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ABSTRACT	

Banana	 peel	 was	 pretreated	 through	 the	 process	 of	 microwave	 before	 they	 were	 simultaneously	 saccharified	 and	
fermentation	by	aspergillus	niger	and	saccharomyces	cerevisiae.	They	were	pretreated	with	microwave	power	of	160	W	at	
microwave	time	of	5	min.	The	reduction	 in	sugar	and	glucose	content	 in	pretreated	specimens	under	pretreated	conditions	
were	measured	by	biotransformation	method.	Fermentation	was	done	 for	7	days	 for	banana	peels	and	the	ethanol	content	
was	measured	every	24	hours.	The	optimum	pH	and	temperature	for	the	fermentation	of	banana	peels	was	6	and	30°C.	The	
experimental	 results	 indicated	 that	 the	microwave	 treatment	 could	 lead	 to	 significant	 improvement	 in	 sugar	 production,	
including	reducing	sugar	and	glucose,	which	provided	potential	strategies	for	widening	practical	application	of	banana	peel	
in	the	food	industry.	

Keywords:	Banana	peel,	Aspergillus	niger,	Saccharomyces	cerevisiae,	Simultaneous	Saccharification	and	Fermentation	(SSF),	
Microwave	treatment.	

1. INTRODUCTION	

Banana	 is	 one	 of	 major	 constitute	 the	 principal	 food	
resources	in	the	world	and	occupy	the	fourth	world	rank	
of	the	most	significant	foodstuffs	after	rice,	corn	and	milk	
(INIBAP,	2002).	Most	of	the	fruit	peels/residues	are	dried,	
ground,	pelletized,	and	sold	to	the	feed	manufacturers	at	a	
low	 price	 which	 is	 not	 considered	 a	 highly	 viable	
proposition	 (Mamma	 et	 al.,	 2008).	 As	 per	 the	 FAO	
statistics,	 India	 is	 the	 largest	 producer	 of	 banana	 in	 the	
world	 and	 accounts	 for	 nearly	 30%	 of	 the	 total	 world	
production	 of	 banana.	 Though	 banana	 peel	 is	 a	 fruit	
residue,	 it	 accounts	 for	 30	 40%	 of	 the	 total	 fruit	weight	
(Emaga	et	al.,	2008)	and	contains	carbohydrates,	proteins,	
and	fiber	in	significant	amounts.	Banana	peels	are	readily	
available	 agricultural	 waste	 that	 is	 under	 utilized	 as	
potential	 growth	 medium	 for	 yeast	 strain,	 despite	 their	
rich	 carbohydrate	 content	and	other	basic	nutrients	 that	
can	 support	 yeast	 growth	 (Brooks,	 2008;	 Essien	 et	 al.,	
2005;	 Hueth	 and	 Melkonyan,	 2004).	 Since	 banana	 peels	
contain	lignin	in	low	quantities	(Hammond	et	al.,	1996),	it	
could	 serve	 as	 a	 good	 substrate	 for	 production	of	 value‐
added	products	like	ethanol.				

The	 increasing	demand	for	ethanol	 for	various	 industrial	
purposes	such	as	alternative	sources	of	energy,	industrial	
solvents,	 cleansing	 agents	 and	 preservatives,	 has	
necessitated	 increased	 production	 of	 alcohol.	 Ethanol	
production	is	usually	accomplished	by	chemical	synthesis	
of	 petrochemical	 substrates	 and	microbial	 conversion	 of	
carbohydrates	present	in	agricultural	products.	

Owing	to	the	depleting	reserves	and	competing	industrial	
needs	 of	 petrochemical	 feed	 stocks,	 there	 is	 global	
emphasis	in	ethanol	production	by	fermentation	process.	
Increased	 yield	 of	 ethanol	 production	 by	 microbial	
fermentation	depends	on	the	use	of	ideal	microbial	strain,	

appropriate	 fermentation	 substrate	 and	 suitable	 process	
technology.	 An	 ideal	 microorganism	 used	 for	 ethanol	
production	 must	 have	 rapid	 fermentative	 potential,	
improved	 flocculating	 ability,	 appropriate	 osmo‐
tolerance,	 enhanced	ethanol	 tolerance	 and	good	 thermo‐
tolerance.	 Although	 no	 microbial	 strain	 has	 all	 these	
desirable	 qualities,	 few	yeast	 strains	 have	been	 found	 to	
posses	appreciable	characteristics	for	ethanol	production.	

Energy	 and	 environment	 problems	 can	 be	 meaningfully	
addressed	 by	 fully	 using	 the	 by‐products	 of	 the	
agricultural	 products	 processing	 industry.	 And	 this	
research	 is	also	of	practical	 relevance	with	 regard	 to	 the	
bio	 fuel	 industry.	 In	 this	 study,	 use	 of	 microwave	 pre‐
treatment	could	lead	to	significant	improvement	in	sugar	
production,	including	sugar	and	glucose	reduction,	which	
means	 improvements	 in	production	yield	and	reductions	
in	 production	 costs.	 And	 this	 will	 also	 provide	 potential	
strategies	 for	 widening	 practical	 application	 of	 banana	
peel	 and	 some	 other	 by‐products	 of	 the	 agricultural	
products	processing	industry.	

Production	 of	 green	 energy	 from	 waste	 material	 has	
played	 an	 important	 role	 in	 recent	 days	 due	 to	 the	
depletion	 of	 non‐renewable	 energy	 resources.	 Ethanol	
which	 is	 found	 useful	 widely	 as	 an	 alternative	 fuel	 for	
engines.	In	view	of	the	rising	demand	of	the	ethanol	there	
has	 been	 increasing	 worldwide	 interest	 in	 searching	 its	
alternative	 source	 for	 production.	 Bio‐fuel	 has	 been	
gaining	 momentum	 in	 terms	 of	 research	 and	
development.	 Since	 there	 are	 various	 factors	 such	 as	
recent	rise	in	oil	prices,	Increase	in	demand	of	fossil	fuels,	
depletion	 of	 the	 mineral	 oil	 reserves	 ,	 demand	 of	 the	
energy	 increases	 with	 the	 increase	 of	 the	 world	
population	 and	 urbanization.	 The	 negative	 impacts	 of	
fossil	fuel	on	the	environment	and	the	unstable	oil	market	
are	 the	 factors	 that	 lead	 to	 the	 constant	 search	 for	
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alternative	 fuels.	 Alternative	 liquid	 fuels	 from	 various	
sources	 have	 been	 sought	 for	many	 years	 and	 since	 the	
cost	of	raw	materials	which	can	account	up	to	50%	of	the	
total	production	cost	is	one	of	the	most	significant	factors	
affecting	 the	 economy	 of	 bio‐fuel,	 nowadays	 efforts	 are	
more	 concentrated	 on	 using	 cheap	 and	 abundant	 raw	
materials.	 According	 to	 the	 Food	 and	 Agriculture	
Organization	 of	 the	 United	 Nations	 India	 is	 the	 largest	
banana	producing	nation.	As	the	production	of	banana	is	
more	 the	 waste	 generated	 is	 also	 more.	 According	 to	
scientists,	approximately	one	tons	of	wastes	are	produced	
for	 every	 ten	 tons	 of	 bananas.	 Most	 nations,	 whether	
economically	 advanced	 or	 at	 different	 stages	 of	
development	are	 faced	with	 the	problem	of	disposal	and	
treatment	 of	 wastes.	 Wastes	 could	 be	 treated	 in	 many	
ways	 as	 by	 reducing	 its	 bulk	 or	 by	 recovering	 and	
reprocessing	 it	 into	 useful	 substance	 to	 meet	 sanitary	
standards.	 To	 avoid	Wastage,	 this	 banana	wastes	 can	 be	
turned	into	a	new	energy	source.	

At	the	beginning	of	the	1980s,	the	possibilities	of	applying	
microwave	 energy	 were	 widely	 recognized.	 There	 were	
advantages	 evident,	 such	 as	 faster	 operation,	 energy	
savings,	and	higher	product	quality,	as	in	applications	like	
enzymatic	 inactivation,	 sterilization	 and	 pasteurization,	
tempering,	 and	 drying	 (Decareau	 and	 Peterson,	 1986).	
Furthermore,	 the	 frequent	 use	 of	 microwave	 ovens	 in	
homes	 and	 restaurants	 had	 already	 acquainted	
consumers	with	 this	 technology	and	 its	advantages,	 thus	
removing	 some	 fears	 and	 taboos	 that	 existed	 in	 the	
beginning.	 It	 is	 necessary	 to	 take	 into	 account	 the	
sociological	 changes	 of	 this	 epoch	 and	 the	 consistent	
changes	 in	 domestic	 habits	 that	 propitiated	 the	 rapid	
social	 acceptance	 of	 domestic	 ovens.	 This	 situation‐
stimulated	 research	 aimed	 at	 better	 knowledge	 of	 the	
dielectric	 properties	 of	 food,	 information	 that	 was	
indispensable	 in	 stimulating	 the	 development	 of	
industrial	facilities	with	scientific	bases	(Kent,	1987).	

Thus,	 microwave	 process	 was	 applied	 as	 the	 pre‐
treatment	method	for	banana	peel.	In	this,	the	effect	pre‐
treatment,	 including	 microwave	 radiation	 on	 final	
products	 of	 banana	 peel	 via	 the	 biotransformation	
method	 was	 studied.	 Reducing	 sugar	 and	 glucose	 are	
intermediate	products	 for	ethanol	via	biotransformation.	
Thus,	 measuring	 the	 quantity	 of	 reduced	 sugar	 and	
glucose	 in	 final	 products	 could	 indirectly	 indicate	 the	
production	of	bio	ethanol.							

Banana	 peel	 will	 be	 pre‐treated	 through	 the	 process	 of	
microwave	 before	 they	 were	 hydrolyzed	 by	 enzymes.	
They	will	be	pre‐treated	with	microwave	power	of	160	W	
at	microwave	 time	of	5	min.	The	 reduction	 in	 sugar	 and	
glucose	 content	 in	 pre‐treated	 specimens	 under	 pre‐
treated	 condition	 was	 measured	 by	 biotransformation	
method;	 the	 experimental	 results	 indicated	 that	 the	
microwave	 treatment	 could	 lead	 to	 significant	
improvement	 in	 sugar	 production,	 including	 reducing	
sugar	and	glucose,	which	will	provide	potential	strategies	
for	 widening	 practical	 application	 of	 banana	 peel	 in	 the	
food	industry.	

2. MATERIALS	AND	METHODS	

The	experiment	was	conducted	in	the	Department	of	Food	
Process	 Engineering	 Lab,	 Vaugh	 School	 of	 agricultural	

Engineering	 and	 Technology,	 SHIATS,	 Allahabad.	 Banana	
peel	 wastes	 were	 procured	 from	 local	 market	 in	
Allahabad,	 Uttar	 Pradesh,	 India.	 Before	 processing	 ripe	
waste	banana	peels,	it	was	cleaned,	chopped	(3‐5	cm)	and	
disinfected	with	70%	ethanol.	It	was	sun	dried	for	7	days	
and	 ground	 to	 fine	 powder.	 Prior	 to	 further	 experiment,	
3.00	±	0.05	g	banana	peels	were	placed	into	a	tri‐angular	
flask,	and	the	ratio	of	solid	to	liquid	(w:v)	was	determined	
at	1:10	within	distilled	water.	

2.1	BANANA	PEEL	MICROWAVE	PRETREATMENT	

The	 triangular	 flasks	were	 put	 into	 the	microwave	 oven	
(kenstar,	 model	 no‐OM‐20EGO),	 in	 the	 Department	 of	
Food	 Process	 Engineering	 Lab,	 which	 is	 capable	 of	
operating	 at	 a	 maximum	 output	 power	 of	 800	 W	 at	 a	
frequency	of	2,450	MHz;	 the	microwave	power	were	 set	
at	 80,	 160,320W	 for	 5	 min,	 respectively.	 After	 the	
pretreatment,	 the	mixed	 liquor	was	collected	 to	undergo	
enzymatic	hydrolysis.	A	picture	of	the	microwave	oven	is	
shown	in	Fig	2.1.	

	

	

Table	no	2.1.1	different	treatments	given	to	samples	

Sample Time		 Power	(Watt)

Control ‐ ‐	

Sample	A 5	min	 80W

Sample	B 5	min	 160W

Sample	C 5	min	 320W

	

2.2	 SIMULTANEOUS	 SACCHARIFICATION	 AND	
FERMENTATION	(SSF)	OF	BANANA	PEELS	

Ethanol	 fermentation	 was	 carried	 out	 in	 200	 ml	 flasks	
containing	 5g	 powdered	 banana	 peels	 in	 95	 ml		 														
distilled	water.	 The	 flasks	were	 sterilized	by	 autoclaving	
at	 121°C	 for	 30	 min	 and	 a	 4%	 (v/v)	 inoculum	 of	
Aspergillus	 niger	 and	 3%	 (w/v)	 inoculum	 of	
Saccharomyces	 cerevisiae	 was	 added.	 Fermentation	was	
done	 for	 7	 days	 and	 the	 ethanol	 content	 was	measured	
every	24	hours.	

3. QUALITY	ANALYSIS	
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3.1	DETERMINATION	OF	REDUCING	SUGAR	

A	simple	and	fast	method	for	parallax	spectrophotometric	
determination	 of	 high	 content	 sugar	 with	 3,	 5‐
dinitrosalicylic	acid	(DNS)	as	color	coupler	was	described	
with	 some	 modification	 (Zhou	 et	 al.	 2013).	 The	
absorbance	 value	 were	 determined	 at	 540	 nm	 by	 a	
(SHIMADZU	 UV‐1700)	 spectrophotometer	 at	 Hindustan	
College	 Of	 Science	 And	 Technology	 Mathura,	 India,	 the	
content	of	reducing	sugar	in	the	samples	were	calculated	
with	 standard	 curve.	 All	 determinations	were	 conducted	
in	triplicate.	

Table	no	3.1.1	Amount	of	sugar	content	on	different	
power	

Sample		 Sugar	content(mg/g)	

Control		 250	

A	(80W)	 330	

B	(160W)	 400	

C	(320W)	 440	

	

3.2	DETERMINATION	OF	GLUCOSE	

A	 high‐performance	 liquid	 chromatography	 system	
(HPLC,	Varian	Prostar	Model	410	Autosampler,	Model	210	
Solvent	 Delivery	 Module,	 Model	 350	 RI	 Detector)	 was	
applied	to	measure	the	content	of	glucose	generated	from	
the	 composition	 of	 enzymatic	 hydrolysis	 of	 pre‐treated	
biomass.	 The	 HPLC	 system	 was	 equipped	 with	 ZORBAX	
carbohydrate	 analysis	 columns	 (4.6	 ×	 250	 mm).	
Carbohydrate	 analysis	 columns	 were	 operated	 at	 18C	
with	80%	acetonitrile	as	the	mobile	phase	at	a	flow	rate	of	
1	mL/min.	

Table	no	3.2.1	sugar	concentration	of	different	
samples	

Sample		 Sugar	concentration(mg/g)

control	 160	

Sample	A	 240	

Sample	B	 380	

Sample	C	 310	

	

4. RESULTS	AND	DISCUSSION	

4.1	 INFLUENCES	 ON	 PRODUCTION	 OF	 ETHANOL	
AFTER	PRETREATMENT	

The	samples	were	then	kept	for	saccharification	in	B.O.D.	
incubator	 in	 food	 processing	 laboratory	 II.	
Microorganisms	 used	 for	 fermentation	 were	 Aspergillus	
niger	 (3%	 (w/v))	 and	 Saccharomyces	 cerevisiea	 (4%	
(v/v)).	The	readings	were	then	taken	on	daily	basis	for	the	
amount	of	ethanol	produced.	

Table	no	4.1.1	Production	of	ethanol	after	treatment	

Production	of	Ethanol	(in	%)

Samples	
/	days	

				1 					2 					3	 					4	 5	 					6 					7

Control	 0.500 0.890 1.992	 2.947	 3.887 4.172 5.006

			A	 0.643 0.950 2.232	 3.453	 4.289 5.346 6.100

			B	 0.706 1.002 2.987	 4.005	 4.990 5.930 6.289

			C	 0.635 0.933 2.198	 3.012	 4.166 5.200 6.056

	

	

4.2	 INFLUENCES	 ON	 SIMULTANEOUS	
SACCHARIFICATION	 OF	 PRODUCT	 PRETREATED	 BY	
MICROWAVE	

							From	 the	 results	 shown	 in	 Fig.	 4.2.1,	 the	 microwave	
power	 pre‐	 treatment	 had	 a	 significant	 effect	 (Samples	
versus	 control	 group).	 The	 final	 enzymatic	 hydrolyte	
improved	 significantly	 with	 the	 increased	 microwave	
power.	When	 the	microwave	 power	was	 kept	 at	 240	W,	
digestion	efficiency	reached	up	to	highest,	the	contents	of	
reducing	 sugar	 and	 glucose	 in	 the	 final	 enzymatic	
hydrolyses	 were	 400	 and	 380	 mg/g	 separately.	
Comparing	 the	 unpretreated	 (control	 group)	 with	
microwave	 pretreatment,	 the	 content	 of	 reducing	 sugar	
and	glucose	increased	by	1.4	and	1.5	percent.	

	

5. CONCLUSION	

Based	 on	 the	 above	 experimental	 results,	 the	
pretreatment	under	microwave	power	at	160	W	for	5	min	
could	significantly	improve	the	content	of	reducing	sugar	
and	 glucose	 in	 the	 simultaneous	 saccharification.	
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Moreover,	 microwave	 pretreatment	 can	 improve	 sugar	
output	 to	 the	 maximum.	 Compared	 with	 unpretreated	
materials,	the	content	of	reducing	sugar	and	glucose	were	
increased	 by	 220	 and	 150	 mg/g	 with	 microwave	
pretreatment.	
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