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ABSTRACT:	Dry	tomato	peels	were	investigated	as	a	natural	source	of	lycopene	in	this	study.	Microwave-assisted	
extraction	(MAE)	was	used	for	the	isolation	of	bioactive	compound	of	interest.	The	MAE	was	performed	at	a	mi-
crowave	power	of	120,	230,	and	385	W	for	a	duration	of	2,	5,	8,	and	10	min.	The	concentration	of	lycopene	in	the	
separated	extract	with	n-hexane	was	quantified	by	UV/Vis	spectrophotometer.	The	absorbance	at	501	nm	was	selected	
for	the	determination	of	lycopene	content	and	the	calculation	of	lycopene	yield	(mg/100	g).	An	adequate	feedforward	
artificial	neural	network	(ANN)	model	with	architecture	2-10-1,	trained	by	the	Levenberg-Marquardt	(LM)	back-
propagation	algorithm	was	developed	for	modeling	the	MAE	process	and	for	the	prediction	of	the	lycopene	yield.	
The	model	predicted	lycopene	yield	with	a	high	coefficient	of	determination	R2=0.9957	and	low	mean	squared	error	
MSE=0.475.	The	response	surface	methodology	(RSM)	was	successfully	applied	and	combined	with	the	ANN	model	
to	optimize	the	MAE	process	with	R2=0.9477	and	a	low	mean	absolute	error	MAE=1.84507.	The	analysis	of	variance	
showed	that	extraction	time	and	time-squared	have	statistically	significant	effects	on	the	lycopene	yield.	The	created	
3D	response	surface	showed	that	the	optimum	lycopene	yield	was	27.25	mg/100g	of	tomato	peels	at	the	microwave	
power	of	324	W	and	extraction	time	of	8.6	min.
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INTRODUCTION
Industries	based	on	the	processing	of	agricultural	products	produce	a	tremendous	amount	of	bio-

waste	(industrial	by-products)	every	year.	Biomass	is	considered	one	of	the	most	valuable	energy	and	raw	
material	sources	(Sadh	et	al,	2018).	Over	the	last	few	years,	using	waste	materials	from	numerous	indus-
tries	has	garnered	considerable	attention	as	a	sustainable	approach	to	resource	management	and	environ-
mental	protection.	Industrial	by-products	are	cheap,	renewable,	abundant	raw	materials,	rich	in	bioactive	
compounds,	 and	 can	 be	 used	 as	 alternative	 sources	 for	 obtaining	 new	products,	 including	 biochemical	
products,	biomaterials,	biogas,	etc	(Babu	et	al,	2022;	Messinese	et	al,	2023).	Tomato	processing	industries	
generate	significant	amounts	of	waste	by-products,	including	tomato	peels,	which	are	usually	dumped	and	
contribute	to	environmental	pollution.	However,	tomato	peels	are	also	a	natural	source	of	biologically	ac-
tive	compounds	that	contribute	to	their	nutritional	and	potential	healthy	beneficial	effects.	Tomato	peels	
contain	lycopene,	beta-carotene,	vitamins	C	and	E,	phenolic	compounds,	flavonoids,	fibers,	minerals,	etc	
(Laranjeira	et	al,	2022).	Lycopene	is	highly	concentrated	in	tomato	peels,	making	them	a	rich	source	of	this	
carotenoid	pigment	(Zuorro,	2020).

Lycopene	or	ψ,ψ-carotene	is	a	red	carotenoid	pigment	and	is	the	most	abundant	carotenoid	in	ripe	
tomatoes	(approximately	80-90%	of	the	total	pigments)	(Cadoni	et	al,	1999),	as	well	as	in	watermelon,	apri-
cot,	pink	grapefruit,	guava,	etc	(Xi,	2006).	This	compound	has	an	anti-inflammatory	effect	(Hazewindus	et	
al,	2012)	and	it	is	a	well-known	powerful	natural	antioxidant	that	scavenges	free	radicals	in	the	body	(Imran	
et	al,	2020),	and	in	nature	mainly	exists	in	the	all-trans	form,	but	it	can	be	degraded	through	the	processes	of	
cis-trans	isomerization	and	oxidation,	due	to	its	high	sensitivity	to	light,	heat,	and	oxygen	(Shi	et	al,	2002).	
Lycopene	has	many	positive	benefits	on	human	health,	including	cancer	prevention,	skin	protection,	im-
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proving	eye	health	and	cardiovascular	system,	and	osteoporosis	prevention	(Khan	et	al,	2021;	Walallawita	
et	al,	2020).	Hence	it	is	widely	applied	in	the	food,	cosmetics,	pharmaceuticals,	and	textile	industries.	In	
recent	years,	there	has	been	a	growing	interest	in	using	waste	by-products	from	the	food	industry	to	extract	
bioactive	compounds,	and	tomato	peels	represent	a	valuable	source	for	the	extraction	of	lycopene,	so	its	
recovery	from	tomato	peels	represents	a	sustainable	solution	for	both	waste	management	and	the	produc-
tion	of	a	valuable	natural	pigment	(Trombino	et	al,	2021).	Various	extraction	techniques	have	been	applied	
for	lycopene	separation	from	natural	matrixes,	such	as	maceration,	ultrasound-assisted	extraction,	micro-
wave-assisted	extraction,	enzyme-assisted	extraction,	and	supercritical	fluid	extraction	(Catalkaya	&	Kah-
veci,	2019;	Kehili	et	al,	2019;	Lianfu	&	Zelong,	2008;	Rahimi	&	Mikani,	2019).	Conventional	extraction	
techniques	are	less	efficient,	time-consuming	processes	that	are	performed	in	several	steps,	using	a	larger	
amount	of	solvent.	On	the	other	hand,	non-conventional	extraction	techniques,	such	as	microwave-assisted	
extraction	(MAE),	are	more	efficient	and	selective,	environmentally	friendly,	and	provide	the	preservation	
of	heat-sensitive	compounds	due	to	reduced	extraction	time	(Bitwell	et	al,	2023).

Microwave-assisted	extraction	(MAE)	is	a	modern	extraction	technique	that	is	intensively	employed	
for	the	isolation	of	compounds	from	plant	material.	MAE	is	a	process	of	using	electromagnetic	radiation	with	
a	frequency	of	0.3-300	GHz	(Chan	et	al,	2011).	Heat	and	mass	transfer	in	MAE	is	different	compared	to	con-
ventional	methods.	In	conventional	solid-liquid	extraction,	heat	transfer	takes	place	from	the	liquid	to	the	solid	
phase,	while	mass	transfer	occurs	from	the	solid	to	the	liquid	phase.	Contrarily	in	the	MAE	the	heat	and	mass	
are	transferred	from	the	solid	to	the	liquid.	During	the	MAE,	microwave	energy	penetrates	the	sample	and	
generates	heat	internally.	This	results	in	the	disruption	of	cell	structures	and	provides	extraction	time	reduction	
and	better	penetration	of	compounds	from	the	matrix	to	the	solvent	(Sadeghi	et	al,	2017).	Understanding	these	
processes	and	proper	control	of	microwave	power,	extraction	time,	and	sample-solvent	interactions	is	neces-
sary	to	ensure	effective	heat	and	mass	transfer	during	the	MAE.	In	microwave-assisted	extraction,	several	
parameters	affect	on	the	efficiency	and	the	yield	of	extracted	compounds	of	interest	such	as	extraction	time,	
solvent	type,	microwave	power,	sample-solvent	ratio,	sample	size,	etc	(Alara	et	al,	2018;	Pengdee	et	al,	2020).	
Modeling	the	process	is	an	essential	step	for	achieving	an	efficient	and	selective	extraction	process,	and	ob-
taining	high-quality	extracts.	Artificial	neural	networks	(ANNs)	are	often	used	to	model	and	predict	complex	
processes	such	as	microwave-assisted	extraction	(Simić	et	al,	2013;	Sinha	et	al,	2013).

In	this	study,	in	order	to	model	the	microwave-assisted	extraction	process	and	predict	the	yield	of	
lycopene	extracted	from	tomato	peels	as	a	function	of	the	extraction	time	and	microwave	power,	an	appro-
priate	artificial	neural	network	was	created.

MATERIALS AND METHODS

Materials
Fresh	ripe	tomatoes	(Solanum lycopersicum)	used	in	this	study	as	a	raw	material	for	obtaining	to-

mato	peels	were	purchased	from	a	local	market	in	Skopje,	N.	Macedonia.	The	tomato	peels	were	separated	
by	using	a	commercial	electric	peeling	machine.	Obtained	tomato	peels	were	immersed	in	the	1%	potas-
sium	metabisulfite	solution	for	3	min	to	inhibit	the	growth	of	microorganisms	and	protect	the	material	from	
molds.	Pre-treated	peels	were	dried	at	30℃	to	moisture	less	than	10%.	The	average	moisture	content	of	the	
homogenized	material	was	8.24%.	The	particle	size	of	the	working	raw	material	was	in	the	range	of	0.315-
3.15	mm.	The	raw	material	was	vacuumed	in	plastic	bags	and	stored	in	a	refrigerator	at	a	temperature	of	
4℃.	The	prepared	tomato	peels	were	employed	for	the	extraction	of	lycopene	by	using	microwave-assisted	
extraction.	n-Hexane	(for	analysis,	Merck)	was	used	for	the	isolation	of	lycopene	from	tomato	peels.
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Microwave-assisted extraction process
The	microwave-assisted	extraction	process	was	done	in	a	created	system	for	microwave-assisted	

extraction	by	using	a	modified	commercial	microwave	oven	(Superior	Technology,	maximum	power	of	
700	W).	Tomato	peels	2	g	and	40	ml	of	n-hexane	(1:20	sample	to	solvent	ratio	w/v)	were	placed	into	a	250	
ml	round	bottom	flask	and	fixed	into	the	oven.	The	bottom	flask	was	connected	to	a	condenser.	The	mi-
crowave-assisted	extraction	system	is	illustrated	in	Figure	1.	After	finishing	the	extraction,	the	sample	was	
immediately	filtered	through	a	filter	paper	with	a	pore	size	of	25	µm.	Inert	residues	were	separated	on	the	
filter	paper.	The	n-hexane	was	vaporized	from	the	extract	in	a	rotary	vacuum	evaporator	(Büchi	R-200).	The	
dried	residue	represented	the	total	extract	and	the	yield	of	the	total	extract	was	determined.	Subsequently,	
the	total	extract	was	dissolved	in	the	n-hexane,	and	the	concentration	of	the	lycopene	was	measured.

Figure 1. Schematic	of	the	microwave-assisted	extraction	system	for	recovering	lycopene	from	tomato	peels

In	this	study,	the	influence	of	extraction	time	t	and	microwave	power	P	on	the	yield	of	lycopene	was	
investigated.	MAE	was	performed	at	a	microwave	power	of	120,	230,	and	385	W	for	a	duration	of	2,	5,	8,	
and	10	min.

Determination of lycopene yield
The	concentration	of	lycopene	in	the	prepared	solution	was	quantified	by	using	a	UV/Vis	spectro-

photometer	(Spectroquant®	Prove	600).	The	measurement	was	performed	at	25℃	in	the	wavelength	range	
of	300-600	nm	with	a	peak	detection	of	0.05	and	Δλ=1	nm.	A	rectangular	quartz	glass	cuvette	with	a	10	mm	
path	length	was	used	for	analysis.	n-Hexane	as	a	blank	solution	was	employed	to	automatically	adjust	the	
baseline.

The	yield	of	lycopene	yL	(mg/100	g	of	tomato	peels)	was	calculated	by:
(1)

where:	A	is	the	absorbance	at	501	nm,	VE	is	the	volume	of	extract	(ml),	D	is	the	dilution	coefficient,	and	mS 
is	the	mass	of	the	sample	(kg).

ANN modeling of MAE
Artificial	neural	networks	(ANNs)	have	often	been	used	to	model	complex	relations	between	inde-

pendent	input	data	and	dependent	output	data.	An	artificial	neural	network	is	a	statistical	model	of	learning	
inspired	by	biological	neural	networks.	ANN	is	a	technique	for	generating	a	prediction	of	output	variables	
such	as	the	concentration	of	target	compounds	or	extraction	yield.	The	effectiveness	of	ANN	modeling	de-
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pends	on	data	quality,	ANN	architecture,	hyperparameter	tuning,	activation	functions,	training,	validation,	
and	testing	of	the	created	model.

ANN	model	was	created	and	developed	to	model	and	optimize	the	microwave-assisted	extraction	
process	of	lycopene	from	tomato	peels,	i.e.	for	predicting	the	lycopene	yield	as	a	function	of	extraction	time	
and	microwave	power.	The	ANN	model	was	designed	in	MATLAB-Neural	Network	Toolbox.	The	extrac-
tion	time	and	microwave	power	were	used	as	input	values	so	the	ANN	contained	two	neurons	in	the	input	
layer.	The	yield	of	lycopene	was	employed	as	a	target	value	hence	the	output	layer	contained	one	neuron.	
The	optimal	number	of	neurons	in	the	hidden	layer	as	a	crucial	parameter	was	verified	by	determining	the	
minimum	value	of	mean	squared	error	(MSE).	The	MSE	is	mathematically	calculated	by:

(2)

where	n	is	the	number	of	all	observations,	Xpi	is	a	predicted	value	generated	from	the	model,	and	Xai	is	an	
actual	value	obtained	from	the	experiments.	Response	surface	methodology	(RSM)	was	applied	and	com-
bined	with	the	ANN	model	to	optimize	the	MAE	process,	mathematical	model	fitting,	graphical	response	
surface	representation,	and	analysis	of	the	importance	of	investigated	operating	parameters.	RSM	model	
was	developed	in	Statgraphics	Centurion	XV.

The	evaluation	of	adequacy	and	efficiency	of	the	model	was	determined	by	the	MSE,	the	coefficient	
of	determination	(R2),	and	the	mean	absolute	error	(MAE).

(3)

(4)

where	Xm	is	the	average	of	the	actual	values.

RESULTS AND DISCUSSION
Microwave-assisted	extraction	of	lycopene	from	tomato	peels	with	n-hexane	was	performed	at	wor-

king	conditions	as	described	previously,	in	order	to	determine	and	model	the	influence	of	extraction	time	t	and	
microwave	power	P	on	the	lycopene	yield.	The	UV/Vis	absorption	spectrum	of	each	obtained	extract	contai-
ned	three	characteristic	peaks	of	lycopene	at	444,	470,	and	501	nm	(Figure	2).	To	avoid	interference	of	other	
carotenoids,	the	absorbance	at	501	nm	was	selected	for	the	determination	of	lycopene	content	in	the	extract.	

Figure 2. The	UV/Vis	absorption	spectrum	of	the	lycopene	extracted	with	n-hexane	from	tomato	peels	by	using	MAE	(t=2	
min,	P=120	W)
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An	adequate	artificial	neural	network	model	was	developed	for	modeling	the	microwave-assisted	
extraction	process	and	for	the	prediction	of	the	lycopene	yield	from	tomato	peels	obtained	by	using	n-hexa-
ne	as	a	solvent.	The	development	of	the	appropriate	ANN	model	based	on	the	experimental	values	involved	
several	steps,	from	data	collection	and	splitting	to	model	training	and	evaluation.	Choosing	from	the	sev-
eral	types,	a	feedforward	neural	network	(FNN)	was	built	and	trained	by	using	the	Levenberg-Marquardt	
(LM)	algorithm	to	adjust	the	weights	during	the	backpropagation	process.	The	values	of	extraction	time	
and	microwave	power	were	used	as	an	input	matrix	in	the	ANN	model.	The	experimentally	obtained	yields	
of	lycopene	were	used	as	a	target	matrix	in	the	model.	The	model	was	trained	by	using	60%	of	the	data	set	
and	the	training	involved	optimizing	weights	and	calculating	the	error	between	the	predicted	and	the	actual	
target	output.	The	performance	and	precision	of	the	ANN	were	monitored	through	the	validation	and	test-
ing	steps.	The	data	set	was	split	into	training,	validation,	and	test	sets,	containing	60%	for	training,	20%	for	
validation,	and	20%	for	testing.	The	optimal	number	of	neurons	in	the	hidden	layer	with	nonlinear	hyper-
bolic	tangent	activation	function	was	determined	at	a	minimum	MSE.	Different	numbers	of	neurons	in	the	
range	of	2-12	in	the	hidden	layer	were	analyzed	(Figure	3).

Figure 3. The	relation	between	the	number	of	neurons	in	the	hidden	layer	and	the	mean	squared	error

The	created	ANN	model	with	architecture	2-10-1	generated	an	output	matrix	of	predicted	lycopene	
yield	yLANN	versus	experimentally	obtained	actual	lycopene	yield	yL	with	a	high	coefficient	of	determination	
R2=0.9957	and	low	mean	squared	error	MSE=0.475.	The	visual	relations	between	the	predicted	outputs	of	
the	model	and	the	actual	target	for	the	training,	validation,	testing,	and	all	are	given	in	Figure	4.	The	scatter	
plots	also	show	that	the	ANN	model	adequacy	and	efficiency	predicted	the	actual	data	with	high	correlation	
coefficients	of	1,	0.99821,	and	0.997494	for	training,	validation,	and	testing,	respectively.

The	error	histogram	shown	in	Figure	5	provided	additional	verification	of	the	network	performance,	
where	most	data	fall	on	the	zero	error	line.	It	generally	suggests	that	each	pair	of	data	is	a	good	fit	and	the	
ANN	model	mathematically	describes	 the	MAE	process	well.	The	utilized	ANN	model	adequately	pre-
dicted	the	lycopene	yield	from	tomato	peels	obtained	in	the	operating	range	of	0-10	min	and	120-385	W	
(Figure	6).
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Figure 4. ANN	regression	plots	for	training,	validation,	testing,	and	all	data	sets

Figure 5. Plot	error	histogram	for	the	ANN	model

The	RSM	was	used	to	optimize	the	ANN	model	and	determine	the	effects	of	extraction	time	and	
microwave	power	on	the	lycopene	yield,	as	well	as	to	define	the	optimum	MAE	region.	The	RSM	effi-
ciently	fitted	the	ANN	predicted	yield	of	lycopene	yLANN	with	a	high	coefficient	of	determination	R2=0.9477	
and	a	low	mean	absolute	error	MAE=1.84507.	The	standardized	Pareto	chart	(significance	level,	α=0.05)	
for	the	considered	process	is	shown	in	Figure	7.	The	chart	shows	that	the	extraction	time	(A),	the	interaction	
between	extraction	time	and	microwave	power	(AB),	and	the	microwave	power	(B)	have	a	positive	effect	
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on	the	lycopene	yield,	while	the	extraction	time-squared	(AA)	and	the	microwave	power-squared	(BB)	inf-
luence	negatively.	However,	the	extraction	time	and	extraction	time-squared	have	statistically	significant	
effects	on	the	lycopene	yield.

Figure 6. A	comparative	plot	of	ANN	predicted	lycopene	yield	and	experimentally	obtained	lycopene	yield

Figure 7. Pareto	chart	of	relative	importance	and	standardized	influence	of	operating	parameters	on	the	lycopene	yield

The	regression	equation	was	utilized	to	empirically	describe	the	relation	between	the	studied	op-
erating	parameters	and	ANN-predicted	lycopene	yield.	The	relation	was	mathematically	defined	using	the	
following	equation:

(5)
A	3D	response	surface	was	created	to	visually	present	the	effects	and	interactions	of	independent	

factors	on	the	response	(yLANN).	The	response	surface	is	given	in	Figure	8,	where	the	axes	represent	the	lev-
els	of	inputs	(time	and	power),	and	the	vertical	axis	represents	the	ANN-predicted	lycopene	yield.

The	response	surface	shows	that	the	increase	of	extraction	time	in	the	region	of	0-8.5	min	results	in	
the	lycopene	yield	increase,	but	in	this	interval	the	increase	of	microwave	power	does	not	significantly	in-
fluence	in	lycopene	yield	increase.	After	approximately	8.5	min	to	10	min,	the	effect	of	time	on	the	lycopene	
yield	is	insignificant,	however,	the	increase	in	microwave	power	leads	to	the	lycopene	yield	increasing.	The	
response	surface	and	analysis	of	variance	showed	that	the	optimum	lycopene	yield	is	27.25	mg/100g	at	the	
microwave	power	of	324	W	and	extraction	time	of	8.6	min.
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Figure 8. Response	surface	plot	for	the	microwave-assisted	extraction	of	lycopene	from	tomato	peels

CONCLUSION
The	recovery	of	lycopene	from	tomato	peels	with	n-hexane	by	using	microwave-assisted	extrac-

tion	was	investigated	in	this	study.	The	tomato	peels	were	selected	as	a	low-cost	and	renewable	natural	
source	of	 lycopene	which	usually	has	been	generated	by	various	 industries	as	a	waste	by-product.	The	
non-conventional	microwave-assisted	extraction	technique	provided	a	high	lycopene	yield	in	a	short	period	
of	time.	The	artificial	neural	network	model	with	architecture	2-10-1	was	successfully	developed	and	used	
to	model	the	complex	influence	of	extraction	time	and	microwave	power	on	the	lycopene	yield.	The	ANN	
model	produced	an	output	matrix	of	predicted	lycopene	yield	versus	experimentally	obtained	yield	with	
R2=0.9957	and	MSE=0.475.	The	created	model	adequately	predicted	the	lycopene	yield	from	dry	tomato	
peels	in	the	operating	range	of	0-10	min	and	120-385	W.	The	RSM	with	a	high	coefficient	of	determination	
R2=0.9477	and	a	low	mean	absolute	error	MAE=1.84507,	was	applied	and	combined	with	the	ANN	model	
to	optimize	the	MAE	process.	The	statistical	analysis	showed	that	extraction	time,	microwave	power,	and	
their	interaction	influence	positively,	while	time-squared	and	power-squared	had	a	negative	effect	on	the	
lycopene	yield.	The	optimal	yield	of	lycopene	was	achieved	(27.25	mg/100g)	at	the	microwave	power	of	
324	W	for	a	duration	of	8.6	min.
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