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Summary
There	are	enormous	benefits	to	olive	cultivation	in	China.	However,	 
little research has been conducted into the characteristics of the  
morphology and oil quality of introduced olive cultivars in southwest 
China.	This	 study	 investigates	 the	morphological	 and	biochemical	
characteristics of seven introduced olive cultivars and one indige-
nous	cultivar	grown	 in	 the	county	of	 Jintang	 in	Sichuan	Province.	
The results reveal that all cultivars have adapted to their new envi-
ronment	and	exhibit	unique	characteristics.	The	Coratina,	Koroneiki	
and Grossanne varieties have all proved to be excellent oil cultivars, 
with	a	fresh	oil	content	of	20.42%,	18.58%	and	16.46%,	respectively.	
The free acidity and peroxide values of these olive oils are within the 
range of the extra virgin olive oil category, while the extracted oils are 
rich	in	unsaturated	fatty	acids,	α-tocopherol,	squalene,	stigmasterol,	
β-sitosterol	and	phenolic	compounds.	Moreover,	the	olive	cultivated	
in southwest China possesses a higher content of moisture, oleic acid 
and	unsaturated	fatty	acids	compared	with	the	Mediterranean	region.	
Therefore, the region around Jintang, a new environment, is shown 
to have tremendous potential for the cultivation and development of 
olives	in	the	future.	In	addition,	these	results	can	provide	theoretical	
guidance	for	olive	planting	and	cultivar	selection	in	southwest	China.
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Introduction
The olive tree (olea europeae	L.)	is	a	medium-sized	evergreen	tree	
and an important oil crop species, and planted originally in the Me- 
diterranean	region.	 (GHANBARI	et	al.,	2012).	Due	 to	 the	nutritional	 
benefits	of	olive	oil	and	its	great	commercial	value,	the	olive	has	been	
widely introduced elsewhere, such as the United States, Australia, 
South Africa and China, among others (LAARIBI	et	al.,	2017).
Since	1956,	when	 they	were	 introduced	 to	China,	 olive	 trees	 have	
been	regarded	as	an	important	woody	oil	plant.	The	first	large-scale	
plantation	of	olive	trees	began	in	1964.	At	present,	the	olive	trees	are	
mostly	 distributed	 in	Yunnan,	Gansu,	 Sichuan,	Chongqing,	Hubei,	
Jiangsu	and	Shaanxi	provinces	(RAO	et	al.,	2019).	After	several	de-
cades of cultivation and domestication, plenty of introduced olives 
have adapted to the local environment, and then some new cultivars 
have	been	bred.	 In	China,	 the	planting	 regions	of	olive	 trees	were	
increased	to	800	km2 in	2018,	and	the	total	areas	are	expected	to	be	
1,670	km2	by	the	end	of	2020	(DENG,	2018).
Morphological	characteristics,	including	aspects	of	the	leaf,	inflores-
cence, fruit and endocarp have been extensively used to describe and 
identify	olive	cultivars.	Noting	these	is	the	first	step	in	the	classifica-
tion	of	olive	germplasm	resources	(ROTONDI	et	al.,	2003).	Neverthe-

less, the morphological characteristics often vary greatly within an 
olive variety depending on environmental conditions, phenological 
stage, agricultural practices, and others (ZAHER	et	al.,	2011).	
The production of olive oil is the principal purpose of planting olive 
trees.	Olive	oil,	a	key	component	of	the	traditional	“Mediterranean	
diet” is extracted by mechanically pressing the olive fruit without 
any chemical treatment (GUASCH-FERRĔ	et	al.,	2014).	The	chemical	
composition of olive oil primarily consists of triacylglycerols (TAG, 
about	99%),	followed	by	free	fatty	acids	(FFA),	diacylglycerols,	and	
other	bioactive	components.	Some	of	these	compounds	help	contri- 
bute	 to	 the	 unique	 character	 of	 olive	 oil	 (BLEKAS	 et	 al.,	 2006).	 
Because	of	the	high	content	of	monounsaturated	fatty	acid	(MUFA)	
and various functional bioactive components in olive oil, long-term 
intake can reduce morbidity and mortality of cardiovascular disease 
(such	 as	 hypertension,	 coronary	 artery	 disease,	 etc.),	 and	 prevent	
skin cancer, breast cancer, neurodegeneration and others (FOSCOLOU  
et	al.,	2018).	However,	 the	quality	of	olive	oil	 is	easily	affected	by	
geographic location, including climate (MAILER	et	al.,	2010).
Previous works have reported on different olive cultivars grown in 
China.	For	example,	the	cold	and	drought	resistance	of	young	trees	
has been evaluated and the growth, fruit production, and oil quality 
of eight olive cultivars in Wudu in the southeast Gansu Province have 
also been assessed (WANG	et	al.,	2018).	Xiang	et	al.	comprehensively	
valued the quality, composition, and antioxidant activity of virgin 
olive oil from four introduced varieties at Liangshan (XIANG	et	al.,	
2017).	Authorities	 in	southwest	China,	and	notably	Jintang	County	
of Sichuan Province, aim to develop olive cultivation as a leading in-
dustry, integrating the construction of a complete olive industry into 
the huge tourism market of Sichuan, as well as encouraging a healthy 
pastoral lifestyle in the region (CHEN	et	al.,	2019).	There	have	already	
been some studies on the cultivation techniques and photosynthetic 
characteristics	of	olive	trees	cultivated	in	Jintang.	However,	research	
into the morphological and oil qualitative characteristics of the in-
troduced	olive	cultivars	 in	southwest	China	 is	 rare.	Therefore,	 this	
study	aims	 to	characterize	 these	regional	olive	cultivars	and	select	
the	most	 superior	ones.	This	work	 is	 expected	 to	provide	valuable	
information on olive cultivation and research to both olive growers 
as	well	as	researchers.

Materials and methods
Plant materials
Seven introduced olive cultivars, including Arbequina (from Spain), 
Koroneiki	(from	Greece),	Coratina	(from	Albania),	Picholine	(from	
France),	Grossanne	(from	France),	Leccino	(from	Italy),	Manzanilla	
(from	Israel),	as	well	as	 the	 indigenous	olive	cultivar	Ezhi-8	(from	
China) have been planted in southwest China (Jintang County of  
Sichuan	Province,	30°45’30.03’’	N;	04°32’52.07’’	E,	at	an	altitude	of	
800-1100	m.	The	average	annual	precipitation	is	1000	mm,	the	mean	
annual	temperature	is	16	°C, and during harvest time, the tempera-
ture	fluctuates	between	9	°C (minimum) and 25 °C	(maximum).	In	
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the	orchards	identified	for	this	study,	the	olive	trees	are	six	years	old,	
and are planted with spacing of 5×5 m, with consistent cultivation 
conditions.	The	analysis	was	conducted	as	described	in	the	following	
sections.

Morphological characteristics and chemical composition of 
fruits
Morphological characteristics were assessed according to the pri-
mary	 descriptor	 methodology	 of	 olive	 trees	 (HOSSEINI-MAZINANI 
and SAMAEE,	2004).	The	leaf	characters	(leaf	length,	leaf	width	and	
leaf	area),	inflorescence	characters	(number	of	flowers/inflorescence,	
perfect	 flowers	 percentage/inflorescence	 and	 blooming	 periods),	
fruit	and	endocarp	characters	(fruit	weight,	stone	weight	and	pulp/
stone ratio), yield per tree, moisture and oil contents of olive fruit 
were	measured	and	recorded.	Three	olive	trees	of	each	cultivar	were	
randomly selected for determination with uniform cultivation condi-
tions	and	tree	shape.	For	each	tree,	100	mature	leaves,	10	branches	
and 30 olive fruits were hand-picked from the inner and outer part 
of the four subdivided quadrants of the canopy with uniform cha- 
racteristics in total from the orchard (FAYEK	et	al.,	2014).	Five	olive	
trees from each cultivar were randomly selected for measurement of 
the	yield.	The	contents	of	oil	and	moisture	were	measured	accord-
ing	 to	 national	 standard	methods	 of	 China	 (GB	 5009.6-2016)	 and	 
previous	 reports,	 respectively	 (NSPRC,	 2016;	CHENG	 et	 al.,	 2017).	 
Experiments	were	performed	in	triplicate	for	each	cultivar.

Olive oil quality characteristics
Oil extraction
Some 5 kg of olive fruits were collected during harvest time and 
extracted according to the previous method (XIANG	et	al.,	2017).	The	
fruits were crushed, and the crushed slurry was fused in a hot water 
bath	for	30	min	at	30	°C,	then	centrifuged	at	3,000	r/min	for	5	min	
to	obtain	an	oil-water	mixture.	Finally,	 the	olive	oil	was	separated	
from	the	mixture	after	the	mixture	was	placed	at	4	°C	overnight.	The	
collected	oil	was	then	stored	in	dark	glass	bottles	at	4	°C	for	further	
analysis,	described	below.

Free acidity and peroxide value 
The free acidity and peroxide value of the olive oil samples were 
determined	according	to	international	standards	(ISO	660-2009	and	
ISO	3960-2007,	respectively)	(ISO,	2007;	2009).

Fatty acid composition 
The fatty acid composition was evaluated by gas chromatography 
mass	 spectrometry	 (GC-MS)	 (ISSAOUI	 et	 al.,	 2011).	 Firstly,	 the	 oil	
was	 simply	 methyl	 esterified	 (FAMEs).	 Then,	 the	 GC-MS	 analy-
sis	was	conducted	using	an	Agilent	7890A	gas	chromatograph	and	
5977C	mass	 spectrometry	 (Agilent	 Technologies,	 USA),	 equipped	
with	a	capillary	column	HP-5MS	(30	m×0.25	mm;	0.25	μm,	Agilent	
Technologies,	USA).	
Detection	conditions	were	 listed	as	follows:	capillary	column	tem-
perature	 program	was	 set	 from	 80	 °C,	 holding	 for	 5	min,	 and	 in-
creased	at	10	°C/min	to	180	°C.	holding	for	2	min,	then	increased	to	
260	°C	at	a	rate	of	5	°C/min,	maintained	for	3	min.	The	carrier	gas	
was	helium	at	a	flow	rate	of	0.6	mL/min	with	a	split	ratio	of	1:10.	The	
injector	temperature	was	245	°C,	and	the	temperature	of	the	detector	
was	260	°C.	EI	ion	source	and	mass	scan	ranged	from	45	to	550	m/z.	
The	 FAMEs	 profiles	were	 identified	 by	 comparing	 them	with	 the	
database	of	 the	National	 Institute	of	Standard	Technology	Library,	
NIST.	In	addition,	the	individual	fatty	acid	content	was	expressed	as	
a	percentage	of	the	total	fatty	acid.

Contents of α-tocopherol, squalene, stigmasterol and β-sitosterol 
The results of the α-tocopherol,	 squalene,	 stigmasterol	 and	 β- 
sitosterol	 analysis	 were	 determined	 using	 an	 Agilent	 1260	 HPLC	
(Agilent	 Technologies,	 USA)	 equipped	 with	 a	 ZORBAX	 SB-C18	
column	(150×4.6	mm,	5.0	μm).
The	 content	 of	 α-tocopherol	 was	 evaluated	 according	 to	 the	 pre- 
vious method (CAO	et	al.,	2015).	A	1	g	oil	sample	was	dissolved	in	 
n-hexane,	 the	 volume	fixed	 to	 10	mL,	 then	mixed	 and	filtered	 for	
HPLC	analysis.	Detection	conditions	included	a	fluorescence	detec-
tor; the excitation wavelength was 295 nm, and the emission wave-
length	was	325	nm;	the	mobile	phase	was	methanol	at	a	flow	rate	of	
0.8	mL/min,	and	the	column	temperature	was	35	°C.
The content of squalene was evaluated as described in previous 
studies (LIU,	2017).	Firstly,	the	oil	was	saponified	using	a	potassium	
hydroxide-ethanol	solution,	then	the	sample	was	analysed	by	HPLC.	
The detection conditions were set as follows: an ultraviolet detector, 
a wavelength of 325 nm, and a column temperature of 30 °C; the 
mobile	phase	was	methanol:	acetonitrile	 (60:40,	v:v)	at	a	flow	rate	
of	1.0	mL/min.
The	contents	of	stigmasterol	and	β-sitosterol	were	evaluated	accord-
ing	 to	 the	 previous	method	with	 some	modifications	 (SIVAKUMAR  
et	al.,	2006).	Firstly,	the	oil	sample	was	briefly	saponified.	Then,	de-
tection conditions were set as follows: an ultraviolet detector, with a 
wavelength of 210 nm and column temperature of 35 °C; the mobile 
phase	was	methanol	at	a	flow	rate	of	1.0	mL/min.

Total polyphenol and phenolic compounds 
The total polyphenol fraction was extracted according to the pre-
vious	method	described	by	Bouarroudj	(BOUARROUDJ	et	al.,	2016).	
The	mixture	was	vortexed	and	centrifuged	at	4000	rpm	for	15	min.	
The extraction was repeated three times and concentrated by rotary 
evaporator	at	40	°C,	then	adjusted	to	10	mL	with	methanol.
The content of total polyphenol was determined by the Folin-ciocal-
teu	method	described	by	Baiano	with	some	modifications	(BAIANO  
et	al.,	2009).	A	0.1	mL	polyphenol	extract	was	mixed	with	0.02	mL	
of	Folin-ciocalteu	and	a	0.08	mL	10%	sodium	carbonate	solution	for	
5	min.	The	absorbance	of	the	mixture	was	read	at	765	nm	by	Spec-
tra	Max	M2	microplate	reader	(Molecular	Devices	Corp.,	CA)	after	
incubation	 in	 dark	 for	 1	 h.	 The	 polyphenol	 quantity	was	 given	 as	 
milligram	gallic	acid	equivalents	per	kilogram.
The phenolic compounds analysis was carried out in accordance 
with previous studies (XIANG	et	al.,	2017).	The	analytical	equipment	
used	is	mentioned	in	section	2.3.4.	The	conditions	for	analysis	were	
set	as	follows:	wavelength	at	280	nm;	column	temperature	of	35	°C;	
mobile	phase:	(A)	water:	acetic	acid	(99.5:0.5,	v:v),	(B)	methanol,	and	
(C)	isopropyl	alcohol,	with	a	flow	rate	of	1	mL/min.	Gradient	elution:	
0	to	14	min	92%	(A),	4%	(B),	4%	(C);	14	to	45	min	82%	(A),	9%	(B),	
9%	(C)	and	45	to	60	min	70%	(A),	15%	(B),15%	(C).

Statistical analysis
The average values between different cultivars of oil samples were 
compared	using	Duncan’s	multiple	tests,	and	significant	differences	
were established at P<0.05.	The	IBM	SPSS	Statistics	version	20.0	
(SPSS	Inc.,	Chicago,	IL,	USA)	was	used	to	perform	analysis	of	vari-
ances	(ANOVA).

Results and discussion
Morphological characteristics and chemical analyses of fruits
Leaf and flower characteristics
Leaves are the main sites of photosynthesis in plants, playing an 
important role in the growth and development of fruits and trees 
(LIU	et	al.,	2011).	The	adult	 leaf	 length	of	 the	eight	olive	cultivars	
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ranged	 from	 45.80	 to	 64.24	 mm,	 and	 the	 leaf	 width	 varied	 from	
10.53	to	14.73	mm	(Tab.	1).	The	leaf	area	of	Coratina	was	the	biggest	 
(674.80	mm2)	while	Arbequina	was	 the	 smallest	 (395.06	mm2).	 In	
addition,	as	shown	in	Tab.	1,	the	number	of	flowers	per	inflorescence	
differed	among	the	eight	cultivars,	ranging	from	3	to	36.	More	im-
portantly,	 the	numbers	of	perfect	flowers	are	closely	 related	 to	 the	
fruit	set	percentage.	The	percentage	of	perfect	flowers	per	inflores- 
cence	of	eight	olive	cultivars	varied	from	58.76	to	82.12%.	Accord-
ingly, the fruit set percentage of Arbequina was the highest and  
Manzanilla	was	the	lowest.	Olive	production	depends	mainly	on	this	
fruit set percentage (MEZGHANI	et	al.,	2012).	
Most olive cultivars are self-incompatible and have low self-polli-
nation rates (SAUMITOU-LAPRADE	et	al.,	2017).	However,	an	overlap	
of	blooming	periods	exists	 in	 the	eight	 cultivars.	For	example,	 the	
blooming	periods	of	Koroneiki	are	closer	to	those	of	Leccino.	Plant-
ing cultivars with similar blooming periods together can therefore 
improve	the	pollination	rate	when	growing	olives.

Fruit and stone characteistics
At	harvest,	 as	 shown	 in	Tab.	 2,	 the	 fruit	weight,	 stone	weight	 and	
ratio	of	pulp	on	stone	differed	significantly	between	the	eight	olive	
cultivars.	The	fruit	weight	ranged	from	1.37	g	to	4.06	g.	The	stone	
weight	ranged	from	0.22	g	(Koroneiki)	to	0.84	g	(Ezhi-8).	The	Cora-
tina	was	recorded	as	the	highest	value	(6.59)	in	terms	of	pulp/stone	
ratio,	followed	in	order	by	Manzanilla,	Koroneiki,	Arbequina,	Gros-
sanne,	Picholine,	Leccino	and	Ezhi-8	(5.55,	5.23,	4.97,	4.61,	4.52,	4.12	
and	2.65,	respectively).	The	fruit	weight	of	Coratina,	Koroneiki	and	
Arbequina was higher than that of previous research results (CHENG	
et	al.,	2017).	However,	the	fruit	weight	of	Ezhi-8	and	Manzanilla	was	
lower than previous studies (WANG	 et	 al.,	 2018).	 Simultaneously,	 
Tab.	2	shows	that	the	fruit	yield	per	tree	of	Grossanne	was	the	highest	
(11.79	kg	per	tree),	followed	by	Picholine	(8.37	kg	per	tree),	while	the	
lowest	was	Manzanilla	(4.19	kg	per	tree).

The	 fruit	moisture	 content	of	 eight	 cultivars	 ranged	 from	56.02	 to	
65.77%	 (Tab.	 2).	 In	 addition,	 the	 fresh	 fruit	 oil	 content	was	 high-
est	 in	 Coratina	 (20.42%),	 followed	 in	 descending	 order	 by	 Koro-
neiki	(18.58%),	Grossanne	(16.46%),	Picholine	(15.89%),	Arbequina	
(15.54%),	Leccino	(15.07%),	Ezhi-8	(14.27%)	and	lastly	Manzanilla	
(13.05%).	In	this	study,	the	moisture	content	of	olive	fruit	was	much	
higher and the fresh fruit oil content was low compared with other 
studies (LEE	et	al.,	2018;	DABBOU	et	al.,	2009).	Proietti	et	al.	have	in-
dicated	that	sufficient	irrigation	in	the	fruiting	stage	would	raise	the	
fruit water content (PROIETTI and ANTOGNOZZI,	1996).	In	addition,	
irrigation	has	also	been	reported	to	affect	oil	content	(RINALDI	et	al.,	
2010).	Hence,	the	difference	of	moisture	and	oil	content	between	this	
study and previous research may be caused by climate, especially 
precipitation.
On	 the	 basis	 of	 this	 current	 study,	 the	Manzanilla	 cultivar	 is	 con- 
sidered to be promising for its use for table or eating olives because 
of	its	low	oil	content	and	high	pulp/stone	ratio.	The	result	is	in	agree-
ment	 with	 previous	 research	 reported	 by	 Del	 Río’	 (DEL RĺO and  
CABALLERO,	 2008).	 Similarly,	 the	 high	 pulp/stone	 ratio	 and	 the	 
moderate oil content of Picholine and Arbequina demonstrate that 
both of them could be applied as dual-purpose cultivars (for both oil 
and	table	olives),	while	Koroneiki,	Coratina	and	Grossanne	remain	
excellent	oil	cultivars.

Oil qualitative characteristics
Free acidity and peroxide value
The free acidity and peroxide values are an important index of qua- 
lity in olive oil (GOMEZ-CARAVACA	 et	 al.,	 2016).	 Above	 all,	 free	 
acidity	 has	 been	 used	 exclusively	 as	 the	 traditional	 classification	 
criterion	for	olive	oil.	The	free	acidity	and	peroxide	values	of	eight	
cultivars	were	 shown	 in	 Tab.	 3.	 The	 different	 olive	 oils	 show	 sig-
nificant	 differences	 in	 terms	 of	 free	 acidity,	 ranging	 from	 0.24	 to	
0.47%.	Their	peroxide	value	ranged	from	9.08	to	14.66	meq/kg.	The	

Tab. 1: Leaf	and	inflorescence	characteristics	of	eight	cultivars

		 	 Leaf	length/mm	 Leaf	width/mm	 Leaf	area/mm2	 Number	of	flowers/	 Perfect	flowers	percentage/	 Blooming	periods
		 	 	 	 	 inflorescence	 inflorescence	(%)

Arbequina	 45.80±0.79a	 10.98±0.54ab	 395.06±25.25a	 9~27	 82.12±2.33e	 April	19	to	May	04
Koroneiki	 49.24±1.11b	 11.36±0.60ab	 439.45±33.16a	 6~30	 70.27±0.61c	 April	22	to	May	08
Coratina	 62.29±1.56d	 13.81±1.24c	 674.80±55.81e	 6~36	 73.70±2.34c April 15 to 29
Picholine	 57.30±0.97c	 11.55±0.52ab	 519.76±32.33bc	 4~24	 67.28±1.47b	 April	17	to	30
Grossanne	 64.24±1.60d	 12.38±0.90b	 624.82±59.82de	 8~29	 75.92±0.98d	 April	21	to	May	06
Leccino	 51.43±1.39b	 14.73±1.11c	 595.48±59.41cd	 3~19	 73.61±1.39c April 23 to May 09
Manzanilla	 54.82±1.81c	 10.53±0.58a	 452.72±20.24ab	 5~25	 58.76±1.67a	 April	16	to	May	01
Ezhi-8		 48.78±3.68ab	 14.45±0.32c	 553.08±39.26cd	 3~31	 77.99±2.14d	 April	16	to	May	03

Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	letters	in	the	same	column	indicate	significantly	different	values,	P<0.05.	

Tab. 2:  Fruit characteristics and yield per tree of eight cultivars

	 Fruit	weight	(g)	 Stone	weight	(g)	 Pulp/stone	ratio	 Fruit	yield	(kg/tree)	 Moisture	content	(%)	 Fresh	fruit	oil	content	(%)

Arbequina	 1.91±0.09b	 0.32±0.00b	 4.97±0.04d	 6.53±0.66bc	 60.91±2.09c	 15.54±0.35cd

Koroneiki	 1.37±0.03a	 0.22±0.01a	 5.23±0.11e	 6.24±1.52abc	 59.24±1.79bc	 18.58±0.42e

Coratina	 4.63±0.26f	 0.61±0.02d	 6.59±0.07g	 8.36±0.76c	 57.19±0.99ab	 20.42±0.54f

Picholine	 3.59±0.05e	 0.65±0.01e	 4.52±0.04c	 8.37±1.23c	 64.32±1.57d	 15.89±0.35cd

Grossanne	 2.02±0.04c	 0.36±0.01c	 4.61±0.13c	 11.79±1.87d	 59.06±1.08bc	 16.46±0.11d

Leccino	 3.02±0.07d	 0.59±0.01d	 4.12±0.05b	 5.18±0.60ab	 56.02±1.55a	 15.07±0.23bc

Manzanilla	 4.06±0.37e	 0.62±0.01d	 5.55±0.18f	 4.19±0.50a	 65.77±0.72d	 13.05±0.48a

Ezhi-8	 3.07±0.10d	 0.84±0.03f	 2.65±0.08a	 7.89±1.17c	 64.05±1.54d	 14.27±0.60b

Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	letters	in	the	same	column	indicate	significantly	different	values,	P<0.05.



 Morphology and oil quality of olive cultivars (Olea europaea	L.)	 117

free acidity and peroxide values of all olive oils tested were within 
the	range	of	the	extra	virgin	olive	oil	category	(where	free	acidity	≤	
0.80%	and	peroxide	value	≤	20.0	meq/kg)	(IOC,	2019).	Therefore,	the	
olive oil of eight cultivars is of excellent quality and can be ranked as 
extra	virgin	olive	oil.

Fatty acid composition
The content of unsaturated fatty acids and saturated fatty acids in the 
olive	oil	are	shown	in	Tab.	4	and	5,	respectively.	The	main	unsatu-
rated	fatty	acid	in	olive	oil	is	palmitoleic	acid	(C16:1,	0.40~3.44%),	
followed	 by	 heptadecenoic	 acid	 (C17:1,	 0.09~0.26%),	 oleic	 acid	
(C18:1,	 61.64~79.30%),	 linoleic	 acid	 (C18:2,	 4.04~8.17%),	 linolenic	

acid	(C18:3,	0.39~0.95%)	and	eicosenoic	acid	(C20:1,	0.14~0.40%).	
In	addition,	 the	main	saturated	 fatty	acid	 in	olive	oil	was	palmitic	
acid	(C16:0,	10.76~19.48%),	followed	by	heptadecanoic	acid	(C17:0,	
0.11~0.31%),	stearic	acid	(C18:0,	1.16~4.64%),	arachidic	acid	(C20:0,	
0.31~0.58%)	and	behenic	acid	(C22:0,	0.05~0.16%).	
In	this	study,	oleic	acid	was	the	mainly	constituent	in	all	oils	tested,	
and a high dietary intake of oleic acid has been proved to reduce 
the	 risk	of	coronary	artery	disease	 (CAD),	hypertension	and	other	
diseases	(BERMUDEZ	et	al.,	2011).	The	oil	of	the	eight	cultivars	were	
also rich in the essential fatty acids of linoleic acid and linolenic 
acid.	 Arbequina	 did	 not	 contain	 heptadecenoic	 acid.	 Arbequina,	
Picholine	and	Ezhi-8	were	also	short	of	heptadecanoic	acid.	There	
was	also	an	absence	of	behenic	acid	in	Coratina	and	Ezhi-8.	Taken	
together, the fatty acid composition of the oil from the eight culti- 
vars complies with the established limits of extra virgin olive oil 
(IOC,	2019).	The	results	are	also	in	agreement	with	the	finding	that	 
the cultivar is closely related to the composition of fatty acids in olive  
oil (CHAPAGAIN	et	al.,	2009).
The content of fatty acids in the olive oil samples from southwest 
China	 is	 different	 from	 other	 studies.	 For	 example,	 the	 regional	 
content of oleic acid is higher than the results of other researches 
(ZARROUK	et	al.,	2009).	Previous	studies	have	shown	that	geographic	
location seriously affects the fatty acid composition and content of 
olive oil (MAILER	et	al.,	2010).	It	has	also	been	discovered	that	olive	
fruits living at a high altitude and in cooler areas are apt to exhibit 
a high content of unsaturated fatty acids (OUNI	et	al.,	2011).	Previ-
ous studies report that the oil extracted from olives grown in high- 
temperature sites contains lower levels of oleic acid than olives 
grown	in	a	milder	environment	(NISSIM	et	al.,	2020).	

Tab. 3: Free acidity and peroxide value of olive oil

	 Free	acidity	(%)	 Peroxide	value	(meq/kg)

Arbequina	 0.38±0.01d	 14.66±0.21d

Koroneiki	 0.30±0.00b	 14.00±0.15c

Coratina	 0.30±0.01b	 9.08±0.09a

Picholine	 0.41±0.00e	 12.68±0.18b

Grossanne	 0.24±0.01a	 12.94±0.11b

Leccino	 0.46±0.02f	 12.66±0.18b

Manzanilla	 0.47±0.01f	 12.94±0.12b

Ezhi-8	 0.32±0.01c	 12.73±0.18b

Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	letters	in	
the	same	column	indicate	significantly	different	values,	P<0.05.

Tab. 4:		Unsaturated	fatty	acid	composition	of	olive	oil	(%)

 C16:1	 C17:1	 C18:1	 C18:2	 C18:3	 C20:1

EVOO	 0.30-3.50	 ≤0.60	 55.00-83.00	 2.50-21.00	 ≤1.00	 ≤0.40
Arbequina	 0.58±0.02b	 -	 77.20±0.80d	 5.94±0.65cd	 0.87±0.03d	 0.39±0.01d

Koroneiki	 2.36±0.08g	 0.09±0.01a	 73.01±1.14b	 6.12±0.54cd	 0.95±0.05e	 0.39±0.02d

Coratina	 1.64±0.05e	 0.21±0.01d	 73.66±1.23b	 5.24±0.66bc	 0.95±0.01e	 0.35±0.03c

Picholine	 2.17±0.05f	 0.15±0.01b	 75.63±0.94c	 4.04±0.55a	 0.94±0.07e	 0.27±0.01b

Grossanne	 1.35±0.06d	 0.22±0.01d	 79.21±0.36e	 4.62±0.50ab	 0.60±0.01c	 0.14±0.00a

Leccino	 0.40±0.01a	 0.16±0.01b	 74.74±0.62b	 6.85±0.52d	 0.47±0.01b	 0.25±0.01b

Manzanilla	 3.44±0.07h	 0.26±0.01e	 61.64±0.37a	 8.17±0.54e	 0.93±0.01e	 0.33±0.01c

Ezhi-8	 0.92±0.02c	 0.17±0.00c	 79.30±0.24e	 4.65±0.54ab	 0.39±0.01a	 0.40±0.02d

Unsaturated	fatty	acid:	C16:1,	Palmitoleic	acid;	C17:1,	Heptadecenoic	acid;	C18:1,	Oleic	acid;	C18:2,	Linoleic	acid;	C18:3,	Linolenic	acid;	C20:1,	Eicosenoic	
acid.	The	“-”	represents	not	detected	in	the	identification	process.	Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	letters	in	the	same	column	
indicate	significantly	different	values,	P<0.05.

Tab. 5:  Saturated	fatty	acid	composition	of	olive	oil	(%)

 C16:0	 C17:0	 C18:0	 C20:0	 C22:0

EVOO	 7.5-20.00	 ≤0.40	 0.50-5.00	 ≤0.60	 ≤0.20
Arbequina	 13.47±0.67b	 -	 1.16±0.02a	 0.31±0.01a	 0.08±0.00c

Koroneiki	 14.90±0.48c	 0.11±0.00a	 1.40±0.07a	 0.56±0.01e	 0.11±0.01d

Coratina	 14.81±0.58c	 0.31±0.01d	 2.33±0.09b	 0.49±0.01c -
Picholine	 14.83±0.38c	 -	 1.24±0.03a	 0.58±0.02f	 0.16±0.00e

Grossanne	 10.76±0.66a	 0.27±0.01c	 2.44±0.05b	 0.33±0.01a	 0.05±0.00a

Leccino	 14.64±0.39d	 0.16±0.00b	 1.75±0.05b	 0.41±0.01b	 0.16±0.01e

Manzanilla	 19.48±0.12e	 0.15±0.01b	 4.64±0.05c	 0.54±0.01d	 0.07±0.00b

Ezhi-8	 11.37±0.48a	 -	 2.23±0.08b	 0.58±0.03g -

Saturated	fatty	acid:	C16:0,	Palmitic	acid;	C17:0,	Heptadecanoic	acid;	C18:0,	Stearic	acid;	C20:0,	Arachidic	acid	and	C22:0,	Behenic	acid.	The	“-”	represents	
not	detected	in	the	identification	process.	Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	letters	in	the	same	column	indicate	significantly	
different values, P<0.05.
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Analysis of the contents of α-tocopherol, squalene, stigmasterol and 
β-sitosterol 
Tocopherols are important components in olive oil and contribute 
to	its	nutritional	values.	They	also	play	a	key	role	in	preserving	oil	
from	rancidity	during	storage.	The	antioxidant	a-tocopherol,	the	main	
tocopherol homolog found in olive oil, can reduce the risk of cardio-
vascular diseases and cancers (MALHERIRO	et	al.,	2009).	In	this	study,	
the	content	of	a-tocopherol	ranged	from	97.54	mg/kg	in	Arbequina	
oil	to	164.47	mg/kg	in	oil	from	the	Leccino	cultivar	(Tab.	6).	These	
values are consistent with previously reported results (CASAL	et	al.,	
2010; XIANG	et	al.,	2017).	The	content	of	α-tocopherol is associated 
with plenty of factors, such as cultivar, climatic condition, agronomic 
practice	 and	 extraction	processes,	 etc.	 (BELTRĂN	 et	 al.,	 2010).	The	
content	 of	 α-tocopherol	 varies	 greatly	 among	 different	 cultivars	
(PSOMISDOU	et	al.,	2000).

Sterols	 are	 the	major	 components	 of	 the	 unsaponifiable	 fraction	 in	
olive	oil.	And	 stigmasterol	 and	β-sitosterol	 are	dominant	 sterols	 in	 
olive	oil,	especially	β-sitosterol,	which	accounts	for	more	than	80%	
of total sterols (LUKIC	 et	 al.,	 2013).	As	 shown	 in	Tab.	 6,	 the	 stig-
masterol	 in	 the	 olive	 oils	 tested	 ranged	 from	 31.76	mg/kg	 (Picho-
line)	to	90.67	mg/kg	(Arbequina).	It	was	interesting	that	β-sitosterol	
content	exhibited	significant	differences	between	the	eight	cultivars.	
The	highest	was	Coratina,	up	to	1135.28	mg/kg,	while	the	lowest	was	
Leccino,	with	144.45	mg/kg.	These	results	are	consistent	with	other	
studies that show the existence of differences according to cultivar 
(SIVAKUMAR	et	al.,	2006).	The	sterol	component	and	content	contri- 
bute	significantly	to	evaluating	the	nutritional	value	and	quality	con-
trol of olive oil, as they are typically used as the reference measures 
to	detect	adulteration	(ILYASOGLU	et	al.,	2010).

Total phenol and phenolic composition
The phenolic compounds present in olive oil, consisting of all kinds 
of natural antioxidants, have been proved to possess anti-oxidation, 
anti-inflammatory	and	anti-cancer	activities	(MARTÍN-PELÁEZ	et	al.,	
2013).	 In	 olive	 oil,	 phenolic	 compounds	 contribute	 to	 olive	 oil’s	
oxidative stability and can extend its shelf life, as well as to its sen-
sory characteristics, such as its bitter, astringent and pungent tastes  
(ALARCON FLORES	et	al.,	2012).	The	main	classes	of	phenols	present	
in	olive	oil	are	phenolic	acids,	phenolic	alcohols,	flavonoids,	secoiri-
doids and lignans (SERVILI and MONTEDORO,	2002).	In	this	study,	the	
total phenols and common phenolic compositions, together with their 
contents,	are	shown	in	Tab.	7.	The	total	phenolic	contents	of	the	eight	
oil	samples	exhibit	significant	differences.	The	highest	proportion	was	
detected	in	Arbequina,	with	102.21	mg/kg,	followed	by	Ezhi-8,	with	
93.88	mg/kg,	while	 the	 lowest	was	 in	Picholine	with	28.83	mg/kg.	 
These results are lower than previous data (CIOFFI	 et	 al.,	 2010;	 
LOUBIRI	et	al.,	2016).	
Simultaneously, the common phenolic compounds were evaluated 
by	 HPLC	 including	 hydroxyltyrosol,	 p-hydroxybenzoic	 acid,	 caf-
feic	acid,	p-coumaric	acid,	ferulic	acid,	rutin	and	oleuropein	(Tab.	7).	
There	were	significant	differences	in	phenolic	compounds	among	the	
eight	cultivars.	While	p-hydroxybenzoic	acid	and	caffeic	acid	were	
present	in	all	oils,	their	content	ranged	from	0.70	mg/kg	(Picholine)	
to	4.51	mg/kg	(Arbequina)	and	3.28	mg/kg	(Ezhi-8)	 to	5.56	mg/kg	
(Grossanne),	 respectively.	 It	was	notable	 that	 rutin	was	detected	 in	
Arbequina	and	other	five	cultivars,	ranging	from	0.88	to	11.93	mg/kg,	
while it has scarcely been reported in previous research (CIOFFI	et	al.,	
2010; GUTIERREZ-ROSALES	et	al.,	2003).	In	addition,	hydroxytyrosol,	
p-coumaric acid, ferulic acid and oleuropein were also detected in 
different	quantities	in	some	cultivars,	ranging	from	0.26	to	2.75	mg/
kg,	0.08	to	0.18	mg/kg,	3.11	to	9.19	mg/kg	and	0.70	to	3.05	mg/kg,	
respectively.	Vinha	et	al.	have	reported	that	the	presence	of	phenolic	
compounds	is	strongly	influenced	by	geographical	origins	and	culti-
vars	(VINHA	et	al.,	2005).	Furthermore,	 the	phenolic	compounds	in	

Tab. 7:		Total	phenol	and	phenolic	composition	in	olive	oil	(mg/kg)

	 Total	phenol	 Hydroxytyrosol	 p-hydroxybenzoic	acid	 Caffeic	acid	 p-coumaric	acid	 Ferulic	acid	 Rutin	 Oleuropein

Arbequina	 102.21±3.10e	 -	 4.51±0.11f	 4.19±0.10bc	 -	 3.30±0.12a	 11.93±1.27c -
Koroneiki	 37.90±1.17b	 -	 3.76±0.08e	 4.77±0.12d	 0.18±0.01c	 -	 2.64±0.25b	 0.97±0.06b

Coratina	 60.58±3.26c	 2.75±0.02d	 1.43±0.04c	 4.43±0.09bcd	 0.08±0.00a	 5.30±0.10b - -
Picholine	 28.83±1.51a	 0.26±0.01a	 0.70±0.02a	 4.56±0.08cd	 -	 -	 -	 0.70±0.02a

Grossanne	 36.29±1.10b	 -	 1.03±0.03b	 5.56±0.14e	 0.08±0.00a	 3.11±0.06a	 0.88±0.04a -
Leccino	 30.59±0.68a	 -	 1.46±0.03c	 4.15±0.53bc	 -	 -	 1.17±0.14a	 1.28±0.04c

Manzanilla	 93.07±4.40d	 0.74±0.02b	 2.43±0.06d	 4.00±0.10b	 0.13±0.00b	 5.86±0.36c	 2.98±0.15b	 1.84±0.04d

Ezhi-8	 93.88±1.94d	 2.28±0.05c	 1.10±0.03b	 3.28±0.51a	 -	 9.19±0.14d	 -	 3.05±0.07e

Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	letters	in	the	same	column	indicate	significantly	different	values,	P<0.05.

Tab. 6:		α-tocopherol,	 squalene,	 stigmasterol	 and	 β-sitosterol	 contents	 of	 
olive	oil	(mg/kg)

	 α-tocopherol	 Squalene	 Stigmasterol	 β-sitosterol

Arbequina	 97.54±2.37a	 1794.27±34.39b	 90.67±2.83h	 231.95±11.80b

Koroneiki	 130.65±3.77d	 2296.10±74.61c	 62.33±0.46e	 286.81±8.98c

Coratina	 120.26±3.39c	 1924.71±124.64b	 58.64±2.00d	 1135.28±45.88g

Picholine	 121.71±2.67c	 2292.19±88.73c	 31.76±0.65a	 502.49±20.07d

Grossanne	 101.86±2.20a	 1617.07±23.20a	 47.13±0.80c	 685.82±23.47f

Leccino	 164.47±2.41e	 2398.33±151.36c	 40.83±1.09b	 144.45±11.56a

Manzanilla	 113.79±1.18b	 1802.97±48.21b	 66.74±1.36f	 574.91±22.86e

Ezhi-8	 161.71±1.98e	 3152.04±14.12d	 86.74±2.43g	 667.60±25.02f

Data	are	expressed	as	the	mean±standard	deviations,	n=3.	Different	 letters	
in	the	same	column	indicate	significantly	different	values,	P<0.05.

Olive	 oil	 is	 one	 of	 the	 richest	 sources	 of	 squalene.	 The	 squalene	
content	in	virgin	olive	oil	typically	ranges	from	200	to	7500	mg/kg	
(CAYUELA and GARCĺA,	2018).	In	this	study,	the	content	of	squalene	
in	olive	oil	from	eight	cultivars	is	summarised	in	Tab.	6.	The	highest	
content	of	squalene	was	found	in	Ezhi-8	(3152.04	mg/kg	oil),	while	
the	lowest	results	are	for	Grossanne	(1617.07	mg/kg	oil).	These	re-
sults are consistent with Owen	et	al.	but	higher	than	those	reported	
by Sagratini	 et	 al.	 (OWEN	 et	 al.,	 2000;	 SAGRATINI	 et	 al.,	 2012).	 
Squalene is a triterpene hydrocarbon and natural antioxidant, which 
possesses antitumor activity against different cancer types and is used 
as a component of parenteral emulsions for drugs and vaccines (FOX, 
2009).	 In	addition,	 it	may	be	useful	for	 the	 treatment	of	cardiovas-
cular diseases (SPANOVA	and	DAUM,	2011).	Therefore,	 the	oil	 from	
cultivars	 such	as	Ezhi-8	 that	contain	a	high	proportion	of	 squalene	
could be applied in the manufacture of food supplements and the 
pharmacological	industry.
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olive oil are also closely related to climate, fruit ripening, processing 
and storage methods (GHANBARI	SHENDI	et	al.,	2018).

Conclusions
In	 this	 study,	 eight	 olive	 cultivars	 cultivated	 in	 southwest	 China	
showed	 excellent	morphological	 and	 oil	 qualitative	 characteristics.	
They exhibit unique characteristics consistent with the climate of the 
region	in	which	they	are	grown.	The	olive	fruit	from	southwest	China	
shows	higher	moisture	content	and	 lower	 fresh	 fruit	oil	content.	 In	
addition, the olive oil from all eight cultivars is ranked as extra virgin 
olive	oil.	All	oils	exhibited	a	high	oleic	content	and	were	rich	in	vari-
ous	functional	bioactive	components.	Conclusively,	southwest	China	
(Jintang)	has	a	clear	potential	for	the	future	development	of	olives.	
However,	this	study	only	records	and	measures	the	complete	data	for	
one	year,	which	cannot	fully	reflect	the	morphological	variability	and	
stability	of	olive	 trees	 in	a	changing	environment.	 In	 the	following	
years, we will continue to record and measure the characteristics of 
olives	cultivated	in	southwestern	China.
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