
Table S1: Biochemical Characteristics of bacterial isolates from the ruminant gut
	Isolate
codes
	Raffinose
	H2S Production
	Indole
	Starch Hydrolysis
	Catalase
	Citrate
	Nitrate
	Gelation
	Glucose
	Fructose
	MR
	VP
	Maltose
	Galactose
	Lactose
	Glucose Gas
	Sucrose
	Suspected organisms

	A1
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	+
	-
	-
	- 
	Clostridium sphenoid

	A2
	-
	+
	-
	+
	+
	-
	+
	+
	
	+
	+
	+
	+
	+
	-
	-
	-
	C. clostridofonne

	A3a
	-
	+
	-
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	C. perfringens

	A3b
	-
	+
	-
	+
	-
	-
	+
	+
	+
	+
	+
	-
	+
	+
	-
	-
	-
	-

	B1
	-
	+
	-
	+
	-
	-
	+
	+
	+
	+
	+
	-
	+
	+
	- 
	-
	-
	-

	B2
	+
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	-
	+
	+
	-
	-
	-
	C. perfringens

	B3
	+
	+
	-
	+
	+
	-
	+
	+
	+
	+
	+
	-
	+

	+
	-
	-
	-
	-

	B4a
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	-

	B4b
	-
	+
	+
	+
	-
	-
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	C. perfringens

	C3a
	-
	+
	-
	+
	-
	-
	+
	+
	+
	+

	+
	-
	+
	+
	+
	-
	+
	C. perfringens

	C3b
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	C. felsineum

	D1
	+
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	C. perfringens

	D2
	-
	+
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	C. perfringens

	D3a
	-
	-
	-
	+
	+
	-
	+
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	C. perfringens

	D3b
	-
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	-
	+ 
	+
	+
	-
	+
	C. cnauvoei

	E1
	-
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	C. cnauvoei

	E2
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	C. perfringens

	E3
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	C. perfringens

	F1
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	-
	+
	+
	-
	-
	-
	C. novyi type A

	F2
	-
	-
	-
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	C. perfringens






Table S2: Fourier transform infra-red (FTIR) showing biobutanol production through the presence of bonds 
	Range (cm-1)
	Group and Class
	Assignment

	3337
	̶  OH in alcohols and phenols
	̶  OH stretch

	2117
	N-C triple bond in isonitriles
	N-C triple bond isonitriles

	1988
	substituted benzene ring
	Several bands from overtones and C6H6 ring

	1636
	C=O
	C=O stretch

	1097
	C  ̶ O ̶ H in 2o or 3o alcohol 
	C-O-H stretch

	667
	C  ̶ OH in alcohols
	C ̶ OH bending  
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Figure S2: Electrophoregram of purified β-mannanase from Clostridium cnauvoei


















Figure S3a: Effect of temperature on the activity of purified β-mannanase from C. cnauvoei





















Figure S3b: Effect of pH on the activity of purified β-mannanase from C. cnauvoei
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Figure S4: Kinetic parameters of the purified β-mannanase from C. cnauvoei

















Figure S5a: Thermal inactivation of purified β-mannanase from C. chauvoei
















Figure S5b: Arrhenius plot for heat inactivation of purified β-mannanase from C. chauvoei





















Figure S5c: Temperature dependence of the decimal reduction (D-value) for purified β-mannanase
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[image: A diagram of a chemical reaction
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[image: A diagram of a graph

AI-generated content may be incorrect.]
Figure S6: Gas chromatography analysis of fermented palm kernel cake reveals several volatile compounds, among which compounds 3, 7, 11, and 15-tetramethyl-2-hexadecen-1-ol corresponded to the expected biofuel product 

log D	
25	30	40	50	60	70	3.6632456843634444	3.5840644383158198	3.3622156886994632	3.1317667673211895	3.1069431835961572	2.8570657103795574	Temperature (oC)


Log D



25	30	40	50	60	70	80	90	4.3478260869565224	19.565217391304344	34.239130434782609	49.45652173913043	100	88.58695652173914	81.521739130434767	73.369565217391312	Temperature (o C)



Relative activity (%)




Relatve Activity	2	3	4	5	6	7	8	9	10	11	6.0283687943262425	16.312056737588655	100	59.21985815602838	42.198581560283685	33.333333333333336	74.113475177304963	62.765957446808521	58.156028368794331	47.163120567375891	pH


Relative activity (%)



1/V	
0.04	0.02	0.01	8.0000000000000002E-3	6.6666666666666671E-3	0.2819444444444445	0.20300000000000004	0.17703488372093026	0.161968085106383	0.13967889908256881	1/[S] (mM)-1


1/V (mg/mL/min)-1



25 oC	0	3	60	90	120	150	180	0	-0.11855193794689932	-0.20734895278612328	-0.22724378150306254	-0.23408320603336805	-0.28678955654937088	-0.38997107900076228	30 oC	0	3	60	90	120	150	180	0	-1.9346112849201413E-2	-3.2739515106913086E-2	-5.1603269225677519E-2	-6.9205216362780389E-2	-8.0987046910887164E-2	-0.10440782827077724	40 oC	0	3	60	90	120	150	180	0	-2.0783605923292082E-2	-2.9383777685209646E-2	-4.2612043418964844E-2	-5.47185968805819E-2	-7.3535741530466298E-2	-0.10338451122905418	50 oC	0	3	60	90	120	150	180	0	-1.0833303880883251E-2	-8.6934081930686011E-2	-0.11770434697576122	-0.12283639466456957	-0.13130752334667772	-0.20111514331948527	60 oC	0	3	60	90	120	150	180	0	-3.3168363252654598E-2	-6.1656901064092114E-2	-0.11373051501666499	-0.18905623622004886	-0.24144430567973707	-0.29679294272072659	70 oC	0	3	60	90	120	150	180	0	-8.5243281406568699E-2	-0.11783064861016077	-0.15922333376838571	-0.25613334677644223	-0.44801887301535542	-0.60638136511060492	Time of Incubation (min) 


Residual activity (Log)




1/T (K-1)

Ln k	
3.3557046979865771E-3	3.3003300330033004E-3	3.1948881789137379E-3	3.0959752321981426E-3	3.003003003003003E-3	2.9154518950437317E-3	-7.6009024595420822	-7.4185809027481282	-6.9077552789821368	-6.3771270279199666	-6.3199686140800182	-5.7446044691764557	
Ln K
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