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Table 1- Effect of processing wheat straw by bacterial species isolated from termite gut on fermentation
parameters using gas production

i3l slas na
Experimental diets SEM  P-value

WS!

(control) WS+0l  WS+BL  WS+MP
ael Y6 ol 4o 58wl g
GP24 (ML)? 9.23¢ 10.2° 11.6° 10.3° 0.16 0.01
aele A Gl Lo 5K il s
GPgs (ML) 54.7° 57.4° 59.32 56.2P 040  0.001
aelw V68 Gl Hu JK Wl g3
GP1as (ML) 62.1° 63.4 65.92 63.3 0.43 0.01
58wl Jaesly
b (mL)? 83.2° 79.8° 86.72 82.8P 0.85 0.01
ERlialF
¢ (/) 0.009° 0.01° 0.0112 0.01° 0000 001
Saaa sule puda cubls 2
I\VDMDgs (%)° 41.5 43.9 45.2 44.4 1.65 0.47
ST ools puina culils
IVOMDgs (%)° 36.0° 37.7° 38.0 36.3° 0.29 0.01
sl pina oally (gl i g
TDSes (Mg)’ 270 267 276 266 2.91 0.16
peaasd gbe 18 (5550
ME (MJ/kg DM)? 5.29 5.46 5.53 5.33 0.07 0.11
PFoe® 4.93 4.65 4.66 475 0.08 0.19
pH 6.58 6.56 6.50 6.53 0.039 051
Skesel 3550
NH3-N (mg/dI)X 13.3 13.8 14.5 13.7 0.44 0.28

(P<0.05) wiiua Hls ae WA sl,ls wlie jae Gga b cius, Ha slagSilie
Means within same row with different superscripts are differ (P<0.05).
Treatments were wheat straw (WS) (control) and WS treated with Ochrobactrum intermedium, Bacillus licheniformis
and Microbacterium paludicola.
2Volume of gas production after 24, 96 and 144 h, respectively.
3 The gas production from the insoluble but fermentable fractions for 144 h.
4 Rate constant of gas production during incubation.
5In vitro dry matter disappearance for 96 h.
% In vitro organic matter disappearance for 96 h.
" Truly digested substrate for 96 h.
8 Metabolizable energy.
® Partitioning factor at 96 h incubation.
10 Ammonia nitrogen.



va g i bl gl 5 g lyge (515 ol 3l 00l (gl giSd slge 048 455 (sl 8L by diage PH g lod oyuess

S5 sedS slaaiul i @ bssse @l S 5l
slaginbeyl ssame 31 (\WAY) e 38a3 5 o)l
dallls Lo ol SlEEAT ) shes () Lo Vs se
s olS 5 A€ oS Snd sule pena enlils 55, Sie
Bacillus sphaericus oL 3SU 4w s 65 i 51 oy
4 Enterobacter cloacae  Ochrobactrum anthropi
olas b awnlie 5o g s LB Hsb 4 GiA T e
99 A 58 S opk b e Wl oane wals
Bacillus wlas bos 55 andna culilB o ik o S gow

o S saalise
233 slataiadp 5 T sols puda culll s
£ s Jrliy el 5 aaa Jold aRanle)]
G YLaal 5057 9550 (sl ham s 59 58 L S Wl S
03 S 9 S HEALL 53 5 Lag L 31 s
5ol aole 5 Sid sole pina ubls yusla 38a3
Alisw ) Sl aai€ o€ o gl 8 58 aaa 50
60500 dallas 5o 4SS ghb laa T ale g LA
saly Glas (V-0 oLKaa 5 cdd jid (g 5e bau gs
Gl sl sime 5 S Gl Bl G il (Sas sud
oiod €S 0l bgs o adiS oS Sidiy Slousa s S
sl B R 6 s slapslEls S
05 aeind bl 1) fonal sy sad Jage 1, SIa
| g 5 95 50 (leands 5 (S5 Jelse 5 b
b ol byl Sl 58 i€ sl gine dlon )
B N e BV, LS UK Ry SR e o
Slossd S Gias glsiae Wsad Ho ssa g oSS
Cows @ omlB BUS ol Jelge bl 5 G
slalllas 5o (VAAY) S g S pala 38a3 50 sual
Arthrobacter Sui¥ o€ 5 8L L 1, alob e g
© Ol pla s S albos g suse susldes
a4 50 oSl (glsiae 5 Ol s 59 Glose
s s g 6 oYLl 5 Jad ol Lol ol Snals
Shafie 4L audi 80,5758 Gal S sols aina cubls

paa o3 Sl ol suly ralS 35w ju 00 ol

e glaasil 3 9 Gpiioinlss S wals
AS Lo 31

Sl 1) a5 5 pan aa olS LG 55T ae
el 58 58 paa Gyl 4S (gosk 4 () Jsan) ase
505108 b ol S el VEE 5 AT VE 51 e
aals Hlad o pieS g Bacillus (o580 b o3
Al 5 et (Oniges (P<H/10) wu S saaline
L sk Sl olS Lo T ol acka culls 5 5K
aeo] s 4wl Hlas o e 3S g Bacillus s ,SL
Ochrobactrum s Bacillus (s sla slalas .(P<-/-0)
Obas 15 58 sl 88 ol G2 2S5 et 55 @
()i yu oA sole aiaa cubils (P</-0) wls
s el plie BB (55 ((Elda sad a3
slaoles 30wl (Slisel o358 5 PH SSB
byse b ¥ Jgus (P>+/-0) 8.8 18 dule)]
2 Loa alise LSL gosldee 3 o
s Ll aan o plas 1, uaad sladanl 8
VEE 5 AT VE 3 ur sl DK aaa G by auiS
Y u-ﬂ sale auda callB 5 G eub SO ol
s Bacillus biu g sad gysldae sbosa aali
ol s 0 LU @l ou Hlas o e A
s Bacillus  wla  bag  s,slys (P<-/-0)
oS 5 Cpoiduns 4 jade i3 4 Ochrobactrum
P<ove) Bid g o S alg il
b s e s gOluie b 58wl ¢ 53 ooty
saaline aald Hlag o 0 iS5 Ochrobactrum 4laa
psa culils 5o a8 BB ol (P<A/r0) W S
BB 550 (Al oal 4525 (5] S s (S2A 00l
Sbigel 055558 5 PH (SS8 osud ral polie
P>/ 0) w0 S5 sualine

sy Souan S slagais b ol glasig gos
BB 8t el JBAle g8 5 Olise 1)y ol
3ol sl 5K ulse (gludas GBO,) s slebadle
Gl Llew ol wlinlie (VA48 e gl s)



WA Jlos /Y 0 los YV ala [ als pole (sla imgsy 4yl v g @blaemo (gze Ae

5 S oS slam il w5 5wk Olise 59 ol sl i sn I sule ama calls 5 S8 wig
el sugs LT las 53 a5 slam T 695 50 s Yl SLSU sladd gl U s g0

L el sladaliond B s il 90 009, 3 ol laas (oals yiSLs (SLads 5 daeu 55 Lo p3 4B L s (55 gTdas 51 -Y Jgua
SIS aal g3 3 sl
Table 2- Effect of processing date leaf by bacterial species isolated from termite gut on fermentation parameters
using gas production

b3l slas pa
Experimental diets SEM P-value

DL* DL+Ol DL+BL DL+MP

(control)
aelw YE ol so 58 Wl g
GP24 (ML)? 2.86° 3.35P 4.142 2.70P 0.27 0.002
ael A by Lo S8 Wl
GPgs (ML)? 23.6 24.7° 26.0? 23.9 0.41 0.001
ael Vee by o 58 al s
GP144 (ML)? 37.1° 39.8% 41.5% 36.6° 0.87 0.01
S8 al s Jaesliy
b (mL)3 83.6° 79.8° 86.72 82.8" 0.91 0.01
R R S
c (/h)* 0.009¢ 0.011° 0.010° 0.010° 0.0002 0.01
Saa sols pudia culils
IVDMDgs (%)° 38.6 40.5 42.3 39.3 0.99 0.12
u‘ﬂ sulo pasa culils
IVOMDgs (%)° 27.2° 27.7° 28.52 27.5 0.22 0.005
sl auia (a8l (5] i seu
TDSgs (Mg)’ 120 125 119 115 1.98 0.07
ped olie LB (5550
ME (MJ/kg DM)?® 4/0 4.06 4.14 4.04 0.06 0.13
PFos® 5.08 5.25 4.56 4.52 0.09 0.75
pH 6.80 6.75 6.70 6.77 0.03 0.12
Sk gel 55558
NH3-N (mg/dl)° 11.7 12.1 11.7 12.5 0.38 0.30

(P<0.05) uiicua Hlo dae SR gl,ls wlie jue Ggsa b o,y 5o slaySilie
Means within same row with different superscripts are differ (P<0.05).
Treatments were date leaf (DL) (control) and DL treated with Ochrobactrum intermedium, Bacillus licheniformis and
Microbacterium paludicola.
2Volume of gas production after 24, 96 and 144 h, respectively.
3 The gas production from the insoluble but fermentable fractions for 144 h.
4 Rate constant of gas production during incubation.
S In vitro dry matter disappearance for 96 h.
® In vitro organic matter disappearance for 96 h.
" Truly digested substrate for 96 h.
8 Metabolizable energy.
® Partitioning factor at 96 h incubation.
10 Ammonia nitrogen.
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Introduction: There is a shortage of animal feed and water resources in several developing
countries. Thus, proper use of agro industrial by products is a useful means to overcome this
problem. Agricultural by products can be used as animal feeds, but because of high lignin and low
protein content, their digestibility and palatability is low. Several processing method has been used
to improving nutritive value of such materials (Rahal et al. 1997 and Fazaeli et al. 2004). Recently,
biological delignification of lignocellulosic material has been considered as an alternative approach
(Fazaeli et al. 2004). Termites gut contains different kinds of lignocellulose degrading microbes,
which the possibility of their use in improving the nutritive value of agricultural by-products is a
major step in compensation of animal feed shortage.

Material and methods: The present study was conducted to determine the optimum temperature
and pH for growth of symbiont bacteria degrading lignocellulosic material isolated from termite
gut, and to investigate their effects on the digestibility and in vitro fermentation parameters of wheat
straw (WS) and date leaf (DL). For this purpose, three bacteria including Bacillus licheniformis,
Ochrobactrum intermedium and Microbacterium paludicola were used, which isolated by culture of
termite guts contents in mediums containing different types of lignin and lignocellulosic materials.
Sterile basal media was used as a medium for isolation process and contained the following
ingredients per litre: 7.0 g KoHPO4, 3.0 g KH2PO4, 1.0 g (NH4)2SO04, 0.1 g MgSO4-7H.O (Borji
2003). Growth curves of isolated bacteria for optimum temperature and pH were obtained using
nutrient broth medium. Three temperatures of 30, 37 and 40 °C and four pH of 5, 6, 7 and 8 were
evaluated. After that, WS and DL were processed with these isolates in media 9 (M9) medium with
following composition (per litre): 6.2 g Na2HPOg, 3.0 g KH2PO4, 0.5 g NaCl, 1.0 g NH4ClI (Kato et
al. 1998). After processing, residues were collected, dried and used for in vitro gas production
experiment according to Makkar (2010). For this purpose, rumen liquor was collected from two
ruminally fistulated cows. Animals were maintained on a 60% hay and 40% concentrate diet
according to their requirements for two weeks. Rumen contents were collected from the ventral sac
of rumen before morning feeding. A completely randomized design was used to determine the
optimum temperature and pH for bacterial growth as well as effects of different bacteria on in vitro
gas production and fermentation parameters of treated substrates. Data were analyzed by General
Linear Model (GLM) procedures of SAS (SAS Institute, 2001),

Results and discussion: All of isolates were capable of grow at all of examined temperatures (i.e.,
30, 37 and 40 °C). The optimum growth of B. licheniformis occurred at 40 °C, but the optimum
growth of O. intermedium and M. paludicola was observed at 37 °C. All of isolates grew at different
pH ranges (i.e., 5, 6, 7 and 8) and their optimum growth was observed at neutral pH of 7.0. At this
neutral pH, highest growth for B. licheniformis, O. intermedium and M. paludicola was obtained
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after 30, 34 and 36 h of incubation, respectively. After processing, in both WS and DL, highest and
lowest gas production and organic matter (OM) digestibility were observed by B. licheniformis and
control treatment, respectively (P<0.05). In vitro dry matter (DM) digestibility, truly digested
substrate, metabolizable energy, partitioning factor, pH and ammonia nitrogen concentration were
not affected by the experimental treatments. Factors such as temperature, pH, atmosphere gas
composition, bacterial type, composition of media culture, number of bacteria used and end
products bacteria and their interaction has an important effect on growth rate of isolates (Mohan and
Manuselis 1995). Similar to our results, by isolation of Bacillus sphaericus, Ochrobactrum anthropi
and Enterobacter cloacae from termite gut, Borji (2003) reported that their optimum temperature
and pH were observed at 25-37 °C and 7-8, respectively. Other researchers also reported similar
results (Giroux et al. 1988 and Yang et al. 1995). Totally, obtaining optimizing pH and temperature of
isolated bacteria for processing agricultural by-products can maximize their nutritive value.
Improving OM digestibility and fermentation parameters in both substrates was maybe due to effect
of isolates on changing lignin structure and loosening its bounds with carbohydrate compounds
(VanSoet 2004). Consistent to results of present study, borji (2003) indicated that inoculation of
wheat straw and barley straw with different bacteria isolated from termite gut increased their DM
digestibility compared to control treatment. Increasing DM and OM digestibility and volume of gas
production in WS than DL was probably because of lower lignin and higher carbohydrate content in
the former (Azizi-Shotorkhoft et al. 2016).

Conclusion: Results of present study showed that optimum growth for Ochrobactrum intermedium
and Microbacterium paludicola isolated from termite gut was observed at 37 °C while it was 40 °C
for Bacillus licheniformis. Optimum pH for growth of all of isolates was 7. Processing wheat straw
and date leaf with bacteria, especially B. licheniformis improved rumen fermentation parameters in
vitro. Research for upgrading the nutritive value of by products with ligninolytic bacteria isolated
from termite gut is in infancy. Thus, further works in this field of study is needed.

Keywords: Lignocellulosic materials, Termite gut bacteria, Temperature, pH, In vitro fermentation
parameters
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