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Abstract
Impact	on	chemical	properties,	viscosity,	oxidative	stability,	and	fatty	acid	composi-
tion	(FAC)	of	10	vegetable	oil	blends	(VOBs)	following	intermittent	frying	of	chickpea	
splits	was	studied.	The	peroxide	(PV),	p-	Anisidine	(p-	AV),	acid	(AV)	value,	and	viscos-
ity	of	VOBs	increased,	while	oxidative	stability	index	(OSI)	decreased	by	increasing	
frying	cycles	(FCs).	VOB-	3	and	VOB-	7	exhibited	a	minimum	change	in	PV,	AV,	p-	AV,	
viscosity,	and	OSI	with	an	increment	in	FCs.	Oil	uptake	increased	with	an	increment	
in	FCs	and	the	lowest	change	observed	in	VOB-	3	(6.0%–	13.7%).	VOB-	7,	VOB-	8,	and	
VOB-	6	exhibited	lower	changes	in	ω6/ω3	ratio,	saturated	and	unsaturated	fatty	acids	
contents,	respectively	with	an	increment	in	FCs.	VOB-	5	and	VOB-	9	exhibited	higher	
variation	in	FAC	and	FTIR	peaks	while	atherogenic	and	thrombogenic	index	of	VOBs	
varied	 slightly	with	an	 increment	 in	FCs.	Based	on	 the	 results,	VOB-	3	and	VOB-	7	
were	found	suitable	for	intermittent	frying	of	chickpea	splits.

Practical applications
Vegetable	oil	blends	suitable	for	deep	fat	frying	were	identified	by	comparing	quality	
and	stability	characteristics	of	10	VOBs	during	intermittent	frying	of	chickpea	splits.	
VOB-	3	(CNO	+	SBO	[80:20])	and	VOB-	7	(CNO	+ RBO +	SBO	[60:20:20])	exhibited	
minimum	changes	in	chemical	properties,	viscosity,	and	OSI	with	an	increment	in	FCs	
and	had	balanced	FAC	(ω6/ω3	ratio).	Thus,	VOB-	3	and	VOB-	7	are	suitable	for	inter-
mittent	frying	among	the	studied	VOBs.

1  | INTRODUC TION

Deep	fat	frying	is	the	oldest	and	popular	cooking	practice	used	world-
wide	for	 the	preparation	of	different	 foodstuffs	 (Choe	&	Min,	2007).	

It	 involves	cooking	food	at	high	temperature	by	 immersing	 in	heated	
oil	for	simultaneous	heat	and	mass	transfer	(Multari	et	al.,	2019).	The	
deep-	frying	process	imparts	desirable	flavor,	color,	texture,	and	sensory	
attributes	 to	 food,	 and	 thus	widely	preferred	by	consumers	 for	 food	
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preparations	(Zribi	et	al.,	2014).	The	vegetable	oils	are	the	major	ingre-
dient	 in	the	fried	food	products,	and	they	are	repeatedly	heated	and	
reused	to	ensure	cost-	effectiveness	(Nayak	et	al.,	2016).	Owing	to	the	
presence	of	high	temperature,	moisture,	and	oxygen	in	food,	the	fry-
ing	process	leads	to	chemicals	reactions	(such	as	hydrolysis,	thermal	ox-
idation,	and	polymerization)	and	production	of	free	radicals,	toxic,	and	
anti-	nutritional	 compounds	 in	 frying	oil	 (Choe	&	Min,	2007;	Tavakoli	
et	al.,	2019).	The	thermal	oxidation	results	in	the	formation	of	oxida-
tion	products	 (primary	and	secondary)	and	hydrolysis	breakdown	 tri-
glycerides	in	the	presence	of	water	and	steam	into	glycerols,	glycerides,	
and	 free	 fatty	acids	 (FAs).	The	complex	 reactions	 like	polymerization	
and	 cyclization	 during	 deep-	frying	 produce	 several	volatile	 and	non-
volatile	metabolites	in	oils	(Kaur	et	al.,	2020;	Multari	et	al.,	2019).	The	
products	of	chemical	reactions	such	as	free	FAs,	alcohols,	cyclic	com-
pounds,	dimers,	oligomers,	and	polymers	alter	the	chemical	and	physi-
cal	properties	of	frying	oil	(Kaur	et	al.,	2020;	Nayak	et	al.,	2016).

During	 intermittent	or	discontinuous	deep-	frying	process,	 the	oil	
is	reused	and,	consequently,	its	degradation	is	more	as	compared	with	
other	cooking	methods	(Dobarganes	&	Márquez-	Ruiz,	2015).	The	prod-
ucts generated from adverse chemical reactions in repeatedly heated oil 
get	absorbed	in	foodstuff	and	cause	detrimental	health	effects	(Nayak	
et	 al.,	 2016;	 Tavakoli	 et	 al.,	 2019).	 The	 consumption	 of	 heated	 oils	
containing	toxic	substances	and	free	radicals	can	cause	cardiovascular	
diseases	(Ng	et	al.,	2014),	hypertension	(Soriguer	et	al.,	2003),	geno-
toxicity	 (Dung	 et	 al.,	 2006),	 carcinogenicity	 (Srivastava	 et	 al.,	 2010),	
aging,	and	other	degenerative	diseases	(Soleimanifar	et	al.,	2019).	The	
harmful effect of fried foods is attributed to the deterioration of the 
quality	of	oil	during	the	heating	process.	Fatty	acid	composition	(FAC)	
of	 refined	oils	 have	 important	 role	 in	maintaining	 the	quality	 during	
deep-	fat-	frying	 process	 (Kaur	 et	 al.,	 2020).	 The	 oils	 containing	 high	
content	of	polyunsaturated	fatty	acids	(PUFAs)	are	more	liable	to	oxi-
dation and degradation than the oil containing high level of saturated 
fatty	acids	(SFAs).	While	more	SFAs	are	not	desirable	as	they	contrib-
ute	to	atherogenicity	and	thrombogenicity	of	oils	 (Kaur	et	al.,	2020).	
Thus,	the	oils	having	balanced	FAC	with	desired	ω6/ω3	ratio	(5–	10:1),	
good	oxidative	 stability,	 and	nutritional	value	 are	 required	 in	human	
diet	to	prevent	certain	diseases	(Kaur	et	al.,	2020;	Ramadan,	2013).

Oil blending is a common technological method for the im-
provement	 of	 physicochemical,	 nutritional,	 textural,	 organo-
leptic	 characteristics,	 and	 oxidative	 stability	 of	 vegetable	 oils	
(Hashempour-	Baltork	et	al.,	2016;	Kiralan	et	al.,	2016).	Edible	veg-
etable oils can be modified by blending for the improvement of 
chemical	properties,	oxidative	stability,	and	nutritional	characteris-
tics	(Kiralan	et	al.,	2016,	2017).	The	vegetable	oil	blends	(VOBs)	with	
improved	thermal	stability	and	desired	nutritional	value	are	required	
in	the	food	industry	for	deep-	fat	frying	applications	(Hashempour-	
Baltork	 et	 al.,	 2016;	 Koohikamali	 &	 Alam,	 2019).	 The	 blended	 oil	
takes	advantage	of	the	oxidative	stability	and	quality	characteristics	
of different oils and improves the sensory attributes of the final food 
product	(Hashempour-	Baltork	et	al.,	2016).	Moreover,	the	use	of	oil	
mixtures	 in	 the	 frying	 process	 retard	 the	 oxidative	 and	hydrolytic	
rancidity and delay deterioration in fried food products during stor-
age	(Chotimarkorn	&	Silalai,	2008;	Hashempour-	Baltork	et	al.,	2016).

The	 studies	 related	 to	 quality	 characteristics	 and	 frying	 sta-
bility	 of	 different	 VOBs	 are	 of	 prime	 importance.	 The	 compar-
ative	 study	of	 changes	 in	 quality	 and	 stability	 characteristics	 of	
different	 VOBs	 during	 intermittent	 frying	 process	 is	 necessary	
to	 investigate	 the	 most	 appropriate	 oil	 blend	 for	 deep-	fat	 fry-
ing	operations.	Thus	the	present	study	formulated	10	VOBs	and	
compared	the	impact	of	frying	cycles	(FCs)	on	oxidative	stability	
index	(OSI),	chemical	properties,	viscosity,	oil	uptake,	FAC,	ω6/ω3	
ratio,	thrombogenicity	(TI)	and	atherogenicity	(AI)	index,	and	FTIR	
spectra	 of	 these	 oils.	 The	 VOBs	 that	 maintain	 good	 nutritional	
quality	and	oxidative	stability	characteristics	along	with	balanced	
fatty	acid	profile	during	intermittent	deep-	frying	operations	were	
identified.

2  | MATERIAL S AND METHODS

2.1 | Materials

The	 black	 chickpea	 splits,	 soybean	 oil	 (SBO),	 rice	 bran	 oil	 (RBO),	
canola	oil	(CNO),	cottonseed	oil	(CSO),	and	sunflower	oil	(SFO)	were	
purchased	from	the	local	market	of	Amritsar,	India.	All	the	chemicals	
used were of analytical laboratory grade.

2.2 | Preparation of vegetable oil blends (VOBs)

Ten	VOBs	 (VOB-	1	 to	VOB-	10)	were	prepared	by	mixing	vegetable	
oils in different ratios followed by stirring at 200 rpm for 15 min. 
The	composition	of	VOBs	were	as	follow:	VOB-	1:	CNO	80%	+ RBO 
20%;	VOB-	2:	CNO	80%	+	SFO	20%;	VOB-	3:	CNO	80%	+	SBO	20%;	
VOB-	4:	CNO	80%	+	CSO	20%;	VOB-	5:	CNO	60%	+	 RBO	20%	+ 
CSO	20%;	VOB-	6:	CNO	60%	+	RBO	20%	+	SFO	20%;	VOB-	7:	CNO	
60%	+	RBO	20%	+	SBO	20%;	VOB-	8:	CNO	50%	+	RBO	30%	+	CSO	
20%;	VOB-	9:	CNO	50%	+	RBO	30%	+	SFO	20%;	VOB-	10:	CNO	50%	
+	RBO	30%	+	SBO	20%.

2.3 | Frying process

The	chickpea	splits	were	cleaned,	hydrated,	and	fried	by	the	follow-
ing	procedure	described	by	Kaur	et	al.	(2020).	The	hydrated	chickpea	
splits had a moisture content of 48.54 ±	0.68%.	The	frying	pot	of	
the	electrical	 fryer	was	 filled	with	VOB	 (1	L)	and	heated	at	175°C	
for	10	min.	The	 frying	of	chickpea	splits	was	carried	out	at	175°C	
for	2	min	in	VOBs.	The	100	g	of	hydrated	chickpea	splits	deep-	fried	
for	2	min	and	drained	for	1	min	in	a	frying	basket	(steel	wire)	make	
up	one	frying	cycle	(FC).	The	oil	uptake	(OU)	was	estimated	as	de-
scribed	by	Kaur	et	 al.	 (2020)	during	 frying	 in	different	VOBs.	The	
fryer	was	put	off	and	VOB	was	cooled	to	 room	temperature	after	
each	 FC.	 Hundred	 milliliter	 of	 VOB	 was	 collected	 from	 the	 fryer	
after	FCs	(first,	fifth,	and	tenth	FC),	filtered,	and	stored	(at	−20°C)	in	
sealed	amber	colored	bottles	till	analysis.	The	VOB	in	the	fryer	was	
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replenished	to	1	L	and	re-	heating	at	175°C	for	10	min	before	starting	
the	next	FC.

2.4 | Chemical properties

The	peroxide	(PV),	acid	(AV),	and	p-	Anisidine	(p-	AV)	values	of	fresh	
VOBs	and	after	FCs	were	determined	using	official	methods	(Cd	8b-	
90,	Ca	5a-	40,	and	Cd	18-	90,	respectively)	of	American	Oil	Chemists’	
Society	(American	Oil	Chemists’	Society	(AOCS),	2017;	American	Oil	
Chemists’	Society	(AOCS),	1997).

2.5 | Oxidative stability index (OSI)

OSI	of	fresh	VOBs	and	after	FCs	was	determined	using	the	procedure	
described	by	Kaur	et	al.	(2020).	OSI	was	measured	using	Professional	
892	Rancimat	(Metrohm,	Switzerland)	at	120	±	1.6°C	using	10	L/h	of	
air inflow conditions and data reported as induction period in hours (h).

2.6 | Viscosity

The	viscosity	of	fresh	VOBs	and	after	FCs	was	determined	accord-
ing	 to	 the	method	described	by	Kaur	et	al.	 (2019)	using	MCR	102	
Rheometer	(Anton	Paar,	Austria).

2.7 | Oil uptake (OU)

The	OU	by	the	fried	chickpea	splits	collected	after	different	FCs	was	
determined	according	to	the	method	described	by	Kaur	et	al.	(2020).

2.8 | Fatty acid composition (FAC)

The	FAC	of	fresh	VOBs	and	after	FCs	was	studied	according	to	the	
official	 method	 Ce-	1h-	05	 of	 the	 American	 Oil	 Chemists’	 Society	
(AOCS,	 1997)	with	 slight	modifications	 as	 described	 by	 Suri	 et	 al.	
(2020).	 The	 fatty	 acid	methyl	 esters	were	 analyzed	 by	 an	 Agilent	
7820A	Gas	chromatography	system	equipped	with	FID	and	DB-	WAX	
capillary	column	(Agilent	Technologies,	USA).	The	individual	FA	was	
identified	(by	comparing	retention	time	with	standard)	and	quanti-
fied	(using	peak	area)	as	relative	percentage	of	total	FAs	(g/100	g).

2.9 | Thrombogenic (TI) and Atherogenic (AI) index

TI	and	AI	of	VOBs	were	calculated	according	to	following	equations	
as	described	previously	(Kaur	et	al.,	2020):

In	these	equations,	12:0,	14:0,	16:0,	18:0,	18:2,	18:3,	and	MUFAs	
are	lauric,	myristic,	palmitic,	stearic,	linoleic,	linolenic,	and	monoun-
saturated	FAs,	respectively.

2.10 | FTIR spectroscopy

IR	 spectra	of	 fresh	VOBs	and	after	FCs	were	obtained	 (32	 scans/
sample)	 using	 Vertex-	70	 FTIR	 Spectrometer	 (Brucker,	 Germany)	
equipped	 with	 ATR	 assembly	 as	 described	 previously	 (Suri	
et	al.,	2022).	FTIR	spectra	were	acquired	in	the	absorbance	range	of	
3500–	500	cm−1 at 4 cm−1	resolution	and	corrected	against	the	back-
ground	spectrum	of	air.	Three	spectra	were	taken	for	each	sample.

2.11 | Statistical analysis

All	 experiments	 for	 VOBs	were	 carried	 out	 in	 triplicate,	 and	 data	
were	 expressed	 as	mean	 value	 of	 the	 triplicate	± standard devia-
tion.	Pearson	correlation	and	principal	component	analysis	was	ap-
plied	to	evaluate	the	impact	of	FCs	on	VOBs	and	to	determine	the	
relations	among	the	studied	parameters.	The	two-	way	ANOVA	was	
performed	to	know	the	 impact	of	blending	and	intermittent	frying	
on	various	characteristics	of	oils.	For	analysis	of	data,	statistical	tools	
were	employed	using	Minitab	Software	(version14.12.0,	Minitab).

3  | RESULTS AND DISCUSSION

3.1 | Effect of FCs on AV of VOBs

The	AV	of	fresh	VOBs	and	after	FCs	is	listed	in	Table	1.	The	AV	of	
fresh	VOBs	ranged	from	0.06	to	0.13	mg	KOH/g,	which	falls	within	
the	 range	 (0.6	 mg	 KOH/g)	 recommended	 for	 refined	 oils	 (FAO/
WHO,	2009).	Among	fresh	VOBs,	the	lowest	AV	(0.06	mg	KOH/g)	
was	 observed	 in	 VOB-	5.	 The	 AV	 of	 VOBs	 increased	 with	 incre-
ment	 in	FCs.	F	 values	 revealed	higher	 significant	effect	of	FCs	on	
AV	than	the	VOBs	(p	≤	 .005,	Table	S1).	After	first,	 fifth,	and	tenth	
FC,	AV	of	VOBs	ranged	from	0.26	to	0.60,	0.37	to	0.86,	and	0.37	
to	 1.20	 mg	 KOH/g,	 respectively.	 The	 VOB-	3	 and	 VOB-	10	 exhib-
ited	minimum	and	maximum	change	 in	AV	with	 increment	 in	FCs,	
respectively.	Changes	in	AV	indicate	the	release	of	free	fatty	acids	
(FFAs)	due	to	hydrolytic	breakdown	of	triacylglycerol	in	oils	at	high	
temperature	during	 the	deep-	frying	operations	 (Kaur	et	al.,	2020).	
The	FFAs	released	in	oils	are	more	prone	to	thermal	oxidation	under	
deep-	frying	 conditions	 (Zribi	 et	 al.,	 2014).	 A	 study	 conducted	 by	
Ramadan	et	al.	(2006)	described	an	increase	in	FFAs	content	of	two	
VOBs	(SFO	+	palm	olein	and	CSO	+ palm olein) during intermittent 
frying	 of	 French	 fries.	 Similarly	 an	 increase	 in	 FFAs	 content	were	
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reported	during	deep-	frying	in	different	oils	(Kaur	et	al.,	2020;	Song	
et	 al.,	 2017;	Waghmare	 et	 al.,	 2018).	 A	 highly	 positive	 significant	
(p	≤	.005)	correlation	was	found	between	AV	and	FCs	(r = 0.667) as 
given	in	Table	3.	Similar	correlation	of	FFAs	with	FCs	was	described	
in	study	conducted	by	Kaur	et	al.	(2020).

3.2 | Effect of FCs on PV of VOBs

The	 PV	 indicates	 the	 development	 of	 primary	 oxidative	 products	
(peroxides	 and	hydroperoxides)	 due	 to	 the	oxidative	deterioration	
of	oils	(Suri	et	al.,	2020).	The	PV	of	VOBs	(fresh	and	after	first,	fifth,	
and	tenth	FCs)	is	given	in	Table	1.	The	PV	of	fresh	VOBs	was	noted	in	
the	range	of	2.65	to	8.67	meq	O2/kg,	with	the	lowest	and	highest	for	
VOB-	7	and	VOB-	2,	respectively.	The	VOB-	2	had	high	UFAs	content	
compared	with	other	VOBs	(Table	2).	The	PV	indicates	the	amount	
of O2	bound	in	UFAs	of	the	oil	(Kaur	et	al.,	2019).	Our	results	showed	
that	PV	of	fresh	VOBs	falls	within	the	acceptable	value	of	10	meq	
O2/kg	(FAO/WHO,	2009).	The	PV	of	VOBs	increases	by	addition	of	
FCs,	which	indicates	accumulation	of	peroxides	due	to	the	attack	of	
free	radical	on	UFAs	in	oils	during	intermittent	frying	process	(Kaur	
et	al.,	2020).	PV	exhibited	higher	significant	variation	with	FCs	than	
the	VOBs	 (p	 ≤	 .005,	Table	S1).	After	 first,	 fifth,	 and	 tenth	FC,	 the	
PV	of	VOBs	ranged	from	4.33	to	23.30,	9.67	to	33.30,	and	12.02	to	
37.30	meq	O2/kg,	respectively.	The	highest	and	lowest	PV	after	the	
tenth	FC	was	noted	in	VOB-	4	and	VOB-	7,	respectively.	A	significant	
change	in	PV	was	observed	in	VOB-	4	(23.30	to	33.30	meq	O2/kg),	
while	 a	minor	 change	 (10.00	 to	 11.33	meq	O2/kg)	was	 noticed	 in	
VOB-	9	with	an	increment	from	first	to	the	fifth	FC.	The	increase	in	
PV	 reflects	 the	oxidative	deterioration	 (formation	of	peroxides)	of	
oil	 during	 intermittent	 frying	 process	 (Kaur	 et	 al.,	 2020;	Ramadan	
et	al.,	2006).	An	increase	in	PV	of	two	VOBs	(SFO	+ palm olein and 
CSO	+	palm	olein)	during	intermittent	frying	of	French	fries	was	re-
ported	by	Ramadan	et	al.	 (2006).	 Liu	et	al.	 (2019)	also	observed	a	
similar	change	in	PV	of	palm	oil	and	SFO	by	 increasing	frying	time	
for	0	to	40	hr.	PV	exhibited	a	highly	positive	significant	 (p	≤	 .005)	
correlation	with	FCs	(r = 0.610) and positive significant (p	≤	.05)	cor-
relation	with	AV	(r =	0.342)	as	given	in	Table	3.	Similar	positive	corre-
lation	of	PV	with	FCs	and	FFA	content	of	refined	vegetable	oils	was	
previously	reported	by	Kaur	et	al.	(2020)	during	intermittent	frying	
process.

3.3 | Effect of FCs on p- AV of VOBs

The	p-	AV	of	fresh	VOBs	and	after	first,	fifth,	and	tenth	FCs	is	listed	
in	Table	1.	In	fresh	VOBs,	the	p-	AV	was	in	the	range	of	0.38	to	2.15,	
with	the	lowest	in	VOB-	4	and	highest	in	VOB-	9,	respectively.	The	
lower	p-	AV	of	 fresh	oil	 indicates	a	 lower	 lipid	oxidative	products	
level	 in	 that	 oil	 (Kaur	 et	 al.,	 2020).	 The	 p-	AV	of	VOBs	 increased	
with	 the	 addition	 of	 FCs.	 The	 increase	 in	 p-	AV	 relates	 with	 the	
formation of secondary products such as nonvolatile aldehydes 
(primarily	 2-	alkenals	 and	 2,4-	dienals)	 during	 deep-	frying	 in	 oils	VO
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TA B L E  2   Effect of frying cycles on fatty acid composition of vegetable oil blends

VOBs Ratio FC C16:0 (Palmitic)
C18:0 
(Stearic)

C20:0 
(Arachidic) C22:0 (Behnic) C24:0 (Lignoceric) C18:1n9c (Oleic)

C20:1n11 
(Gadoleic)

C18:2n6c 
(Linoleic)

C18:3n3c 
(Linolenic) SFAs MUFAs PUFAs UFAs

ω6/ω3 
ratio AI TI

VOB-	1	(CNO	+ RBO) 80:20 0 5.06 ± 0.05a 1.90	± 0.08a 0.59	±	0.03b 0.30	±	0.03a Nd 60.92	± 0.04d 1.09	±	0.03b 23.20	± 0.06b 7.23	± 0.06e 7.85 62.01 30.43 92.44 3.21 0.05 0.11

1 6.52 ± 0.05b 1.90	± 0.07a 0.60 ± 0.02b 0.34	± 0.02a Nd 59.70	±	0.03c 1.14 ±	0.03b 22.83	±	0.09c 6.63	± 0.08d 9.36 60.84 29.46 90.30 3.44 0.07 0.14

5 6.63	± 0.06b 1.98	± 0.06a 0.73	± 0.06c 0.39	± 0.05b Nd 59.17	± 0.07c 1.25 ± 0.04b 22.49	±	0.09a 6.36	±	0.09d 9.73 60.42 28.85 89.27 3.54 0.07 0.14

10 6.75 ± 0.04b 1.99	± 0.08a 0.79	± 0.07c 0.44 ± 0.04b 0.19	± 0.02a 59.08	± 0.06c 1.38	± 0.02b 22.70 ± 0.05b 5.00 ± 0.07c 10.16 60.46 27.70 88.16 4.54 0.08 0.15

VOB-	2	(CNO	+	SFO) 80:20 0 4.21 ± 0.05a 1.02 ±	0.03a 0.48 ±	0.03a 0.31	± 0.02a Nd 61.28 ± 0.06d 1.03	± 0.08b 26.93	±	0.09c 6.22 ±	0.09d 6.02 62.31 33.15 95.46 4.33 0.04 0.08

1 4.45 ±	0.03a 2.03	± 0.08b 0.58 ± 0.02b 0.35	± 0.05a Nd 59.26	± 0.04c 1.15 ± 0.02b 26.68 ± 0.06b 5.18 ± 0.08c 7.41 60.41 31.86 92.27 5.15 0.05 0.11

5 4.66 ± 0.05a 2.08 ± 0.06b 0.62 ± 0.02b 0.44 ± 0.04b Nd 58.25 ±	0.03c 1.19	± 0.07b 26.27 ± 0.05b 4.88 ± 0.08b 7.80 59.44 31.15 90.59 5.38 0.05 0.12

10 4.72 ± 0.04a 2.10 ± 0.11b 0.65 ± 0.05b 0.47 ± 0.07b 0.18 ±	0.03a 58.01 ± 0.07c 1.25 ± 0.04b 24.93	±	0.09c 4.60 ± 0.07b 8.12 59.26 29.53 88.79 5.42 0.05 0.12

VOB-	3	(CNO	+	SBO) 80:20 0 4.54 ± 0.02a 2.20 ± 0.08b 0.55 ±	0.03b 0.29	± 0.02a Nd 57.44 ± 0.05c 1.07 ± 0.02b 28.89	±	0.096c 5.69	± 0.07c 7.58 58.51 34.58 93.09 5.08 0.05 0.11

1 5.48 ± 0.06a 2.36	± 0.06b 0.53	± 0.02b 0.35	± 0.05a Nd 56.11 ± 0.06c 1.08 ± 0.08b 28.21 ± 0.06 b 5.48 ± 0.08c 8.72 57.19 33.69 90.00 5.15 0.06 0.13

5 5.48 ±	0.03a 2.37	± 0.08b 0.63	± 0.05b 0.36	± 0.04a Nd 55.92	±	0.03c 1.26 ± 0.14b 27.45 ±	0.09c 5.30	±	0.09c 8.84 57.18 32.75 89.93 5.18 0.06 0.13

10 5.57 ± 0.07a 2.39	± 0.05b 0.70 ± 0.05c 0.44 ± 0.04b 0.30	± 0.01b 55.31	± 0.06c 1.32	±	0.03b 26.81 ± 0.05 b 5.10 ± 0.07c 9.40 56.63 31.91 88.54 5.26 0.06 0.14

VOB-	4	(CNO	+	CSO) 80:20 0 8.31	± 0.05c 2.34	± 0.07b 0.40 ±	0.03a 0.26 ± 0.05a Nd 50.47 ± 0.06b 0.79	± 0.02a 31.43	±	0.09	c 5.95	± 0.08c 11.31 51.26 37.38 88.64 5.28 0.09 0.18

1 9.14	± 0.05d 2.46 ± 0.08b 0.43	± 0.04a 0.31	±	0.03a Nd 49.85	±	0.09a 0.84 ± 0.04a 31.13	±	0.09c 4.72 ± 0.06b 12.34 50.69 35.85 86.54 6.59 0.11 0.21

5 9.54	± 0.05d 2.49	±	0.09b 0.55 ± 0.02b 0.34	± 0.04a Nd 49.59	± 0.02a 0.95	±	0.03a 30.37	± 0.05b 4.60 ± 0.07b 12.92 50.54 34.97 85.51 6.60 0.11 0.22

10 9.91	± 0.05d 2.47 ±	0.03b 0.61 ± 0.05b 0.38	± 0.05a 0.18 ±	0.03a 49.06	± 0.04a 1.01 ± 0.02b 30.34	± 0.06b 4.34	±	0.09b 13.55 50.07 34.68 84.75 6.99 0.12 0.23

VOB-	5	(CNO	+ RBO +	CSO) 60:20:20 0 8.29	± 0.04c 2.18 ± 0.06b 0.59	± 0.02b Nd Nd 51.69	± 0.05b 1.08 ± 0.08b 30.54	± 0.05b 6.01 ± 0.08d 11.06 52.77 36.55 89.32 5.08 0.09 0.17

1 9.80	± 0.06d 2.23	± 0.06b 0.67 ± 0.05b Nd Nd 50.58 ± 0.06b 1.06 ± 0.07b 28.65 ±	0.09c 5.00 ±	0.09c 12.70 51.64 33.65 85.29 5.73 0.11 0.22

5 10.64 ± 0.04d 2.35	±	0.03b 0.72 ± 0.07c 0.37	± 0.02a 0.17 ±	0.03a 50.50 ± 0.07b 1.00 ± 0.04b 28.36	±	0.09c 4.80 ± 0.07b 14.25 51.50 33.16 84.66 5.91 0.13 0.24

10 11.28 ± 0.05e 2.49	± 0.04b 0.76 ± 0.06c 0.38	± 0.05a 0.27 ± 0.04b 48.66 ± 0.55a 0.98	± 0.02a 28.31	±	0.09c 4.36	± 0.06b 15.18 49.64 32.67 82.31 6.49 0.14 0.26

VOB-	6	(CNO	+ RBO +	SFO) 60:20:20 0 6.39	± 0.07b 2.22 ±	0.09b 0.68 ± 0.05b Nd Nd 52.32	± 0.05b 0.71 ± 0.02a 29.75	± 0.06 b 5.16 ± 0.06c 9.29 53.03 34.91 87.94 5.76 0.07 0.15

1 6.41 ± 0.05b 2.27 ± 0.06b 0.67 ± 0.02b Nd Nd 56.21 ± 0.06c 0.93	± 0.07a 28.65 ±	0.09	c 5.02 ± 0.07c 9.35 57.14 33.67 90.81 5.70 0.07 0.15

5 6.74 ± 0.06b 2.30	±	0.09b 0.68 ± 0.05b 0.51 ±	0.03c Nd 55.2 ± 0.07c 1.07 ± 0.08b 28.52 ± 0.05b 4.89	± 0.08b 10.23 56.27 33.41 89.68 5.83 0.08 0.16

10 9.45	± 0.04d 2.34	± 0.07b 0.70 ± 0.02c 0.52 ± 0.07c 0.29	± 0.04b 54.71 ±	0.03b 1.11 ± 0.22b 28.46 ±	0.09	c 4.19	± 0.08b 13.30 55.82 32.65 88.47 6.79 0.11 0.22

VOB-	7	(CNO	+ RBO +	SBO) 60:20:20 0 7.61 ± 0.05c 2.64 ± 0.07b 0.67 ± 0.05b Nd Nd 53.23	± 0.07b 0.71 ± 0.02a 30.83	± 0.05b 5.96	± 0.06c 10.92 53.94 36.79 90.73 5.17 0.08 0.17

1 7.63	±	0.03c 2.66 ± 0.04b 0.75 ± 0.06c Nd Nd 52.44 ± 0.06b 0.97	±	0.03a 30.16	±	0.09	c 5.90	±	0.09c 11.04 53.41 36.06 89.47 5.11 0.09 0.17

5 7.71 ± 0.06c 2.71 ± 0.08b 0.79	±	0.09c 0.51 ±	0.03c 0.51 ± 0.05d 51.93	± 0.07b 1.21 ± 0.07b 29.80	±	0.09c 5.78 ± 0.08c 12.23 53.14 35.58 88.72 5.15 0.09 0.18

10 10.12 ± 0.04d 2.89	± 0.08b 0.82 ± 0.07d 0.54 ± 0.04c 0.54 ± 0.07d 46.38	± 0.06a 1.23	± 0.08b 28.41 ± 0.06b 5.60 ± 0.08c 14.91 47.61 34.01 81.62 5.07 0.12 0.24

VOB-	8	(CNO	+ RBO +	CSO) 50:30:20 0 11.79	± 0.05e 2.11 ± 0.08b 0.63	± 0.02b Nd Nd 50.19	± 0.01b 0.92	± 0.02a 30.18	± 0.05b 4.91	± 0.06b 14.53 51.11 35.09 86.20 6.15 0.14 0.25

1 12.10 ± 0.04e 2.24 ± 0.06b 0.64 ± 0.05b Nd Nd 49.95	± 0.05a 0.96	± 0.04a 29.96	±	0.09c 4.85 ± 0.08b 14.98 50.91 34.81 85.72 6.18 0.14 0.26

5 12.20 ± 0.07e 2.25 ± 0.08b 0.74 ± 0.06c Nd Nd 49.96	± 0.06a 1.07 ± 0.02b 29.88	±	0.09c 4.25 ± 0.08b 15.19 51.03 34.13 85.16 7.03 0.14 0.27

10 12.24 ± 0.04e 2.37	± 0.08b 0.83	± 0.07d 0.73	± 0.07d Nd 49.50	± 0.04a 1.16 ±	0.19b 29.25	± 0.06b 4.01 ±	0.09b 16.17 50.66 33.26 83.92 7.29 0.15 0.28

VOB-	9	(CNO	+ RBO +	SFO) 50:30:20 0 7.84 ± 0.05c 1.57 ± 0.08a 0.76 ±	0.09c Nd Nd 54.46 ± 0.05b 0.76 ± 0.02a 28.34	±	0.09c 6.25 ± 0.08d 10.17 55.22 34.59 89.81 4.53 0.09 0.16

1 8.22 ± 0.04c 2.29	± 0.01b 0.76 ± 0.06c 0.61 ± 0.04d Nd 54.10 ± 0.05b 0.95	± 0.02a 29.64	± 0.05c 4.39	± 0.07b 11.88 55.05 34.03 89.08 6.75 0.09 0.19

5 8.46 ± 0.05c 2.35	± 0.07b 0.82 ± 0.07d 0.67 ± 0.07d 0.37	± 0.05c 53.33	± 0.05b 1.11 ± 0.22b 30.41	±	0.09c 3.41	±	0.09a 12.67 54.44 33.82 88.26 8.91 0.10 0.21

10 9.25	± 0.07d 2.33	± 0.08b 0.97	±	0.09e 0.73	±	0.09d 0.45 ± 0.05d 52.08 ± 0.04b 1.27 ±	0.03b 22.21 ± 0.06b 3.22	± 0.06a 13.73 53.35 25.43 78.78 6.89 0.12 0.24

VOB-	10	(CNO	+ RBO +	SBO) 50:30:20 0 8.01 ± 0.05c 2.28 ± 0.06b 0.58 ± 0.04b 0.81 ± 0.07e Nd 53.25	±	0.03b 0.81 ± 0.02a 29.29	±	0.03a 5.76 ± 0.08c 11.68 54.06 35.05 89.11 5.08 0.09 0.17

1 9.27	± 0.04d 2.36	± 0.07b 0.61 ± 0.02b 0.87 ±	0.09e Nd 51.02 ± 0.05b 0.87 ± 0.04a 29.76	±	0.09c 4.59	±	0.09b 13.11 51.89 34.35 86.24 6.48 0.11 0.21

5 9.41	± 0.05d 2.39	± 0.08b 0.67 ± 0.05b 0.90	± 0.07e 0.22 ± 0.04b 50.74 ± 0.05b 0.90	± 0.02a 29.66	±	0.09c 4.10 ± 0.08b 13.59 51.64 33.76 85.40 7.23 0.11 0.22

10 9.81	± 0.05d 2.45 ± 0.05b 0.76 ± 0.06c 0.98	±	0.09e 0.03	± 0.02a 50.08 ± 0.07b 0.98	±	0.09a 27.95	± 0.05b 3.62	± 0.07a 14.03 51.06 31.57 82.63 7.72 0.12 0.24

Note: Values	within	the	column	with	different	alphabets	are	significantly	different	(p	≤	.05).
Abbreviations:	AI,	atherogenic	index;	CNO,	canola	oil;	CSO,	cotton	seed	oil;	FC,	frying	cycle;	MUFAs,	monounsaturated	fatty	acids;	Nd,	not	detected;	 
PUFAs,	polyunsaturated	fatty	acids;	RBO,	rice	bran	oil;	SBO,	soybean	oil;	SFO,	sunflower	oil;	SFAs,	saturated	fatty	acids;	TI,	thrombogenic	index;	 
UFAs,	unsaturated	fatty	acids;	VOBs,	vegetable	oil	blends;	ω6/ω3,	linoleic/linolenic	acid	ratio.
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TA B L E  2   Effect of frying cycles on fatty acid composition of vegetable oil blends

VOBs Ratio FC C16:0 (Palmitic)
C18:0 
(Stearic)

C20:0 
(Arachidic) C22:0 (Behnic) C24:0 (Lignoceric) C18:1n9c (Oleic)

C20:1n11 
(Gadoleic)

C18:2n6c 
(Linoleic)

C18:3n3c 
(Linolenic) SFAs MUFAs PUFAs UFAs

ω6/ω3 
ratio AI TI

VOB-	1	(CNO	+ RBO) 80:20 0 5.06 ± 0.05a 1.90	± 0.08a 0.59	±	0.03b 0.30	±	0.03a Nd 60.92	± 0.04d 1.09	±	0.03b 23.20	± 0.06b 7.23	± 0.06e 7.85 62.01 30.43 92.44 3.21 0.05 0.11

1 6.52 ± 0.05b 1.90	± 0.07a 0.60 ± 0.02b 0.34	± 0.02a Nd 59.70	±	0.03c 1.14 ±	0.03b 22.83	±	0.09c 6.63	± 0.08d 9.36 60.84 29.46 90.30 3.44 0.07 0.14

5 6.63	± 0.06b 1.98	± 0.06a 0.73	± 0.06c 0.39	± 0.05b Nd 59.17	± 0.07c 1.25 ± 0.04b 22.49	±	0.09a 6.36	±	0.09d 9.73 60.42 28.85 89.27 3.54 0.07 0.14

10 6.75 ± 0.04b 1.99	± 0.08a 0.79	± 0.07c 0.44 ± 0.04b 0.19	± 0.02a 59.08	± 0.06c 1.38	± 0.02b 22.70 ± 0.05b 5.00 ± 0.07c 10.16 60.46 27.70 88.16 4.54 0.08 0.15

VOB-	2	(CNO	+	SFO) 80:20 0 4.21 ± 0.05a 1.02 ±	0.03a 0.48 ±	0.03a 0.31	± 0.02a Nd 61.28 ± 0.06d 1.03	± 0.08b 26.93	±	0.09c 6.22 ±	0.09d 6.02 62.31 33.15 95.46 4.33 0.04 0.08

1 4.45 ±	0.03a 2.03	± 0.08b 0.58 ± 0.02b 0.35	± 0.05a Nd 59.26	± 0.04c 1.15 ± 0.02b 26.68 ± 0.06b 5.18 ± 0.08c 7.41 60.41 31.86 92.27 5.15 0.05 0.11

5 4.66 ± 0.05a 2.08 ± 0.06b 0.62 ± 0.02b 0.44 ± 0.04b Nd 58.25 ±	0.03c 1.19	± 0.07b 26.27 ± 0.05b 4.88 ± 0.08b 7.80 59.44 31.15 90.59 5.38 0.05 0.12

10 4.72 ± 0.04a 2.10 ± 0.11b 0.65 ± 0.05b 0.47 ± 0.07b 0.18 ±	0.03a 58.01 ± 0.07c 1.25 ± 0.04b 24.93	±	0.09c 4.60 ± 0.07b 8.12 59.26 29.53 88.79 5.42 0.05 0.12

VOB-	3	(CNO	+	SBO) 80:20 0 4.54 ± 0.02a 2.20 ± 0.08b 0.55 ±	0.03b 0.29	± 0.02a Nd 57.44 ± 0.05c 1.07 ± 0.02b 28.89	±	0.096c 5.69	± 0.07c 7.58 58.51 34.58 93.09 5.08 0.05 0.11

1 5.48 ± 0.06a 2.36	± 0.06b 0.53	± 0.02b 0.35	± 0.05a Nd 56.11 ± 0.06c 1.08 ± 0.08b 28.21 ± 0.06 b 5.48 ± 0.08c 8.72 57.19 33.69 90.00 5.15 0.06 0.13

5 5.48 ±	0.03a 2.37	± 0.08b 0.63	± 0.05b 0.36	± 0.04a Nd 55.92	±	0.03c 1.26 ± 0.14b 27.45 ±	0.09c 5.30	±	0.09c 8.84 57.18 32.75 89.93 5.18 0.06 0.13

10 5.57 ± 0.07a 2.39	± 0.05b 0.70 ± 0.05c 0.44 ± 0.04b 0.30	± 0.01b 55.31	± 0.06c 1.32	±	0.03b 26.81 ± 0.05 b 5.10 ± 0.07c 9.40 56.63 31.91 88.54 5.26 0.06 0.14

VOB-	4	(CNO	+	CSO) 80:20 0 8.31	± 0.05c 2.34	± 0.07b 0.40 ±	0.03a 0.26 ± 0.05a Nd 50.47 ± 0.06b 0.79	± 0.02a 31.43	±	0.09	c 5.95	± 0.08c 11.31 51.26 37.38 88.64 5.28 0.09 0.18

1 9.14	± 0.05d 2.46 ± 0.08b 0.43	± 0.04a 0.31	±	0.03a Nd 49.85	±	0.09a 0.84 ± 0.04a 31.13	±	0.09c 4.72 ± 0.06b 12.34 50.69 35.85 86.54 6.59 0.11 0.21

5 9.54	± 0.05d 2.49	±	0.09b 0.55 ± 0.02b 0.34	± 0.04a Nd 49.59	± 0.02a 0.95	±	0.03a 30.37	± 0.05b 4.60 ± 0.07b 12.92 50.54 34.97 85.51 6.60 0.11 0.22

10 9.91	± 0.05d 2.47 ±	0.03b 0.61 ± 0.05b 0.38	± 0.05a 0.18 ±	0.03a 49.06	± 0.04a 1.01 ± 0.02b 30.34	± 0.06b 4.34	±	0.09b 13.55 50.07 34.68 84.75 6.99 0.12 0.23

VOB-	5	(CNO	+ RBO +	CSO) 60:20:20 0 8.29	± 0.04c 2.18 ± 0.06b 0.59	± 0.02b Nd Nd 51.69	± 0.05b 1.08 ± 0.08b 30.54	± 0.05b 6.01 ± 0.08d 11.06 52.77 36.55 89.32 5.08 0.09 0.17

1 9.80	± 0.06d 2.23	± 0.06b 0.67 ± 0.05b Nd Nd 50.58 ± 0.06b 1.06 ± 0.07b 28.65 ±	0.09c 5.00 ±	0.09c 12.70 51.64 33.65 85.29 5.73 0.11 0.22

5 10.64 ± 0.04d 2.35	±	0.03b 0.72 ± 0.07c 0.37	± 0.02a 0.17 ±	0.03a 50.50 ± 0.07b 1.00 ± 0.04b 28.36	±	0.09c 4.80 ± 0.07b 14.25 51.50 33.16 84.66 5.91 0.13 0.24

10 11.28 ± 0.05e 2.49	± 0.04b 0.76 ± 0.06c 0.38	± 0.05a 0.27 ± 0.04b 48.66 ± 0.55a 0.98	± 0.02a 28.31	±	0.09c 4.36	± 0.06b 15.18 49.64 32.67 82.31 6.49 0.14 0.26

VOB-	6	(CNO	+ RBO +	SFO) 60:20:20 0 6.39	± 0.07b 2.22 ±	0.09b 0.68 ± 0.05b Nd Nd 52.32	± 0.05b 0.71 ± 0.02a 29.75	± 0.06 b 5.16 ± 0.06c 9.29 53.03 34.91 87.94 5.76 0.07 0.15

1 6.41 ± 0.05b 2.27 ± 0.06b 0.67 ± 0.02b Nd Nd 56.21 ± 0.06c 0.93	± 0.07a 28.65 ±	0.09	c 5.02 ± 0.07c 9.35 57.14 33.67 90.81 5.70 0.07 0.15

5 6.74 ± 0.06b 2.30	±	0.09b 0.68 ± 0.05b 0.51 ±	0.03c Nd 55.2 ± 0.07c 1.07 ± 0.08b 28.52 ± 0.05b 4.89	± 0.08b 10.23 56.27 33.41 89.68 5.83 0.08 0.16

10 9.45	± 0.04d 2.34	± 0.07b 0.70 ± 0.02c 0.52 ± 0.07c 0.29	± 0.04b 54.71 ±	0.03b 1.11 ± 0.22b 28.46 ±	0.09	c 4.19	± 0.08b 13.30 55.82 32.65 88.47 6.79 0.11 0.22

VOB-	7	(CNO	+ RBO +	SBO) 60:20:20 0 7.61 ± 0.05c 2.64 ± 0.07b 0.67 ± 0.05b Nd Nd 53.23	± 0.07b 0.71 ± 0.02a 30.83	± 0.05b 5.96	± 0.06c 10.92 53.94 36.79 90.73 5.17 0.08 0.17

1 7.63	±	0.03c 2.66 ± 0.04b 0.75 ± 0.06c Nd Nd 52.44 ± 0.06b 0.97	±	0.03a 30.16	±	0.09	c 5.90	±	0.09c 11.04 53.41 36.06 89.47 5.11 0.09 0.17

5 7.71 ± 0.06c 2.71 ± 0.08b 0.79	±	0.09c 0.51 ±	0.03c 0.51 ± 0.05d 51.93	± 0.07b 1.21 ± 0.07b 29.80	±	0.09c 5.78 ± 0.08c 12.23 53.14 35.58 88.72 5.15 0.09 0.18

10 10.12 ± 0.04d 2.89	± 0.08b 0.82 ± 0.07d 0.54 ± 0.04c 0.54 ± 0.07d 46.38	± 0.06a 1.23	± 0.08b 28.41 ± 0.06b 5.60 ± 0.08c 14.91 47.61 34.01 81.62 5.07 0.12 0.24

VOB-	8	(CNO	+ RBO +	CSO) 50:30:20 0 11.79	± 0.05e 2.11 ± 0.08b 0.63	± 0.02b Nd Nd 50.19	± 0.01b 0.92	± 0.02a 30.18	± 0.05b 4.91	± 0.06b 14.53 51.11 35.09 86.20 6.15 0.14 0.25

1 12.10 ± 0.04e 2.24 ± 0.06b 0.64 ± 0.05b Nd Nd 49.95	± 0.05a 0.96	± 0.04a 29.96	±	0.09c 4.85 ± 0.08b 14.98 50.91 34.81 85.72 6.18 0.14 0.26

5 12.20 ± 0.07e 2.25 ± 0.08b 0.74 ± 0.06c Nd Nd 49.96	± 0.06a 1.07 ± 0.02b 29.88	±	0.09c 4.25 ± 0.08b 15.19 51.03 34.13 85.16 7.03 0.14 0.27

10 12.24 ± 0.04e 2.37	± 0.08b 0.83	± 0.07d 0.73	± 0.07d Nd 49.50	± 0.04a 1.16 ±	0.19b 29.25	± 0.06b 4.01 ±	0.09b 16.17 50.66 33.26 83.92 7.29 0.15 0.28

VOB-	9	(CNO	+ RBO +	SFO) 50:30:20 0 7.84 ± 0.05c 1.57 ± 0.08a 0.76 ±	0.09c Nd Nd 54.46 ± 0.05b 0.76 ± 0.02a 28.34	±	0.09c 6.25 ± 0.08d 10.17 55.22 34.59 89.81 4.53 0.09 0.16

1 8.22 ± 0.04c 2.29	± 0.01b 0.76 ± 0.06c 0.61 ± 0.04d Nd 54.10 ± 0.05b 0.95	± 0.02a 29.64	± 0.05c 4.39	± 0.07b 11.88 55.05 34.03 89.08 6.75 0.09 0.19

5 8.46 ± 0.05c 2.35	± 0.07b 0.82 ± 0.07d 0.67 ± 0.07d 0.37	± 0.05c 53.33	± 0.05b 1.11 ± 0.22b 30.41	±	0.09c 3.41	±	0.09a 12.67 54.44 33.82 88.26 8.91 0.10 0.21

10 9.25	± 0.07d 2.33	± 0.08b 0.97	±	0.09e 0.73	±	0.09d 0.45 ± 0.05d 52.08 ± 0.04b 1.27 ±	0.03b 22.21 ± 0.06b 3.22	± 0.06a 13.73 53.35 25.43 78.78 6.89 0.12 0.24

VOB-	10	(CNO	+ RBO +	SBO) 50:30:20 0 8.01 ± 0.05c 2.28 ± 0.06b 0.58 ± 0.04b 0.81 ± 0.07e Nd 53.25	±	0.03b 0.81 ± 0.02a 29.29	±	0.03a 5.76 ± 0.08c 11.68 54.06 35.05 89.11 5.08 0.09 0.17

1 9.27	± 0.04d 2.36	± 0.07b 0.61 ± 0.02b 0.87 ±	0.09e Nd 51.02 ± 0.05b 0.87 ± 0.04a 29.76	±	0.09c 4.59	±	0.09b 13.11 51.89 34.35 86.24 6.48 0.11 0.21

5 9.41	± 0.05d 2.39	± 0.08b 0.67 ± 0.05b 0.90	± 0.07e 0.22 ± 0.04b 50.74 ± 0.05b 0.90	± 0.02a 29.66	±	0.09c 4.10 ± 0.08b 13.59 51.64 33.76 85.40 7.23 0.11 0.22

10 9.81	± 0.05d 2.45 ± 0.05b 0.76 ± 0.06c 0.98	±	0.09e 0.03	± 0.02a 50.08 ± 0.07b 0.98	±	0.09a 27.95	± 0.05b 3.62	± 0.07a 14.03 51.06 31.57 82.63 7.72 0.12 0.24

Note: Values	within	the	column	with	different	alphabets	are	significantly	different	(p	≤	.05).
Abbreviations:	AI,	atherogenic	index;	CNO,	canola	oil;	CSO,	cotton	seed	oil;	FC,	frying	cycle;	MUFAs,	monounsaturated	fatty	acids;	Nd,	not	detected;	 
PUFAs,	polyunsaturated	fatty	acids;	RBO,	rice	bran	oil;	SBO,	soybean	oil;	SFO,	sunflower	oil;	SFAs,	saturated	fatty	acids;	TI,	thrombogenic	index;	 
UFAs,	unsaturated	fatty	acids;	VOBs,	vegetable	oil	blends;	ω6/ω3,	linoleic/linolenic	acid	ratio.
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(Kaur	 et	 al.,	 2020;	 Zribi	 et	 al.,	 2014).	 The	 p-	AV	 showed	 a	 higher	
significant (p	≤	.005)	variation	with	FCs	than	the	VOBs	(Table	S1).	
F	values	revealed	higher	significant	effect	of	FCs	on	p-	AV	than	the	
VOBs	 (p	≤	  .005,	Table	S1).	After	 first,	 fifth,	 and	 tenth	FCs,	p-	AV	
of	VOBs	ranged	from	0.45	to	3.11,	0.59	to	3.65,	and	2.26	to	4.47,	
respectively.	A	minor	change	in	p-	AV	(0.45	to	0.59)	with	an	incre-
ment	 from	 first	 to	 fifth	 FC	was	 observed	 in	 VOB-	4	while	 a	 sig-
nificant	change	 (1.78	 to	3.22)	was	noticed	 in	VOB-	8.	The	 lowest	
and	 highest	 p-	AV	 after	 the	 tenth	 FC	 was	 noted	 for	 VOB-	3	 and	
VOB-	9,	 respectively.	 The	 high	 p-	AV	 of	 VOB-	9	 (4.47)	 after	 tenth	
FC	 indicates	 extensive	 degradation	 of	 oxidized	 UFAs	 (Table	 2).	
The	previous	studies	had	correlated	the	production	of	nonvolatile	
aldehydes	 in	oils	during	 frying	process	with	 the	 level	of	UFAs	as	
they	are	more	liable	to	oxidative	degradation	(Multari	et	al.,	2019;	
Zribi	et	al.,	2014).	Liu	et	al.	 (2019)	also	observed	a	similar	change	
in	p-	AV	by	 increasing	frying	time	from	0	to	40	hr	 in	 two	vegeta-
ble	 oils	 (Palm	 oil	 and	 SFO).	 Similar	 increase	 in	 p-	AV	 of	 oils	with	
frying	process	was	reported	in	previous	studies	(Kaur	et	al.,	2020;	
Song	et	al.,	2017;	Zribi	et	al.,	2014).	However,	the	p-	AV	observed	
for	all	fresh	VOBs	and	after	FCs	was	less	than	the	recommended	
value	of	 10	 for	 oils	 (Kaur	 et	 al.,	 2020).	 The	p-	AV	exhibited	posi-
tive significant (p	 ≤	 .05)	 correlation	with	FCs	 (r =	 0.744)	 and	AV	
(r =	0.648),	while	highly	negative	significant	(p	≤	.005)	correlation	
with	UFAs	(r =	−0.589)	as	given	in	Table	3.	Similar	positive	correla-
tion	of	p-	AV	with	FCs	and	FFAs	of	vegetable	oils	was	reported	by	
Kaur	et	al.	(2020).

3.4 | Effect of FCs on OSI of VOBs

OSI	determines	the	relative	resistance	of	oil	to	oxidation	as	it	meas-
ures	lipid	oxidation	and	predict	the	shelf-	life	of	oils	(Suri	et	al.,	2019).	
The	OSI	of	VOBs	(fresh	and	after	first,	fifth,	and	tenth	FCs)	are	listed	
in	 Table	 1.	 OSI	 of	 fresh	 VOBs	 ranged	 between	 4.63	 and	 7.93	 hr,	
with	the	 lowest	and	highest	 in	VOB-	10	and	VOB-	7,	respectively.	 It	
depends	on	 the	antioxidant	 compounds	and	FAC	of	 the	oils	 (Kaur	
et	al.,	2019).	OSI	decreased	with	increment	in	FCs	indicating	the	for-
mation	of	lipid	oxidation	products	in	VOBs	during	intermittent	frying	
process.	OSI	exhibited	higher	significant	variation	with	FCs	than	the	
VOBs	 (p	≤	 .005,	Table	S1).	After	 first,	 fifth,	 and	 tenth	FCs,	OSI	of	
VOBs	ranged	from	4.31	to	7.84,	1.72	to	4.05,	and	1.14	to	3.55	hr,	
respectively.	 VOB-	7	 showed	 the	 highest	OSI	 after	 first,	 fifth,	 and	
tenth	FC	while	VOB-	4	exhibited	the	lowest	OSI	after	fifth	and	tenth	
FC.	Zribi	et	al.	(2014)	reported	significant	decrease	in	OSI	of	corn	oil,	
olive	oil,	SFO	and	SBO	following	five	deep-	frying	sessions.	Another	
study	reported	similar	change	in	OSI	of	SBO	with	the	prolongation	
of	frying	time	(Liu	et	al.,	2018).	A	similar	decrease	in	OSI	of	five	dif-
ferent	refined	vegetable	oils	was	reported	by	Kaur	et	al.	(2020)	with	
the	addition	of	FCs	during	intermittent	frying	process.	The	decrease	
in	OSI	with	the	addition	of	FCs	was	higher	 in	VOB-	4	and	 lower	 in	
VOB-	7	(Table	1)	and	this	might	be	due	to	the	difference	in	the	pro-
portion	 of	MUFAs	 of	 oils	 (Kaur	 et	 al.,	 2020;	 Zribi	 et	 al.,	 2014).	 A	
highly significant (p	≤	.005)	negative	correlation	of	OSI	with	FCs,	PV,	
AV	and	p-	AV	(r =	−0.797,	−0.736,	−0.529	and	−0.438,	respectively)	

TA B L E  3  Pearson	correlation	of	various	properties	of	vegetable	oil	blends	after	frying	cycles

FCs AV PV p- AV Viscosity OU SFAs MUFAs UFAs

AV 0.667**

PV 0.610** 0.342*

p-	AV 0.744** 0.648**

OSI −0.797** −0.529** −0.736** −0.438**

Viscosity 0.563** 0.689** 0.745**

OU 0.841** 0.517**

SFAs 0.391* 0.576** 0.522** 0.718** 0.409*

PUFAs -	0.423**

UFAs −0.579** −0.626** −0.589** −0.663	** −0.856**

ω6/ω3 0.679**

AI 0.504** 0.439** 0.976** −0.856** −0.819**

TI 0.593** 0.501** 0.989** −0.862** −0.859**

3009	cm−1 −0.659** −0.385* 0.526**

2955	cm−1 0.625** −0.316*

2925	cm−1 0.520** −0.315*

2854 cm−1 0.514**

1745 cm−1 0.424* 0.351* 0.307*

1650 cm−1 −0.543** −0.687** −0.458** −0.417*

Abbreviations:	AI,	atherogenic	index;	AV,	acid	value;	FC,	frying	cycle;	MUFAs	,	monounsaturated	fatty	acids;	OSI,	oxidative	stability	index,	OU,	oil	
uptake,	p-	AV,	p-	anisidine	value;	PUFAs,	polyunsaturated	fatty	acids;	PV,	peroxide	value;	SFAs,	saturated	fatty	acids;	TI,	thrombogenic	index;	UFAs,	
unsaturated fatty acids; ω6/ω3,	linoleic/linolenic	acid	ratio.
*p < .05; **p < .005.
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was	observed	 (Table	3).	The	previous	study	on	 intermittent	 frying	
also	 reported	similar	correlation	of	OSI	with	FCs,	p-	AV,	and	PV	of	
five	different	vegetable	oils	(Kaur	et	al.,	2020).

3.5 | Effect of FCs on viscosity of VOBs

The	viscosity	of	VOBs	(fresh	and	after	first,	fifth,	and	tenth	FCs)	is	
given	in	Table	1.	The	viscosity	of	fresh	VOBs	varied	from	55.02	to	
62.67	mPa	s,	with	lowest	and	highest	in	VOB-	3	and	VOB-	5,	respec-
tively.	The	viscosity	of	VOBs	 relates	with	 the	arrangement	of	FAs	
(saturation/unsaturation and chain length) on the glycerol molecule 
(Hashempour-	Baltork	 et	 al.,	 2016).	 The	 VOBs	 containing	 a	 higher	
amount	of	 long-	chain	SFAs	exhibited	higher	viscosities.	Similar	 re-
lation	 of	 FAs	with	 viscosity	was	 described	 in	 previous	 studies	 on	
fresh	vegetable	oils	(Kaur	et	al.,	2019,	2020).	The	viscosity	of	VOBs	
increased	with	 the	addition	of	FCs.	Viscosity	exhibited	higher	 sig-
nificant	variation	with	FCs	than	the	VOBs	(p	≤	.005,	Table	S1).	After	
first,	fifth,	and	tenth	FCs,	the	viscosity	of	VOBs	ranged	from	59.41	to	
64.95,	60.00	to	66.00,	and	60.31	to	70.27	mPa	s,	respectively.	The	
maximum	and	minimum	change	in	viscosity	from	fresh	to	tenth	FC	
was	observed	in	VOB-	10	(62.29	to	70.27	mPa	s)	and	VOB-	7	(60.29	
to	62.94	mPa	s),	respectively.	VOB-	4	and	VOB-	7	had	high	PUFA	con-
tents	and	they	exhibited	low	change	in	viscosity	with	an	increment	
in	FCs	(Tables	1	and	2).	The	VOBs	showing	slow	increase	in	viscosity	
with	FCs	are	the	stable	oil	blends	for	frying	process	(Hashempour-	
Baltork	et	al.,	2016).	The	changes	in	the	level	of	PUFAs,	SFAs,	and	
primary	 and	 secondary	 oxidation	 products	 contribute	 in	 changing	
the	 viscosity	 of	 frying	 oil	 (Hashempour-	Baltork	 et	 al.,	 2016;	 Kaur	
et	al.,	2020).	The	study	conducted	by	Ramadan	et	al.	(2006)	on	two	
VOBs	(SFO	+	palm	olein	and	CSO	+ palm olein) reported increase in 
viscosity	during	intermittent	frying	for	two	consecutive	days.	Similar	
change	 in	viscosity	of	 five	vegetable	oils	with	 the	addition	of	FCs	
was	reported	by	Kaur	et	al.	(2020).	Viscosity	exhibited	highly	posi-
tive significant (p	≤	.005)	correlation	with	SFAs	(r =	0.718)	and	FCs	
(r =	0.563)	while	negative	correlation	with	UFAs	(r =	−0.633)	as	given	
in	Table	3.	Moreover,	a	highly	significant	(p	≤	.005)	positive	correla-
tion	of	viscosity	with	p-	AV	and	AV	(r =	0.745	and	0.689,	respectively)	
was also observed.

3.6 | Effect of FCs on oil uptake

The	low	oil	uptake	(OU)	in	fried	food	is	preferred	by	consumers	for	
good	health	(Waghmare	et	al.,	2018).	During	frying	of	the	chickpea	
splits	 in	VOBs,	 the	OU	significantly	 increased	with	the	addition	of	
FCs.	The	OU	during	first,	fifth,	and	tenth	FCs	ranged	from	5.0%	to	
17.0%,	9.0%	to	23.2%,	and	13.7%	to	32.0%,	respectively	 (Table	1).	
The	lowest	OU	was	observed	in	VOB-	7	and	VOB-	3	during	first	and	
fifth	 FC,	 respectively.	 While	 among	 all	 of	 the	 VOBs,	 the	 lowest	
change	in	OU	from	first	to	tenth	FC	was	observed	in	VOB-	3	(6.0%	
to	13.70%).	 The	highest	OU	during	 first,	 fifth,	 and	 tenth	FCs	was	
observed	 in	 VOB-	8.	 F	 values	 revealed	 that	 VOBs	 showed	 higher	

significant	effect	on	OU	than	the	FCs	 (p	≤	 .005,	Table	S1).	The	 in-
crease	in	OU	might	be	related	to	the	changes	in	viscosity	and	FAC	of	
VOBs	with	increment	in	FCs.	Due	to	high	viscosity	more	oil	accumu-
lates on the surface of the fried food and penetrate during cooling 
process	 (Dana	&	Saguy,	2006;	Debnath	et	al.,	2012).	The	previous	
studies	on	intermittent	frying	using	RBO	(Debnath	et	al.,	2012)	and	
five	different	vegetable	oils	 (Kaur	et	al.,	2020)	reported	significant	
increase	 in	OU	with	 the	 addition	of	 FCs.	As	 given	 in	Table	3,	OU	
showed highly positive significant (p	 ≤	 .005)	 correlation	with	 FCs	
and viscosity (r =	0.841	and	0.517,	respectively),	positive	significant	
(p	≤	  .05)	correlation	with	SFAs	(r =	0.409),	and	highly	negative	sig-
nificant (p	≤	 .005)	correlation	with	PUFAs	(r =	−0.423).	Similar	corre-
lation	of	OU	with	viscosity,	FCs,	and	PUFAs	was	reported	using	five	
different	refined	vegetable	oils	(Kaur	et	al.,	2020).

3.7 | Effect of FCs on FAC of VOBs

The	FAs	profile	of	VOBs	(fresh	and	after	first,	fifth	and	tenth	FCs)	
is	 given	 in	 Table	 2.	 The	 main	 FAs	 detected	 in	 fresh	 VOBs	 were	
oleic	(50.19%–	61.28%),	linoleic	(23.20%–	31.43%),	linolenic	(4.91%–	
7.23%),	 palmitic	 (4.21%–	11.79%),	 and	 stearic	 (1.02%–	2.64%)	 acids.	
The	FAs	detected	in	trace	amounts	in	fresh	VOBs	include	gadoleic	
(0.71%–	1.09%)	and	arachidic	(0.40%–	0.76%)	acids.	Behenic	(0.26%–	
0.81%)	acid	was	detected	in	four	fresh	blends	of	two	oils	(VOB-	1	to	
VOB-	4)	and	in	VOB-	10	while	lignoceric	acid	(C24:0)	was	not	detected	
in	 all	 fresh	VOBs.	 In	 fresh	VOBs,	 the	 sum	of	MUFAs,	PUFAs,	 and	
SFAs	accounted	for	51.11%–	62.31%,	30.43%–	37.38%,	and	6.02%–	
14.53%,	 respectively.	 The	 highest	 total	MUFAs,	 PUFAs,	 and	 SFAs	
contents	were	observed	in	VOB-	2,	VOB-	4,	and	VOB-	8,	respectively.	
The	predominant	MUFAs,	PUFAs,	and	SFAs	in	VOBs	were	oleic,	li-
noleic,	and	palmitic	acids,	respectively.	The	major	differences	in	the	
content	of	FAs	of	VOBs	were	related	with	the	variation	in	the	levels	
of	oleic,	 linoleic	 (ω-	3),	 and	 linolenic	 (ω-	6)	acids.	VOB-	4	and	VOB-	1	
had the highest proportion of ω-	3	 and	ω-	6	 FAs,	 respectively.	 The	
ω-	3	and	ω-	6	FAs	are	essential	that	must	be	provided	in	the	diet	for	
human	health	and	well-	being	(Kaur	et	al.,	2019;	Saini	&	Keum,	2018).	
Most	of	the	fresh	VOBs	(VOB-	3	to	VOB-	8	and	VOB-	10)	had	a	ω6/
ω3	 ratio	 within	 the	 acceptable	 limits	 of	 5–	10:1	 recommended	 by	
FAO/WHO	(2009).	The	other	fresh	VOBs	(VOB-	1,	VOB-	2,	and	VOB-	
9)	had	a	ratio	of	ω6/ω3	less	than	the	lower	limit	(Table	2).	Blending	
of vegetable oils is considered as an efficient method to get a bal-
anced	FAC	and	desired	ω6/ω3	ratio	in	oil	mixtures	for	health	benefits	
(Hashempour-	Baltork	et	al.,	2016).

Changes	 in	 the	 FAC	 of	 VOBs	 were	 noticed	 with	 the	 addition	
of	FCs	during	 the	deep-	frying	process.	A	 slight	 increment	 in	SFAs	
and	decline	in	MUFAs	and	PUFAs	were	observed	in	VOBs	following	
increment	 in	 FCs.	 Similar	 results	 were	 reported	 in	 previous	 stud-
ies	on	frying	in	refined	vegetable	oils	(Kaur	et	al.,	2020)	and	VOBs	
(Ramadan	et	al.,	2006).	The	level	of	palmitic,	stearic,	arachidic,	and	
behenic	acids	was	slightly	increased,	while	the	level	of	oleic,	linoleic,	
and	linolenic	acids	was	decreased	from	first	to	tenth	FCs.	Ramadan	
et	al.	(2006)	also	observed	similar	changes	in	FAs	during	frying	in	two	
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different	VOBs	for	2	consecutive	days.	However,	a	slight	increase	in	
oleic	acid	 level	was	observed	in	VOB-	6	after	first	FC,	which	might	
be	due	 to	 the	breakdown	of	PUFAs	 into	oleic	acid	during	 the	 fry-
ing	process.	Aniołowska	and	Kita	 (2016)	 also	 reported	 increase	 in	
the level of oleic acid during frying of potato chips in palm oil after 
first	FC.	The	changes	in	FAC	during	the	frying	process	might	be	due	
to	 the	 degradation	 of	 FAs	 containing	 two	 or	 three	 bonds	 as	 they	
are	 more	 prone	 to	 thermal	 and	 oxidative	 degradation	 (Debnath	
et	al.,	2012;	Kaur	et	al.,	2020).	VOB-	5	and	VOB-	9	exhibited	higher	
changes	 in	 the	 level	 of	 total	 SFAs	 and	UFAs,	 respectively	with	 an	
increment	in	FCs	(Table	2).	While	VOB-	7,	VOB-	8,	and	VOB-	6	showed	
the	 lowest	change	from	zero	to	tenth	FC	in	ω6/ω3	ratio,	SFAs	and	
UFAs	 contents,	 respectively.	 The	 decrease	 in	 the	 level	 of	 UFAs	
during	frying	process	correlates	with	the	 increase	 in	SFAs	content	
in	VOBs.	Similar	results	were	reported	in	studies	on	frying	in	differ-
ent	oils	(Debnath	et	al.,	2012;	Kaur	et	al.,	2020;	Multari	et	al.,	2019;	
Ramadan	 et	 al.,	 2006;	 Zribi	 et	 al.,	 2014).	 PUFAs	 and	UFAs	 varied	
significantly	with	FCs,	while	SFAs,	MUFAs	and	ω6/ω3	 ratio	varied	
significantly	among	VOBs	(p <.005,	Table	S1).	The	SFAs	showed	pos-
itive significant (p	≤	.05)	correlation	with	FCs	(r =	0.391)	and	highly	
positive significant correlation (p	≤	.005)	with	viscosity,	ω6/ω3	ratio,	
AV,	 and	p-	AV	 (r =	0.718,	0.679,	0.576,	 and	0.522,	 respectively)	 as	
given	in	Table	3.	While	a	highly	significant	 (p	≤	 .005)	negative	cor-
relation	of	UFAs	with	FCs,	p-	AV,	AV,	viscosity,	and	SFAs	(r =	−0.579,	
−0.589,	−0.626,	−0.663	and	−0.856,	respectively,	p	≤	.005)	was	ob-
served	(Table	3).	Similar	negative	correlation	of	UFAs	with	FCs,	FFA,	

viscosity,	and	p-	AV	of	five	different	vegetable	oils	was	reported	in	
previous	study	on	intermittent	frying	(Kaur	et	al.,	2020).

3.8 | Effect of FCs on TI and AI of VOBs

The	TI	 and	AI	of	VOBs	 (fresh	and	after	 first,	 fifth,	 and	 tenth	FCs)	
are	listed	in	Table	1.	The	TI	and	AI	are	two	dietary	lipid	indices	con-
sidered	to	realize	the	effect	of	SFAs	and	UFAs	in	the	occurrence	of	
cardiovascular	problems	(Kaur	et	al.,	2020;	Pereira	et	al.,	2019).	The	
SFAs	with	a	chain	length	of	C12-	C16	are	considered	as	atherogenic	
as	they	play	a	major	role	in	raising	blood	cholesterol	level,	whereas	
SFAs	with	a	chain	length	of	C14-	C18	are	thrombogenic	due	to	their	
role	in	clot	formation	and	clogging	of	blood	vessels.	While	UFAs	con-
tribute	to	minimizing	the	thrombogenicity	and	atherogenicity	of	oils	
(Kaur	et	al.,	2020;	Mohanty	et	al.,	2012;	Pereira	et	al.,	2019).	AI	and	
TI	of	fresh	VOBs	ranged	between	0.04	and	0.14	and	0.08	and	0.25,	
respectively.	The	lowest	AI	and	TI	were	observed	for	fresh	VOB-	2	
and	the	highest	for	VOB-	8.	The	VOBs	rich	in	UFAs	(VOB-	1,	VOB-	2,	
and	VOB-	3)	exhibited	low	TI	and	AI	compared	with	other	VOBs.	A	
slight	increase	in	TI	and	AI	of	VOBs	was	observed	with	an	increment	
in	FCs.	After	first,	fifth,	and	tenth	FCs,	the	minimum	and	the	maxi-
mum	values	of	 two	 indices	were	observed	 for	VOB-	2	and	VOB-	8,	
respectively.	VOB-	5	showed	the	maximum	change	in	values	for	both	
indices	with	an	 increment	 from	 first	 to	 tenth	FC.	TI	and	AI	exhib-
ited	higher	significant	effect	among	VOBs	than	the	FCs	 (p	≤	 .005,	

Variable PC1 PC2 PC3 PC4 PC5

FCs −0.273 −0.250 0.105 −0.072 −0.036

AV −0.288 −0.085 −0.010 −0.106 0.025

PV −0.117 −0.320 0.488 0.270 0.068

P-	AV −0.267 −0.106 −0.335 −0.155 −0.102

OSI −0.442 0.270 −0.292 −0.277 −0.168

VISCOSITY −0.286 0.052 −0.332 −0.122 −0.081

OU −0.274 −0.214 0.024 −0.216 0.115

SFAs −0.285 0.273 −0.010 0.014 0.013

MUFAs 0.217 −0.353 −0.201 −0.138 −0.071

PUFAs 0.059 0.408 0.278 0.226 0.118

UFAs 0.302 −0.125 −0.038 0.000 0.001

ω6/ω3 −0.246 0.152 0.043 0.275 −0.193

AI −0.262 0.310 −0.004 −0.026 −0.029

TI −0.286 0.273 0.016 0.015 −0.058

3,009 0.246 0.161 0.218 −0.133 −0.255

1745 −0.119 −0.091 0.455 −0.461 −0.588

1,650 0.212 0.221 0.033 −0.032 −0.125

1,417 0.041 0.193 0.257 −0.609 0.598

Note: PC1-	PC5	are	the	first-	five	principal	components.
Abbreviations:	AI,	atherogenic	index;	AV,	acid	value;	FCs,	frying	cycles;	MUFAs,	monounsaturated	
fatty	acids;	OSI,	oxidative	stability	index;	p-	AV,	p-	anisidine	value;	PV,	peroxide	value;	PUFAs,	
polyunsaturated	fatty	acids;	SFAs,	saturated	fatty	acids;	TI,	thrombogenic	index;	UFAs,	
unsaturated fatty acids; ω6/ ω3,	Linoleic/linolenic	acid	ratio.

TA B L E  4  Principal	components	for	
illustrating	the	interpretation	in	Figure	2
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Table	S1).	The	increase	in	TI	and	AI	correspond	with	the	changes	in	
SFAs	and	UFAs	contents	of	VOBs	during	 the	deep-	frying	process.	
Similar	 changes	 in	 TI	 and	 AI	 were	 reported	 by	 Kaur	 et	 al.	 (2020)	
while	deep-	frying	in	five	different	vegetable	oils.	A	highly	significant	
(p	≤	.005)	positive	correlation	of	AI	and	TI	with	SFAs	(r =	0.976	and	
0.989,	respectively),	AV	(r =	0.504	and	0.593,	respectively),	and	p-	AV	
(r =	0.439	and	0.501,	respectively)	was	observed	(Table	4).	While	a	
highly significant (p	 ≤	 .005)	negative	correlation	of	AI	 and	TI	with	
MUFAs	(r =	−0.856	and	−0.862,	respectively)	and	UFAs	(r =	−0.819	
and	 −0.859,	 respectively)	 was	 observed	 (Table	 4).	 AI	 and	 TI	 was	
positively	correlated	with	FFA	and	negatively	correlated	with	PUFAs	
during	intermittent	frying	in	five	vegetable	oils	as	reported	by	Kaur	
et al. (2020).

3.9 | Effect of FCs on FTIR spectra of VOBs

The	FTIR	spectra	of	fresh	VOBs	and	after	first,	fifth,	and	tenth	FC	
are	given	in	Figure	1(a–	j).	The	two	major	spectral	informative	regions	
(2,800–	3,100	and	700–	1,800	cm−1)	display	 characteristic	peaks	at	
specific wavenumber (cm−1) that can be assigned to specific func-
tional	groups	of	FAs	(Kaur	et	al.,	2020;	Suri	et	al.,	2022).	The	peaks	

observed	 at	 3,009,	 2,955,	 2,925,	 and	2,854	 cm−1 of first informa-
tive	region	and	peaks	at	1,745,	1,650,	1,417,	1,377,	1,238,	1,157,	and	
725 cm−1	of	second	informative	region	are	shown	in	FTIR	spectra	of	
oils.	The	effect	of	FCs	on	the	quality	of	VOBs	was	evaluated	using	
FTIR	spectra.	The	fresh	VOBs	and	those	collected	after	 first,	 fifth	
and	tenth	FC	showed	identical	signal	patterns	attributed	to	the	func-
tional	groups	of	 triglycerides.	However,	 the	 intensities	of	peaks	at	
3,009,	2,925,	1,745,	1,650,	1,417,	1,157,	and	968	cm−1showed minor 
variations	 with	 increment	 in	 FCs.	 The	 small	 peak	 at	 3,009	 cm−1 
(stretching	symmetric	vibration	of	 the	cis-	olefinic	groups	of	UFAs)	
was	observed	in	all	fresh	VOBs	with	the	highest	intensity	in	VOB-	1	
and	VOB-	2.	The	intensity	of	peak	at	3,009	cm−1 showed minor vari-
ation	in	VOBs	after	first	FC	while	after	fifth	and	tenth	FC,	a	gradual	
decrease	was	observed.	VOB-	2	and	VOB-	3	showed	the	least	change	
while	VOB-	9	showed	a	maximum	decline	in	peak	intensity	after	the	
tenth	FC.	The	changes	observed	in	intensity	of	peak	at	3,009	cm−1 
relates	with	the	disappearance	of	cis-	olefinic	groups	present	in	UFAs	
of	oil	(Suri	et	al.,	2020).	As	shown	in	the	FAC	of	VOBs	(Table	2),	the	
maximum	decline	in	the	level	of	total	UFAs	from	first	to	tenth	FC	was	
also	observed	in	VOB-	9	(89.81	to	78.78%).	The	peak	at	3,009	cm−1 
exhibited	highly	significant	(p	≤	.005)	positive	correlation	with	UFAs	
(r =	0.526)	and	negative	correlation	with	FCs	(r =	−0.659)	as	given	in	

F I G U R E  1  FTIR	spectra	of	fresh	vegetable	oil	blends	and	after	first,	fifth	and	tenth	FCs	(a)	VOB-	1,	(b)	VOB-	2,	(c).	VOB-	3,	(d)	VOB-	4,	(e)	
VOB-	5,	(f)	VOB-	6,	(g)	VOB-	7,	(h)	VOB-	8,	(i)	VOB-	9	and	(j)	VOB-	10
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Table	3.	A	significant	(p	≤	.05)	negative	correlation	of	this	peak	with	
SFAs	(r =	−0.385)	was	also	observed.	The	previous	study	had	related	
variation	in	intensity	of	this	peak	with	changes	in	the	level	of	UFAs	in	
five	vegetable	oils	during	intermittent	FCs	(Kaur	et	al.,	2020).

The	peaks	detected	at	2,955,	2,925,	and	2,854	cm−1 represent-
ing	 CH	 stretching	 vibration	 of	 aliphatic	 CH3	 and	 CH2	 groups	 ex-
hibited	 slight	 increase	 in	 intensities	with	 the	addition	of	FCs	 in	all	
VOBs	(Figure	1).	These	three	peaks	have	been	correlated	with	the	
SFAs	content	in	oils	(Kaur	et	al.,	2020;	Suri	et	al.,	2020).	The	mini-
mal	change	in	intensities	of	these	three	peaks	was	noted	in	VOB-	3	
and	VOB-	8,	while	the	maximal	change	was	observed	in	VOB-	5	and	
VOB-	9	after	the	tenth	FC.	The	level	of	total	SFAs	also	showed	the	
least	 change	 in	 VOB-	3	 (7.58%	 to	 9.40%)	 and	 VOB-	8	 (14.53%	 to	
16.17%)	from	fresh	to	tenth	FC	(Table	2).	These	three	peaks	(2,955,	
2,925,	and	2,854	cm−1) showed highly positive significant (p	≤.005)	
correlation	with	FCs	(r =	0.625,	0.520,	0.514,	respectively)	as	given	
in	Table	3.	Moreover,	the	peak	at	2,955	and	2,925	cm−1	also	exhibited	
significant (p	≤	.05)	negative	correlation	with	UFAs	(r =	−0.316	and	
−0.315,	respectively).	The	variation	in	intensities	of	peaks	in	the	re-
gion	of	2,800–	3,100	cm−1	relates	with	increment	in	SFAs	and	decline	
in	UFAs	in	oils	with	an	increment	in	FCs	(Kaur	et	al.,	2020).

The	sharp	peaks	 recorded	at	1,745	and	1,157	cm−1 (related to 
stretching	vibrations	of	C	=	O	and	C–	O	ester	groups,	respectively)	

in	VOBs	showed	minor	variation	with	the	addition	of	FCs.	VOB-	3	
showed	 minimal	 change	 in	 intensities	 of	 peaks	 at	 1,745	 and	
1,157	 cm−1	 after	 first,	 fifth,	 and	 tenth	 FC.	 VOB-	1,	 VOB-	7,	 and	
VOB-	9	 showed	 the	 maximal	 change	 in	 peak	 intensities	 at	 1,745	
and	1,157	cm−1	after	the	tenth	FC	(Figure	1).	The	decomposition	of	
hydroperoxides	 into	 secondary	products	was	also	higher	 in	 these	
VOBs	after	the	tenth	FC	as	indicated	by	higher	p-	AV	(Table	1).	The	
intensity	of	peak	at	1,745	cm−1 correlates with the development of 
secondary	oxidation	products	following	the	deep-	frying	process	in	
oils	(Kaur	et	al.,	2020;	Srivastava	&	Semwal,	2015).	A	positive	sig-
nificant (p	 ≤	 .05)	 correlation	of	 peak	 at	 1,745	 cm−1	with	 FCs,	AV,	
and	PV	(r =	0.424,	0.351,	0.307,	respectively,	p	≤	.05)	was	observed	
(Table	3).

The	small	peaks	observed	at	1,650	and	1,417	cm−1 (represents 
C	=	C	stretching	of	cis-	olefins	and	bending	vibrations	of	CH	bonds	
of cis-	disubstituted	olefins,	respectively)	showed	a	slight	decline	in	
intensities	after	fifth	and	tenth	FCs	in	all	VOBs.	While	small	peak	ob-
served	at	968	cm−1 (represents trans-	HC=CH−out	of	plane	bending	
vibrations)	showed	minor	variation	in	intensity	after	first,	fifth,	and	
tenth	FC	in	all	VOBs.	VOB-	2	and	VOB-	9	showed	minimal	change	in	
intensity	of	peak	at	968	cm−1	with	increment	in	FCs.	The	observed	
changes	in	intensities	of	small	peaks	at	1,650	and	968	cm−1 reflect 
the	isomerization	of	cis	FAs	to	trans	FAs	at	the	time	of	deep-	frying	

F I G U R E  1   (Continued)
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process	 (Siddique	et	al.,	2015).	The	peaks	observed	at	1,377	cm−1 
(bending	vibration	of	CH2	groups),	1,238	cm

−1 (stretching vibration 
of	C–	O	ester	groups),	and	725	cm−1	(overlapping	of	CH2 bending vi-
bration	and	out-	of-	plane	vibration	of	cis-	disubstituted	olefins)	also	
showed	 minor	 changes	 in	 intensities	 with	 the	 addition	 of	 FCs	 in	
comparison	with	fresh	VOBs.	All	the	peaks	in	FTIR	spectra	were	ob-
served	at	designated	wavenumbers	after	first,	fifth,	and	tenth	FCs.	
A	small	peak	at	1,650	cm−1 showed highly significant (p	≤	.005)	neg-
ative	correlation	with	FCs,	AV,	PV	(r =	−0.543,	−0.687,	and	−0.458,	
respectively).	A	significant	(p	≤	.05)	negative	correlation	of	peak	at	
1,650	cm−1	with	p-	AV	(r =	−0.417)	was	also	observed	(Table	3).	The	
differences	in	peak	intensities	relates	with	the	changes	in	the	level	of	
FAs	and	development	of	oxidative	products	during	frying	in	VOBs.	
Similar	changes	in	FAC	and	oxidation	in	frying	oils	and	their	correla-
tion	with	intensities	of	peaks	were	described	in	other	studies	(Kaur	
et	al.,	2020;	Srivastava	&	Semwal,	2015;	Talpur	et	al.,	2014).

3.10 | Principal component analysis (PCA)

To	 correlate	 VOBs	 (fresh	 and	 after	 FCs)	 on	 the	 basis	 of	 chemical	
properties,	FAC,	OU,	viscosity,	OSI	and	FTIR	spectra	and	to	establish	
relation	among	various	quality	and	stability	characteristics	of	VOBs,	
PCA	was	carried	out	(Figure	2	and	Table	4).	The	first	five	principal	
components	(PC)	(Eigen	value	>1 considered) were found to account 
for	86%	variability	in	the	data	set.	The	PC1,	PC2,	PC3,	PC4,	and	PC5	
individually	 accounted	 for	 44%,	 20%,	 10%,	 7%,	 and	 5%	 variabil-
ity,	 respectively.	The	variables	that	primarily	attributed	to	building	
PC1	were	OSI	(−0.442),	AV	(−0.288),	TI	(−0.286),	OU	(−0.274),	SFAs	

F I G U R E  2  Principal	component	analysis:	(a)	score	plot	and	(b)	loading	plot	describing	and	comparing	the	relationship	among	different	
parameters	of	fresh	vegetable	oil	blends	and	after	first,	fifth	and	tenth	frying	cycles	(Where	AI,	atherogenic	index;	AV,	acid	value;	B1	to	B10:	
VOB-	1-	VOB-	10;	FCs,	frying	cycle;	MUFAs,	monounsaturated	fatty	acids;	OSI,	oxidative	stability	index;	OU,	oil	uptake;	p-	AV,	p-	anisidine	
value;	PUFAs,	polyunsaturated	fatty	acids;	PV,	peroxide	value;	SFAs,	saturated	fatty	acids;	TI,	thrombogenic	index;	UFAs,	unsaturated	fatty	
acids; ω6/ω3,	linoleic/linolenic	acid	ratio)

F I G U R E  1   (Continued)



14 of 16  |     KAUR et Al.

(−0.285),	UFAs	 (0.302),	 and	FTIR	peak	 at	 3,009	 cm−1	 (0.246).	 The	
variability	of	PC2	was	 largely	 contributed	by	PV	 (−0.320),	MUFAs	
(−0.353),	PUFAs	(0.408),	AI	(0.310)	and	peak	at	1,650	cm−1 (0.221). 
The	two-	dimensional	score	plot	 (Figure	2a)	between	PC1	and	PC2	
clearly	depicts	the	impact	of	FCs	on	quality	and	stability	character-
istics	of	VOBs.	A	gradual	shift	 in	the	arrangement	of	VOBs	can	be	
seen	 in	 the	score	plot	 from	zero	 to	 tenth	FC	with	 the	progression	
of	PC1	from	positive	to	negative.	The	shift	 in	the	alignment	of	the	
colored	ligands	(zero,	first,	fifth,	and	tenth	FCs)	of	VOBs	in	the	score	
plot	indicates	that	chemical	properties	(AV,	PV	and	p-	AV),	OU,	SFAs,	
ω6/ω3	ratio,	AI	and	TI	of	VOBs	 increased	while	OSI	and	UFAs	de-
creased	with	the	addition	of	FCs.	The	higher	change	in	viscosity,	OU,	
and	OSI	was	observed	in	VOB-	10,	VOB-	8,	and	VOB-	9,	respectively,	
with	an	increment	in	FCs.	Further,	VOB-	9	and	VOB-	10	also	exhibited	
maximum	change	in	p-	AV	after	fifth	and	tenth	FC.	As	indicated	by	
the	alignment	of	colored	ligands,	the	changes	in	chemical	properties,	
FAC,	and	OSI	were	lower	in	VOB-	3	and	VOB-	7	compared	with	other	
VOBs.	In	a	loading	plot	between	PC1	and	PC2	(Figure	2b),	SFAs,	AI,	
TI,	ω6/ω3	ratio,	and	viscosity	were	positioned	close	to	one	another,	
indicating	a	close	positive	correlation	between	them.	Further,	OU,	
p-	AV,	 and	AV	were	 in	 close	 relation	with	 FCs,	while	 the	 opposite	
relation	of	viscosity	with	UFAs	and	OSI	with	FCs	was	observed.	The	
FTIR	peaks	 at	 3,009	 and	1,650	 cm−1	 related	positively	with	UFAs	
and	negatively	with	viscosity	and	FCs.	While,	 the	another	peak	at	
1,745	cm−1	related	with	secondary	oxidative	products	(formation	of	
carbonyl	compounds)	exhibited	opposite	relation	with	OSI	and	close	
relation	with	p-	AV	and	FCs.

4  | CONCLUSION

The	ten	 freshly	prepared	VOBs	 (from	five	different	vegetable	oils)	
showed	significant	difference	 in	OSI,	FAC,	and	ω6/ω3	ratio,	AI,	TI,	
and	chemical	properties.	The	deep-	frying	of	chickpea	splits	 for	10	
discontinuous	FCs	exhibited	changes	 in	 chemical	properties,	qual-
ity,	and	stability	characteristics	of	VOBs.	Among	all	blends,	VOB-	3	
exhibited	lower	AV,	p-	AV,	AI,	TI,	and	the	favorable	ω6/ω3	ratio	while	
VOB-	7	showed	higher	OSI,	 lower	PV,	and	viscosity	compared	with	
other	VOBs.	VOB-	5	and	VOB-	9	exhibited	a	higher	change	 in	FAC,	
ω6:ω3	ratio,	AI,	TI,	and	FTIR	spectra	(peaks	at	3,009,	2,925,	2,854,	
and	1,745	cm−1)	while	minor	variations	were	observed	in	VOB-	3	and	
VOB-	7.	Based	on	the	results,	our	study	concludes	that	VOB-	3	and	
VOB-	7	were	least	susceptible	to	quality	degradation	during	intermit-
tent	frying	of	chickpea	splits.
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