fibre; ADL – acid detergent lignin; SEM – 
standard error of means; abc – means within a row with different super-
scripts are significantly different at P < 0.05

Table 3. In vitro fermentation parameters of lignocellulosic biomass 
from wheat straw not inoculated (control) and inoculated with different 
bacteria isolated from termite gut

Indices
Biological treatments

SEM P-value
control BL MP OI

IVGP 56.2 56.5 55.4 56.4 1.19 0.911
a  3.74a  1.85b  2.30b  3.10ab 0.462 0.034
b 51.9 53.7 52.5 52.7 1.32 0.801
a+b 55.7 55.6 54.8 55.8 1.29 0.948
c  0.032  0.039  0.036  0.032 0.0029 0.209
DMD 32.4 34.5 34.3 35.7 1.27 0.349
OMD 33.1 34.5 35.0 34.2 0.70 0.486
NDFD 35.9 35.1 35.7 34.6 1.69 0.934
ME  4.87  5.11  5.13  5.03 0.133 0.530
pH  6.13  6.08  6.12  6.13 0.021 0.391
NH3-N 21.1b 18.5b 30.3a 15.8b 2.15 0.001
BL – Bacillus licheniformis; MP – Microbacterium paludicola;  
OI – Ochrobactrum intermedium; IVGP – in vitro gas production after 
144 h of incubation (ml); a – the gas production from soluble fractions 
after 144 h (ml); b – the gas production from insoluble but fermentable 
fractions after 144 h (ml); a+b – potential of degradability of the mate-
rial after 144 h incubation (ml); c – rate constant of gas production 
during incubation (/h); DMD – dry matter (DM) disappearance (%); 
OMD – organic matter (OM) disappearance (%); NDFD – neutral de-
tergent fibre disappearance (%); ME – estimated metabolizable en-
ergy (MJ/kg DM); NH3-N – ammonia nitrogen (mg/dl); SEM – standard 
error of means; ab – means within a row with different superscripts are 
significantly different at P < 0.05
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For LBDL, the highest (P < 0.05, Table 4) gas 
production from insoluble but fermentable fractions 
(i.e., b) was observed in the control group. Other 
IVGP characteristics were unaffected (P > 0.05) by 
bacterial treatment in both substrates. For LBWS 
(Table 3), except for ammonia nitrogen concentration 
which was the highest (P < 0.01) in M. paludicola 
inoculated LBWS, fermentation parameters such 
as disappearance of DM (DMD), OM (OMD) 
and NDF (NDFD), estimated ME and pH were 

unaffected (P > 0.05) by the treatment. For LBDL  
(Table 4), OMD and estimated ME tended to 
decrease (P < 0.09) and NDFD decreased (P < 0.01) 
with bacterial treatment, the other fermentation 
parameters were unchanged (P > 0.05).

Bacterial treatment of LBWS had no effect on 
total VFA production and individual VFA concen-
trations after 48 h in vitro incubation (Table 5). For 
LBDL, propionate concentration tended (P = 0.056) 
to decrease with M. paludicola treatment in com-
parison to control, and isobutyrate concentration 
(P = 0.042) was the lowest with M. paludicola treat-
ment (Table 6).

Discussion
Chemical composition. The observed DM loss 

for both substrates after 3 weeks of incubation sug-
gests the occurrence of bacterial growth. The results 
are consistent with those obtained by Borji (2003) 
with LBWS inoculated with three bacteria (Bacillus 
sp., Enterobacter sp. and Ochrobacterium sp.) iso-
lated from the gut of termite Anacanthotermes va-
gans over 3, 6 or 9 weeks. The higher weight loss af-
ter 3 weeks of incubation observed by Borji (2003) 
than in the present study probably reflects the dif-
ferent degradation abilities of the organisms used. 
Additionally, in a previous study (Azizi-Shotorkhoft 
et al., 2016), the DM loss of LBWS and LBDL in-
creased by bacterial inoculation after 6 weeks, with 
the highest values observed with B. licheniformis in-
oculation. In the current work, average DM loss of 
LBWS and LBDL by bacterial inoculation were re-
spectively 7.93 and 6.63%, while in our previous study  
(Azizi-Shotorkhoft et al., 2016) these amounts were 

Table 4. In vitro fermentation parameters of lignocellulosic biomass 
from date leaf not inoculated (control) and inoculated with different 
bacteria isolated from termite gut

Indices Biological treatments SEM P-valuecontrol BL MP OI
IVGP 44.5 42.0 42.5 42.3 0.89 0.216
a  4.14  4.77  4.70  4.23 0.373 0.533
b 39.2a 35.9b 36.9b 37.1b 0.68 0.015
a+b 43.4 40.7 41.6 41.3 0.78 0.117
c  0.039  0.038  0.032  0.034 0.0055 0.804
DMD 19.6 18.5 17.1 16.1 1.17 0.184
OMD 27.3 25.4 26.2 26.9 0.57 0.084
NDFD 22.4a 16.9b 14.3b 16.7b 1.40 0.003
ME  3.93  3.62  3.73  3.84 0.086 0.083
pH  6.30  6.31  6.32  6.32 0.021 0.941
NH3-N 15.1 16.9 18.8 18.9 2.14 0.571
BL – Bacillus licheniformis; MP – Microbacterium paludicola;  
OI – Ochrobactrum intermedium; IVGP – in vitro gas production after 
144 h of incubation (ml); a – the gas production from soluble fractions 
after 144 h (ml); b – the gas production from insoluble but ferment-
able fractions after 144 h (ml); a+b – potential of degradability of the 
material after 144 h incubation (ml); c – rate constant of gas produc-
tion during incubation (/h); DMD – dry matter (DM) disappearance (%); 
OMD – organic matter (OM) disappearance (%); NDFD – neutral de-
tergent fibre disappearance (%); ME – estimated metabolizable energy  
(MJ/kg DM); NH3-N – ammonia nitrogen (mg/dl); SEM – standard er-
ror of means; ab – means within a row with different superscripts are 
significantly different at P < 0.05

Table 6. Volatile fatty acid (VFA) production of lignocellulosic biomass 
from date leaf not inoculated (control) and inoculated with different 
bacteria isolated from termite gut

Indices Biological treatments SEM P-valuecontrol BL MP OI
VFA, mmol/L

total VFA 19.5 18.6 17.1 18.9 0.75 0.152
acetate (A) 12.9 12.5 11.6 12.7 0.57 0.370
propionate (P)  3.90  3.50  3.19  3.56 0.171 0.056
butyrate  1.44  1.34  1.21  1.36 0.112 0.558
isobutyrate  0.36a  0.34a  0.31b  0.35a 0.012 0.042
valerate  0.25  0.24  0.22  0.25 0.015 0.367
isovalerate  0.65  0.63  0.55  0.62 0.031 0.154
caproate  0.035  0.038  0.032  0.038 0.0073 0.933

A:P  3.32  3.61  3.67  3.59 0.165 0.465
BL – Bacillus licheniformis; MP – Microbacterium paludicola;  
OI – Ochrobactrum intermedium; SEM – standard error of means

Table 5. Volatile fatty acid (VFA) production of lignocellulosic biomass 
from wheat straw not inoculated (control) and inoculated with different 
bacteria isolated from termite gut

Indices Biological treatments SEM P-valuecontrol BL MP OI
VFA, mmol/l

total VFA 23.8 25.7 24.1 24.1 0.78 0.343
acetate (A) 15.9 16.9 15.8 15.8 0.55 0.453
propionate (P)  4.76  5.28  4.96  5.02 0.301 0.688
butyrate  2.01  2.20  2.08  2.07 0.128 0.783
isobutyrate  0.33  0.37  0.34  0.35 0.011 0.221
valerate  0.25  0.27  0.26  0.26 0.013 0.821
isovalerate  0.56  0.63  0.58  0.59 0.029 0.426
caproate  0.03  0.04  0.04  0.03 0.008 0.889

A:P  3.39  3.26  3.26  3.22 0.183 0.913
BL – Bacillus licheniformis; MP – Microbacterium paludicola;  
OI – Ochrobactrum intermedium; SEM – standard error of means
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higher (10.7 and 8.78% for LBWS and LBDL, re-
spectively), most probably due to the different in-
cubation times of substrates (i.e., 3 vs 6 weeks). 
Moreover, the higher weight loss observed with 
LBWS than with LBDL could reflect the higher 
carbohydrate and lower ADL content in LBWS 
(Azizi-Shotorkhoft et al., 2016). Reduction of OM 
content in LBWS with bacteria inoculation in com-
parison to LBDL was probably due to lower lignin 
content in LBWS. It has been shown that high lig-
nin content reduces access to other cell wall con-
tents of fibrous by-products such as cellulose and 
hemicellulose (Borji, 2003). Presence of phenolic 
materials in LBDL that could interfere with sub-
strate availability and microbial degradation could 
have also contributed to unchanged OM content by 
experimental isolates.

In the present study, results concerning chemical 
composition of both substrates differ from those of 
our previous work (Azizi-Shotorkhoft et al., 2016) 
using the same bacteria, but with different incuba-
tion times. Indeed, in the previous study, OM and 
NDF contents of LBWS and LBDL were unchanged 
by treatments, ADL and CP in LBWS, respectively, 
decreased and increased with M. paludicola inocu-
lation as compared to the control, while for LBDL, 
ADL contents were unaffected and ADF content de-
creased under treatments.

The effect of bacteria isolated from the termite 
gut ecosystem on the chemical composition of lig-
nocellulose biomass used as ruminant feed is not 
comprehensively described in the literature. It is 
known that in the world exist more than 2700 ter-
mite species (Culliney and Grace, 2000) with dif-
ferent types of gut microbes, and only few studies 
have been conducted on the treatment of lignocel-
lulosic by-products by ligninolytic bacteria iso-
lated from such ecosystem. In an earlier study by 
Crawford (1978) it was observed that Streptomy-
ces strains degraded 25–40% of cellulose content 
of lignocellulose prepared from Douglas fir (Pseu-
dotsuga menziesii) after 6 weeks of incubation. 
Similarly, Crawford et al. (1983) refered a 44% 
decrease of carbohydrate content of maize stem 
after 8 weeks of incubation with Streptomyces viri-
dosporus isolated from the soil and Kerr and Kerr 
(1987) found a 6.5% degradation of grass polysac-
charides after 10-day incubation with Arthrobacter 
isolated from environmental sources. Conversely 
to our results, Borji (2003) observed no differ-
ences in NDF content of LBWS after its incuba-
tion with isolated bacteria from termite gut over  
4 weeks.

In vitro gas production, nutrient disappear-
ance and fermentation parameters. It is worth 
noting that bacterial inoculation had only minor ef-
fects on the chemical composition of substrates, nev-
ertheless it decreased (or tended to decrease) NDF  
(P < 0.05), and OM digestibilities (P = 0.084) and 
metabolizable energy content (P = 0.083) in LBDL, 
although no effects were observed in LBWS. Re-
duction of nutrient disappearance in LBDL samples 
treated with termite gut bacteria might be related to 
interference of its phenolic compounds with substrate 
availability and microbial degradation (McSweeney 
et al., 2001). 

The increased ammonia nitrogen concentration 
in M. paludicola-treated LBWS in line with its higher 
CP content and, along with the highest DM losses, 
could suggest that this biological treatment promoted 
a higher fermentation of LBWS, however this was not 
reflected in nutrient disappearance. To improve the 
access of rumen microbial enzymes to lignocellulosic 
material, thus enhancing digestibility, the breakdown 
of lignin-carbohydrate linkages in plant cell walls is 
essential (Shrivastava et al., 2012). It should be stated 
that in the present study the lignocellulose-degrading 
bacteria treatment lasted 3 weeks, which could have 
been insufficient to efficiently break the lignin-car-
bohydrate linkages of LBWS and LBDL. Indeed, 
Azizi-Shotorkhoft et al. (2016) incubated LBWS and 
LBDL with the same bacteria isolates for 6 weeks and 
found an improved in vitro DM and OM digestibil-
ity in both substrates, although the impact on their 
chemical composition was small. Borji (2003) in-
vestigated the digestibility of LBWS inoculated with 
different bacteria (Bacillus sp., Enterobacter sp. and 
Ochrobacterium sp.) isolated from termite gut during 
3, 6 and 9 weeks and, conversely to our results, DM 
digestibility was improved in all incubation times, 
the digestibility of LBWS have increased in line with 
length of incubation (average DM digestibility im-
proved 43.0, 48.4 and 50.7% respectively for 3, 6, 
and 9 weeks of incubation). It should be noted that 
besides the duration of the processing period, the type 
of by-product, physical or chemical pre-treatment 
and growth promoters (i.e., different readily ferment-
able carbohydrates and nitrogen sources) could also 
affect the nutritive value of agricultural by-products 
processed with termite gut bacteria (Borji, 2003). 

Conclusions
Wheat straw and date leaf are by-products 

markedly available worldwide, but the high content 
of lignin constitutes a main bottleneck for their use in 
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animal feeding. In the present study, lignocellulosic 
biomass from wheat straw (LBWS) and date  
(Phoenix dactylifera) leaf (LBDL) were inoculated 
with lignocellulose-degrading bacteria (Bacillus 
licheniformis, Ochrobactrum intermedium and 
Microbacterium paludicola) isolated from termite 
gut during 3 weeks to convert these lignocellulosic 
compounds to value-added products. Effects were 
different among substrates and bacterial isolates used. 
None of the bacteria were able to degrade lignin after  
3 weeks inoculation. More research is needed 
regarding the isolation of organisms with higher 
lignin and lignocellulose-degrading potential from 
termite gut ecosystem for biological treatment of 
agricultural by-products and improvement of their 
nutritive value.
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