
INTRODUCTION 
Green	 tea	 (GT)	 is	 a	 high	 source	 of	 polyphenols	 such	 as	 epigallocatechin	 gallate,	 epigallocate7ch,	
epicatechin	 gallate,	 and	 epicatechin.	 Beside	 their	 an7oxidant	 proper7es,	 these	 polyphenols	 show	
pharmacological	ac7vi7es	and	their	consump7on	has	been	correlated	with	low	incidence	of	chronic	
pathologies	related	to	oxida7ve	stress.	The	GT	amount	that	must	be	consumed	daily	to	obtain	the	
aforemen7oned	health	benefits	is	quite	high	and	difficult	to	achieve.	In	this	contest,	the	produc7on	
of	 food	 products	 for7fied	 with	 GT	 extract	 (GTE)	 can	 help	 to	 reach	 the	 intake	 of	 GT	 polyphenols	
capable	of	exer7ng	beneficial	effects	on	human	health.	Nutri7onal	for7fica7on	with	GT	extract	was	
studied	in	bakery	products	such	as	bread	and	biscuits,	noodles,	probio7c	yogurt,	frozen	surimi	gel,	in	
dried	 and	minimally	 processed	 apples	 (Tappi	 et	 al.,	 2017).	 However,	 the	 addi7on	 of	 GTE	 to	 food	
products	can	affect	their	physical	and	sensory	characteris7cs	(e.g.	colour)	thus,	the	enrichment	with	
GT	can	not	be	assessed	only	depending	on	the	desired	polyphenols	for7fica7on	degree	but	it	must	
be	performed	taking	into	account	side	effects	exerted	by	these	components	on	the	quality	aNributes	
of	the	food	product.	
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AIM:	
To	 inves7gate	 the	 use	 of	 green	 tea	 extract	 for	 the	 produc7on	 of	 frozen	 carrots	 for7fied	with	 GT	
polyphenols.	In	order	to	limit	quality	loss	induced	by	processing	and	frozen	storage	and	to	produce	
high	quality	frozen	products,	carrots	were	enriched	also	with	trehalose.	The	solutes	penetra7on	into	
the	vegetable	was	performed	by	using,	as	 freezing	pre-treatments,	blanching	 in	 combina7on	with	
vacuum	impregna7on.		

Table	1:	experimental	plan.	

RESULTS 

CONCLUSION	
!  Blanching	 in	 trehalose	 solu7on	 and	 VI	 treatment	with	 green	 tea	 extract	 slightly	 affected	 the	 quality	 proper7es	 of	

carrots	and	allowed	to	 increase	considerably	the	carrots’	 func7onal	proper7es	and	to	preserve	the	firmness	of	the	
plant	7ssue.		

!  Trehalose	 showed	 a	 cryoprotec7ve	 effect	 on	 the	 physical	 proper7es	 of	 the	 frozen	 samples	 only	when	 its	 addi7on	
occurred	by	blanching.		

!  Aler	 freezing	 and	 frozen	 storage	 all	 the	 samples	 evidenced	 a	 significant	 loss	 of	 carotenoids	 while	 the	 total	
polyphenol	 content	 decreased	 only	 on	 carrots	 previously	 for7fied	 with	 green	 tea	 polyphenols.	 Despite	 these	
varia7ons,	blanching	and	vacuum	impregna7on	in	green	tea	extract	allowed	to	obtain	aler	60	days	of	frozen	storage	
carrots	with	an	an7oxidant	ac7vity	doubled	compared	to	the	fresh	vegetable.		
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CONCLUSION	
Blanching	and	vacuum	impregna1on	can	be	both	effec1vely	used	to	enhance	
nutri1onal	and	func1onal	proper1es	of	organic	dried	carrots	by	incorpora1ng	
trehalose	 and	 green	 tea	 extract,	 as	 well	 as	 to	 improve	 physicochemical	
proper1es	and	drying	behaviour	by	reducing	the	drying	1me.	
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INTRODUCTION	
Dried	 carrots	 (Daucus	 carota	 L.)	 are	 widely	 used	 to	 produce	 ready-to-eat	
meals	 and	 snacks,	 which	 have	 become	 popular	 in	 the	 diet	 of	 modern	
consumers	 in	 parallel	 with	 the	 human	 consump1on	 of	 organic	 products.	
Although	 exposure	 to	 high	 temperatures	 may	 reduce	 the	 product	 quality,	
carrots	 are	usually	 blanched	 in	hot-water	 and	 then	dried	using	hot-air	with	
the	 poten1al	 for	 subsequent	 loss	 of	 nutrients.	 A	 proper	 selec1on	 of	 drying	
pre-treatments	is,	thus,	a	crucial	factor	to	obtain	a	high-value	end	product	at	
the	lowest	energy	consump1on.	Research	on	carrot	drying	directed	to	ensure	
the	produc1on	of	high	quality	and	environmentally	friendly	food	products	has	
been	 widely	 reported	 in	 literature.	 However,	 in	 recent	 years,	 the	 growing	
awareness	 of	 the	 rela1onship	 between	 food	 and	 health	 has	 increased	 the	
consumer	 demand	 towards	 food	 products	 with	 enhanced	 nutri1onal	 and	
func1onal	 proper1es.	 Hence,	 the	 industries	 need	 to	 diversify	 their	
produc1ons	 exploring	 new	 func1onal	 ingredients,	 formula1ons	 and	
processes.	 In	this	contest,	few	inves1ga1ons	(Escobedo-Avellaneda	Z.,	2018)	
have	 been	 focused	 on	 the	 op1miza1on	 and	 applica1on	 of	 pre-drying	
treatments	 such	 as	 blanching	 (BL)	 and	 vacuum	 impregna1on	 (VI)	 for	 the	
design	and	development	of	high	quality,	new	natural	func1onal	products.		

AIM	
Aim	of	this	study	was	to	produce	dried	carrots	characterized	by	
high	 quality	 and	 func1onal	 proper1es.	 Drying	 pre-treatments	
such	as	blanching	in	water	or	trehalose	solu1on,	in	combina1on	
with	 vacuum	 impregna1on	 with	 trehalose	 and/or	 green	 tea	
extract	solu1ons	were	inves1gated	and	evaluated	for	their	effect	
on	drying	kine1cs	and	dried	products	quality.	
	
	
	
	
	
	
	
	
	

MATERIALS	&	METHODS	
RAW	MATERIAL:	 Organic	 carrots	 (Daucus	 carota	 L.,	 var.	 Carvejo,	 length	 of	 18-20	 cm,	 diameter	 of	 1.5-2	 cm,	 slices	 of	 5-mm	 thick.	 PRE-TREATMENTS:	 (i)	 blanching	
(sample:solu1on	 ra1o	 of	 1:10	 w/v)	 in	 water	 (BLw)	 or	 trehalose	 4%	 w/v	 (BL4T)	 at	 90	 °C	 for	 3	 min	 in	 a	 temperature	 controlled	 hot	 pot;	 (ii)	 vacuum	 impregna1on	
(sample:solu1on	ra1o	of	1:10	w/v,	T=20	°C)	 	at	50	mbar	for	10	minutes	with	water	(VIw),	trehalose	10%	w/v	(VI-10T),	green	tea	extract	0.25%	w/v	(VI-E)	and	trehalose	
10%	w/v	in	combina1on	with	green	tea	extract	0.25%	w/v	(VI-10T-E)	in	a	vacuum	laboratory	equipment.	Post	vacuum	was	of	10	minutes.	Fresh	carrots	were	used	as	
control	treatment	(F).	DRYING:	60	°C	up	to	a	final	moisture	content	on	dry	basis	(MC)	of	0.6	g/g.	Dryer:	hot-air	drier	(mod.	Biosec,	Tauro	Essicatori,	Italy)	equipped	with	a	
digital	 balance	 (mod.	HT1500,	NHU,	Germany).	 EVALUATIONS:	drying	 rate,	 CIELab	 colour,	 firmness,	moisture	 content	 (dry	basis),	water	 ac1vity,	 residual	 peroxidase	
ac1vity,	soluble	solids	content,	total	carotenoid	content,	total	phenols	content	(TPC),	an1oxidant	ac1vity	(Trolox	Equivalent	An1oxidant	Capacity,	TEAC),	sugars	content,	
rehydra1on	rate	 (dried	carrot	only).	STATISTICAL	ANALYSIS:	Two-way	analysis	of	variance	 (ANOVA)	was	used	to	evaluate	significant	effects	of	both	BL	and	VI	 factors	
while	Tukey’s	pairwise	comparison	was	used	to	evidence	significant	differences	(P	≤	0.05)	among	samples	before	and	aner	drying	(BD	and	AD,	respec1vely).		

RESULTS	
ü  BL	 allowed	 to	 stabilize	 carrots	 according	 to	 industrial	 requirements	

(residual	POD	enzyme	ac1vity	<0.1;	data	not	shown);	
ü  Blanching	 nega1vely	 affected	 the	 SSC	 of	 the	 dried	 samples;	 the	 use	 of	

trehalose	solu1on	during	VI	compensated	for	the	this	effect	(Table	1);		
ü  Blanching	 led	 to	 homogeneous,	 vivid	 and	 pleasant	 colour	 while	 the	 VI	

effect	on	chroma1city	was	negligible	(Table	1);		
ü MC	values	were	higher	in	BL	and	no-trehalose	VI	treatments	than	control.	

Changes	in	moisture	content	affected	the	drying	rate	of	process	(Table	1),	
with	BL	speeding	up	the	drying	process	by	3-7%	and	VI10T-E	reducing	the	
drying	rate	by	~	8%.	

ü  	BL4T	improved	the	rehydra1on	rate	of	dried	carrot	slices,	which	was	1.37	
1mes	higher	than	control	(Table	1);		

ü  Pre-treatments	limited	the	hardness	loss	of	carrots	(data	not	shown).	
ü  All	treatments	had	no	effect	on	the	total	carotenoids	content;	the	average	

content	was	equal	to	5.17	mg	ß-carotene;	
ü  VI	with	 green	 tea	 extract	 allowed	 to	 significantly	 increase	 both	 the	 TPC	

(figure	 1a)	 and	 TEAC	 (figure1b)	 of	 carrot	 slices.	 BLw	 and	 VI	 nega1vely	
affected	the	TPC	of	 the	dried	samples,	however,	all	 samples	blanched	 in	
trehalose	 showed	 only	 slight	 differences	 in	 TPC	 compared	 to	 no	 pre-
treated	dried	carrots	(figure	1a);	

ü  BL4T	 and	 VI	 with	 green	 tea	 extract	 evidenced	 a	 preserva1ve	 effect	 on	
carrots	an1oxidant	ac1vity	during	drying	(TEAC	loss	reduced	up	to	1%).		
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Table	1.	Summary	of	the	main	effects	of	blanching	and	vacuum	impregnaIon	on	carrot	slices	characterisIcs.	

Figure	1.	Total	phenols	content	(TPC)	and	Trolox	Equivalent	AnIoxidant	Capacity	(TEAC)	before	and	aXer	drying.			

a)	 b)	
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M&M 
!  MATERIALS:	Organic	carrots	(Daucus	carota	L.,	cv	Romance)	were	selected	(i.e.	length	of	18-20	cm	and	diameter	of	

1.5-2	 cm),	washed,	peeled	and	 cut	 in	0.5	 cm	 thick	 slices.	Green	 tea	 (Camelia	 sinensis)	powder	extract	 (GTE)	was	
purchased	from	PromoPharma	s.r.l.	(Republic	of	San	Marino)	while	trehalose	from	Adea	s.r.l.	(Busto	Arsizio,	Italy).		

!  EVALUATIONS:	mass	transfers,	trehalose	content,	colour	(h°),	firmness,	residual	peroxidase	ac7vity,	total	carotenoid	
content,	total	polyphenols	content	(TPC)	by	FC	assay,	an7oxidant	ac7vity	(AOA)	by	ABTS	assay.	

!  STATISTICAL	ANALYSIS:	data	were	reported	as	mean	and	standard	devia7on	and	addi7onally	analysed	by	ANOVA.	
Significant	 differences	 between	 means	 were	 calculated	 by	 LSD	 test	 at	 a	 significance	 level	 ≤	 0.05.	 Data	 were	
processed	using	the	STATISTICA	for	Windows	(Stat	Sol™,	Tulsa,	OK)	solware.	

!  SAMPLES	 PREPARATIONS:	 Carrot	 slices	 were	 blanched	 in	 water	 (BLw)	 or	
trehalose	4%	w/v	 (BL4T)	 at	 90	 °C	 for	108	 sec.	Vacuum	 impregna7on	was	
carried	 out	 on	 BLw	 or	 BL4T	 samples	 by	 using	 as	 impregnant	 agent	water	
(VIw),	 trehalose	 10%	 w/v	 (VI10T),	 green	 tea	 extract	 0.25%	 w/v	 (VIE)	 or	
trehalose	10%	w/v	in	combina7on	with	green	tea	extract	0.25%	w/v	(VI10T-
E).	 Aler	 pre-treatments,	 samples	 were	 packed	 in	 BOPP	 bags	 (film	
thickness:	 30	mm)	 in	 air,	 frozen	 at	 -40	 °C	 and	 stored	 at	 -18	 °C	 up	 to	 60	
days.		

high	content	 in	epigallocatechins	" beneficial	effects	on	human	health	 (diabetes,	obesity,	
cancer,	cardiovascular	and	microbial	diseases	preven7on,	an7hypertensive	and	hypolipidemic	
effect)	
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Fig	I.	Trehalose	content	aler	blanching	and	VI	pre-treatments.	

Fig	II.	Hue	angle	(h°)	of	fresh	and	pre-treated	carrots	before	(t0)	and	aler	freezing	and	frozen	
storage	for	7	(t7)	and	60	(t60)	days.		

TOTAL	POLYPHENOL	CONTENT	
!  	 VI	 treatment	 in	 GT	 solu7ons	

determined	 a	 significant	
increase	 in	polyphenols,	which	
resulted	 three	 7mes	 higher	
than	 in	 the	 fresh	 vegetable.	
The	 addi7on	 of	 trehalose	 to	
GTE	 solu7on	 nega7vely	
affected	 the	 carrots	
for7fica7on	 with	 these	
bioac7ve	compounds.	

!  Aler	 freezing	 and	 60	 days	 of	
frozen	 storage,	 only	 samples	
blanched	 and	 vacuum	
impregnated	with	GTE	solu7on	
evidenced	 a	 significant	
decrease	of	the	TPC.		

ANTIOXIDANT	ACTIVITY	
!  Blanching	in	trehalose	solu7on	

and	 VI	 with	 GTE	 solu7on	
posi7vely	 affected	 the	 carrots	
AOA;		

!  Aler	 freezing	 and	 frozen	
storage	 a	 significant	 AOA	
reduc7on	was	 observed	 as	 an	
effect	 of	 both	 the	 carotenoids	
and	polyphenols	decrease.		

Fig	III.	Firmness	of	not	pre-treated	and	pre-treated	carrots	before	(t0)	and	aler	freezing	and	
frozen	storage	for	7	(t7)	and	60	(t60)	days.		

Fig	VI.	An7oxidant	ac7vity	of	not	pre-treated	and	pre-treated	carrots	before	(t0)	and	aler	
freezing	and	frozen	storage	for	60	(t60)	days.		

Fig	V.	Total	polyphenol	content	of	not	pre-treated	and	pre-treated	carrots	before	(t0)	and	aler	
freezing	and	frozen	storage	for	60	(t60)	days.		

TREHALOSE	ENRICHMENT		
!  Both	 blanching	 and	 vacuum	

impregna7on	 pre-treatment	
allowed	 to	 effec7vely	 enrich	
the	 sliced	 carrots	 with	
trehalose.	
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COLOUR	
! BL	 and	 VI	 pre-treatments	

determined	a	 slight	 increase	 in	
the	h°.	

!  Aler	 freezing	 and	 frozen	
storage	 blanching	 in	 trehalose	
solu7on	posi7vely	affected	the	
hue	angle	of	sliced	carrots.	

FIRMNESS	
!  Blanching	 significantly	 impaired	

the	 carrots’	 firmness.	 BL4T+VIE	
and	 BL4T+VI10T-E	 samples	
evidenced	 a	 higher	 firmness	
compared	 to	 the	 other	 pre-
treated	samples.	

!  Freezing	 and	 frozen	 storage	
nega7vely	 affected	 the	 carrots’	
firmness.	

!  All	 the	 samples	 blanched	 in	
trehalose	 solu7on	 showed	aler	
7	days	of	frozen	storage	a	higher	
firmness	 than	 the	 water	
blanched	 ones;	 however,	 aler	
60	 days,	 no	 differences	 were	
found	among	samples.	

CAROTENOIDS		
! No	 differences	 in	 total	

carotenoids	 were	 observed	
among	 fresh	 and	 pre-treated	
samples.	

!  Aler	 freezing	 and	 frozen	
storage	 a	 significant	 decrease	
of	 carrots’	 carotenoid	 content	
was	evidenced.	

Fig	IV.	Total	polyphenol	content	of	not	pre-treated	and	pre-treated	carrots	before	(t0)	and	
aler	freezing	and	frozen	storage	for	60	(t60)	days.		
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