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Abstract: The main objective of this study was to evaluate the quality and select the best varieties
from 85 olive varieties in the Liangshan region, China, from the perspective of oil content, fatty acid,
and triacylglycerol compositions. Although 85 varieties of olive oil showed no difference in the type
of fatty acid composition and the distribution of triglycerides, they varied greatly in the oil content,
the relative proportion of fatty acids, and triglycerides. Principal component analysis (PCA) and
cluster and heatmap analysis clearly divided the 85 samples into three groups. Group A included 36
varieties and was characterized by high oleic acid, mono-unsaturated fatty acids (MUFA), eicosenoic
acid, OOO (glyceryl trioleate), and OOL (1-oleic acid-2-oleic acid-3-linoleic acid glycerides) contents,
but rare palmitoleic acid, SFA (saturated fatty acid), and POP (1-palmitic acid-2-oleic acid-3-palmitic
acid glycerides) levels. Group B contained 9 varieties of olive, with the main characteristics of high
oleic acid, linolenic acid, MUFA, MUFA /PUFA, SFA, and OLnO (1-oleic acid-2-linolenic acid-3-oleic
acid glycerides) content, but low in linoleic acid, PUFA (polyunsaturated fatty acid), PLL levels and
ratio of omega-6 to omega-3 polyunsaturated fatty acids. Group C comprised 40 varieties, identified
by high linoleic acid and PUFA levels but low ratios of oleic acid, MUFA, OOO, MUFA /PUFA, and
the ratio of omega-6 to omega-3 polyunsaturated fatty acids. Combined with the o0il content (FW)
(%) of 85 varieties, we suggested four distinguished varieties in Group A, namely Lechin, Coratina,
Koroneiki, and Arbosana; three distinguished varieties in Group B, namely Picual, Ezhi, Cornicabra;
two distinguished varieties in Group C namely Frantoio and Arbequina as the objects of large-scale
cultivation by Chinese cultivators. More importantly, the obtained data also demonstrated that some
locally bred specific varieties, such as Zhongze-3 and Yuntai, had interesting unsaturated fatty acids
and had cultivation and popularization value in China.

Keywords: olive oil; fatty acid composition; triacylglycerol; principal component analysis

1. Introduction

Olive is a world-famous woody oil economic tree species with a planting history of
more than 4000 years [1]. Extra-virgin olive oil (EVOO) is a natural pulp oil made directly
from cold-pressed fresh olive fruit. As well as the unique sensory properties, the high
nutritional value and the health benefits of olive oil make it a diet oil of great importance not
only in Mediterranean countries but also throughout the world. Although not originating
in China, more and more olives have been introduced to China since 1956. Now, the
Liangshan region of the Sichuan province has become the most remarkable representation
of olive introduction and cultivation in China. As the country with the world’s largest
population and the second largest GDP, China will become the world’s largest olive oil
consumer in the future, with a huge potential market.

Regular olive oil consumption has been reported to be associated with a lower risk
of hypercholesterolemia, coronary heart disease, inflammation, cancer, and degenerative
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diseases. The health benefits of olive oil are attributed to its rich oleic acid composition,
appropriate proportions of linoleic and linolenic acid, and a variety of bioactive small
molecules such as phenols, phytosterols, squalene, and tocopherols [2,3]. These unique
chemical compositions and organoleptic properties of olive oil are dependent on the culti-
var, geographic origin, pedoclimatic conditions, and fruit ripeness [4-6]. The introduction
and localization of olives in China started in the last century. Now, the Liangshan district
of Sichuan province has become the most remarkable representation of olive cultivation
in China, with more than 187 varieties of olives introduced from Israel, Greece, Spain,
Italy, and other countries. It has been demonstrated that the geographical and climatic
characteristics in which olive trees are grown, such as altitude, temperature, and rain-
fall, have a strong influence on the chemical compositions and properties of olive oil [7].
Therefore, after transplanting olive trees to a new environment with different soil and
climatic characteristics, it is possible to cause great changes in the chemical compositions of
olive oil, such as fatty acid compositions, trace accompaniments, and related bioactives.
However, there is no report on how the regional conditions in the Liangshan region of
China affect the oil characteristics, especially fatty acids, of these newly introduced olive
varieties. Although the oil characteristics of a few olive varieties, such as Coratina, Leccino,
and Frantoio, have been reported in China, most of them focus on a specific region and a
small number of varieties [8-10].

It is of great significance for the actual production and development of the olive in-
dustry to select and breed suitable species in the Liangshan area to produce high-quality
domestic olive oil and to define their composition characteristics for promotion and popu-
larization. Therefore, this study evaluated and compared the oil characteristics of 85 olive
cultivars grown in the Liangshan region of China from the perspective of oil content, fatty
acid, and triacylglycerol composition and content.

2. Material and Methods
2.1. Materials and Reagents

Olive samples were kindly donated by the Liangshan Zhongze Olive Manor (Xichang,
China), and samples were stored at —20 °C temperature until analysis. The study started
with a total of 85 olive samples produced at Liangshan in Xichang in September-October
2021 and September 2022. The ripeness grade of the collected olive fruit was referred to as
LY /T 1532-2021 [11]. The sample information regarding harvest year, maturity, and cultivar
name are listed in Table 1.

Table 1. Relative information on 85 olive varieties.

Sample Cultivar Harvest Year MIaturlty Sample Cultivar Harvest Year Maturity
ndex Index
1 Picual 2021 less than 1 44 Yunza 2021 34
2 Biaocoline 2021 34 45 Ors 2022 2-3
3 Frantoio 2021 1-2 46 San Agostino 2022 4-5
4 Hojiblanca 2021 4-5 47 Telsmani 2022 34
5 Verdale 2021 less than 1 48 Cds 2022 34
6 Garsagvenio 2021 less than 1 49 Brintian 2022 2-3
7 Koroneiki 2021 1-2 50 Round Green 2022 34
8 Pizzacarroga 2021 less than 1 51 Nabli salfit 2022 1-2
9 Rama pendula 2021 1-2 52 Ezhi 2022 1-2
10 Nieda di gonno 2021 2-3 53 Zhongze-2 2022 5-6
11 Leccino 2021 5-6 54 Zhongshan-24 2022 2-3
12 Cornicabra 2021 1-2 55 Zhongze-3 2022 34
13 Jmperid 2021 2-3 56 Zhongze-11 2022 4-5
14 Sikitita 2021 1-2 57 Grossane 2022 2-3
15 Macho de jaen 2021 34 58 Royeta de asque 2022 4-5
16 Coratina 2021 less than 1 59 Gordal del somontano 2022 34
17 Barnea 2021 1-2 60 Albarate 2022 34
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Table 1. Cont.
Sample Cultivar Harvest Year MIaturlty Sample Cultivar Harvest Year Maturity
ndex Index
18 Frantoio de 2021 1-2 61 Alia 2022 45
Corsini
19 Ottobratica 2021 less than 1 62 Manzanicco de bierge 2022 34
20 Dolce di 2021 1-2 63 Segoise 2022 34
orocco
21 Rol 2021 less than 1 64 Morisca 2022 less than 1
22 Lecln 2021 1-2 65 Tondn di caglan 2022 1-2
23 Acebuche 2021 1-2 66 Ganino 2022 34
24 Rob 2021 34 67 Surani 2022 34
25 Canino 2021 less than 1 68 San fraciso 2022 34
26 Yuntai 2021 1-2 69 Misn 2022 2-3
27 Zhongze-7 2021 2-3 70 Azappa 2022 less than 1
28 Pico limon 2021 4-5 71 Giarffa 2022 less than 1
29 C’;(eml“l. de 2021 less than 1 72 Piangent 2022 3-3
abylie
30 Lechin de Sevilla 2021 1-2 73 Gemlek 2022 34
31 Nevlbdly 2021 1-2 74 Amigdalolea Nana 2022 1-2
32 Arbequina 2021 34 75 Basta Morisca 2022 2-3
33 Kalamata 2021 less than 1 76 Uovo di Piccione 2022 1-2
34 Arbosana 2021 less than 1 77 Cuco 2022 5-6
35 Togisca 2021 less than 1 78 Memeli 2022 2-3
36 Picholine 2021 1-2 79 Moraiolo 2022 1-2
Languedoc
37 XiYou-1 2021 2-3 80 Ascolana Tenera 2022 2-3
38 Cobrancosa 2021 less than 1 81 Jiufeng 2022 1-2
39 Pendolino 2021 5-6 82 Codovil 2022 2-3
40 Huyete 2021 4-5 83 Berat 2022 3-4
41 Mc ssoon 2021 2-3 84 Chenggu32 2022 4-5
42 Zhanglin 2021 5-6 85 Chenggub3 2022 4-5
Leucocarpa
43 Ovoid 2021 n.d

Hexane and potassium hydroxide (KOH) were analytical-grade, and methanol and
n-heptane were chromatographic-grade. Methyl palmitate, methyl palmitoleate, methyl
heptadecanoate, methyl heptadecenoate, methyl stearate, methyl oleate, methyl linoleate,
methyl linolenate, methyl eicosate, and methyl behenate were purchased from Yuanye
Biotechnology Co., Ltd. (Shanghai, China). Methyl nonadecanoate and methyl eicosenoate
were obtained from Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). Methyl
lignocerate was purchased from Maclean Biochemical Technology Co., Ltd. (Shanghai,
China). All fatty acid methyl esters were chromatographic-grade. The triglyceride internal
standard (trimyristin) was purchased from NU-CHEK-PREP, Inc. USA (Elysian, MN, USA).

2.2. Environmental Factors

The samples involved in this study were collected from Zhongze Olive Manor, Liang-
shan Yi Autonomous Prefecture, Sichuan (longitude: E102°14/36", latitude: N27°44/39",
altitude: 953 m). The climate of Liangshan Yi Autonomous Prefecture belongs to the
subtropical monsoon climate region, with distinct dry and wet seasons. In the dry season,
precipitation is rare, the temperature difference is not large, the sun is sufficient, and the
climate is warm. The wet season is warm, cool, humid, and rainy. Therefore, it has become
an ideal olive-growing area. Considering the possible impact of climate change on olive oil
properties, monthly information on rainfall and average temperatures was obtained during
the harvest year (Figure 1). Although the temperature and precipitation of the two years
were different, there were only slight differences, and all varieties were in the same climate
region, so we ignored the influence of climate differences on varieties.
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Figure 1. (a) The rainfall of the Liangshan region, China, in 2021 and 2022, which was expressed as
an average for each month. (b) The temperature of the Liangshan region, China, in 2021 and 2022,
expressed as an average for each month.

2.3. Oil Extraction

The olive sample was sliced, freeze-dried, and crushed into olive powder. We used an
optimized ultrasonic-assisted solvent method to extract olive oil. The specific conditions
are that the ratio of material to liquid is 1:15 (g/mL), and it is ultrasonicated for 30 min
under the power of 280 W at 40 °C. The oil yield was similar to that of traditional Soxhlet
extraction. Obtained samples were stored in the dark at —20 °C for further analysis.

2.4. Oil Content Analysis

Calculating the oil content of fresh weight and dry weight was carried out according
to the following formula:

Oil content (DW) (%) =my x 100/m;

Qil content (FW) (%) = Oil content (DW) x (1 — moisture (%))

m;: extract (g)
my: olive powder (g)

2.5. Fatty Acid Composition Analysis

The analytical method used for fatty acid composition conformed to the (COI/T.20/Doc.
No 33/Rev.1 2017) [12] with slight modification. Each fatty acid methyl ester standard
was prepared into the mixed standard solution of 5 mg/mL, and retention time and the
correction factor of each fatty acid methyl ester were determined, respectively. Fatty acid
methyl esters (FAMEs) were prepared with KOH-methanol solution (0.4 M). FAMEs stan-
dard mixtures were analyzed by gas chromatography flame ionization detector (GC-FID)
(Agilent 6890N, Santa Clara, CA, USA) fitted with a capillary column (HP-88 30 m x 0.25
mm i.d. x 0.2 um). GC conditions were as follows: nitrogen was used as carrier gas at the
flow of 1 mL/min; injection volume: 1 uL; split ratio: 1:50; temperature program: initial
temperature 100 °C, hold for 0.5 min, then ramp to 194 °C at 30 °C/min and held for 3.5
min, and finally increased at 5 °C/min to 224 °C and held for 1 min. The temperatures of
the injection port and detector were maintained at 250 °C.

2.6. Triacylglycerol (TAG) Analysis

A total of 5 mg of oil sample was dissolved in 1 mL n-hexane, a certain amount of
MMM was added as internal standard, and then the sample and internal standard were
diluted with methanol/acetonitrile (50/50, v/v) to 25 ug/mL and 5 ug/mL, respectively.

The Ultimate 3000 (Thermo Fisher Scientific, Waltham, MA, USA) equipped with
TSQ Altis mass spectrometry (Thermo Fisher Scientific, Waltham, MA, USA) was used in
this study. The separation process was conducted at 35 °C on the InfinityLab Poroshell
120 Phenyl Hexyl column (i.d. 150 x 3.0 mm, 2.7 pm, Agilent, Santa Clara, CA, USA) with
the mobile phase consisting of Phases A and B (v/v). Solvent A is acetonitrile, and solvent
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B is methanol. The gradient elution mode was as follows: starting at 50%B and holding for
2 min, then increasing linearly to 90%B at 7.2 min, then increasing linearly to 95%B at 9.8
min, and finally decreasing to 50%B at 11 min and holding for 5 min. The flow rate was
maintained at 0.3 mL/min—injection volume: 5 pL.

The conditions of TSQ Altis (Thermo Fisher Scientific, Waltham, MA, USA) mass
spectrometer are as follows: ESI mode, positive; collision energy, 3500 V; Ion Transfer
Tube Temperature, 325 °C; Vaporizer Temperature, 350 °C; sheath gas, 50 Arb; mass range,
100-950 m/z; and the MRM mode was used for quantification of TAGs. The ion pair
parameters of molecular ions and fragment ions of each compound to be tested were set.
The compounds to be tested were identified as 13 kinds by pre-experiment. The maximum
peak area of the corresponding ion pair of each compound was selected for quantitative
analysis, and the peak area ratio (analyte area/L.S. area) was used for quantitative analysis
of triacylglycerols. The abbreviations for fatty acids used on the glycerol skeleton were Po
for palmitic acid, L for linoleic acid, Ln for linolenic acid, O for oleic acid, P for palmitic
acid, and S for stearic acid.

2.7. Data Processing

GC data were obtained from 85 olive oil varieties and processed by Chemstation
(Agilent). The obtained UPLC-ESI-MS/MS data were processed by Xcalibur (Thermo
Fisher, Waltham, MA, USA). A total of 255 observations from 2021 to 2022 (from 85 samples
in 3 replicates) were analyzed and compared by software that aligned the peaks of all
observations based on retention time and masses of extraction. GC chromatogram and total
ion chromatogram were plotted by OriginPro 2021 with data derived from Chemstation
(Agilent) and Xcalibur (Thermo Fisher, Waltham, MA, USA), respectively. A data table
containing the sample name, retention time, extracted mass, and peak area was generated.
All fatty acids and triacylglycerols data were normalized. Principal component analysis
(PCA) was performed to visualize the trends in the data. To ensure the integrity of the
samples, no outlier detection was performed on the data. The relationship between samples
was determined using Ward’s hierarchical clustering method based on the Euclidean
distance between varieties in the tree diagram. Heatmaps were used to further visualize
differences between sample groups.

2.8. Statistical Methods

All experiments were repeated three times, expressed as mean + standard devia-
tion (SD). SPSS 26.0 software (IBM, Armonk, NY, USA) was used to process the data,
and the Tukey test was evaluated. When p < 0.05, ANOVA test statistics showed sig-
nificant differences. PCA was carried out by SIMCA 14.1 (Umetrics, Umea, Sweden).
The hierarchical cluster analysis and heatmap were conducted by MetaboAnalyst 6.0
(https:/ /www.metaboanalyst.ca/ accessed on 8 January 2024).

3. Results and Discussion
3.1. Oil Content

Table 2 describes the flesh oil content (fresh weight, FW) (%) and dry weight (DW)
(%) of 85 olive species. The oil content on DW of 85 monovarietal olive oil ranged from
32.14% to 58.69%, and there was a significant difference between different varieties (p <
0.05). The oil content of most of the introduced varieties (except for a few self-developed
hybrid varieties in China) for oil use is similar to that of the country of origin. Among
them, the oil content of the dried fruit of the representative introduced varieties, such as
Samples 16 (Coratina), 1 (Picual), 7 (Koroneiki), and 32 (Arbequina) are between 50% and 60%,
which is higher than that of the results reported in the country of origin. The oil content
of the fresh fruits is between 18% and 20%, which is similar to the results reported in the
country of origin [13,14], but the oil content of dry weight is higher than the data reported
in Longnan, Gansu [15]. This may be related to the difference in water content caused by
regional and climatic conditions. It has been reported in the literature that higher water
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content is not conducive to the accumulation of oil [16]. Figure 1 shows the temperature
and precipitation of Liangshan Prefecture in Xichang in 2021, which indicates that abundant
precipitation and suitable temperature are conducive to the accumulation of water and
indirectly reduce the oil content of olive fruit. The varieties such as Samples 13 (Imperial)
(73.83%) and 4 (Hojibulanca) (70.72%) in this study have a higher water content and poorer
oil content (FW%) compared with other varieties (p < 0.05). According to Chinese forestry
standards (LY /T 1532-1999 [17] and LY /T 1532-2021 [11], China), fresh fruit of olives can be
graded in 3 levels according to maturity and oil content, which can be used as a guidance
for the suitable harvest time and potential oil extraction use of each variety. The fruit
quality of the first-grade oil varieties was the best, and the fruit quality of the third-grade
oil varieties was the worst. As shown in Table 2, Samples 32 (Arbequina), 45 (ors), and
48 (cds), which are the representatives of Grade 1 fruit, showed better quality of fresh
fruit for oil use. It is worth noting that Samples 58 (Royeta de asque), 26 (Yuntai), 52 (Ezhi),
and other varieties are excellent in oil content, and hybrid varieties such as Samples 37
(XiYou-1) and 26 (Yuntai) have good fresh fruit oil content. In particular, Sample 26 (Yuntai)
(22.34%), native to Lianyungang, Jiangsu Province, shows good adaptability, which can be
further explored and cultivated as a good variety. On the other hand, Samples 1 (Picual),
7 (Koroneiki), 16 (Coratina), and so on have less than a 2 maturity index among Grade 3
fruit, but the oil content of these varieties has reached the requirements of first-grade olive
varieties. Therefore, crop managers must adjust the harvest time of these varieties to ensure
the quality of olive fruit.

Table 2. Fresh fruit grade and oil content of 85 olive varieties.

Sample Cultivar Grade DW (%) FW (%) Sample Cultivar Grade DW (%) FW (%)
1 Picual 3 52.89 £ 090  20.07 £ 0.90 44 Yunza 1 4029 +£020 15.81 +0.20
2 Biaocoline 3 5002 +0.15 16.80 + 0.15 45 Ors 1 52954036 22.21 + 0.88
3 Frantoio 3 54314038  20.70 + 0.38 46 San agostino 2 5204+ 072 20.37 £ 0.65
4 Hojiblanca 2 4863+ 051 1424 £ 051 47 Telsmani 1 4705+ 026  17.49 + 0.84
5 Verdale 3 47114080  14.73 + 0.80 48 Cds 1 42144050  19.98 + 0.26
6 Garsaguenio 3 42824063 13.61 £ 0.63 49 Brintian 1 5239 + 033  18.54 & 0.23
7 Koroneiki 3 51294147 1797 + 147 50 Round Green 1 4859+ 054 1872 + 0.66
8 Pizzacarroga 3 4784102 1226 +1.02 51 Nabli salfit 3 47674054  17.39 + 0.14
9 Rama 3 5240 £ 0.65  19.99 £ 0.65 52 Ezhi 3 5475+ 0.56  21.81 & 0.23
pendula
Nieda di
10 qonmo 1 4987 +182 1532+ 1.82 53 Zhongze-2 2 3474 +043  10.85 + 0.15
11 Leccino 2 51624027 21.20 £ 027 54 Zho”zg;h””' 3 4557 +£0.15 14.80 + 0.33
12 Cornicabra 3 53.63 £027 19.39 +0.27 55 Zhongze-3 1 3521+ 055 10.34 & 0.33
13 Tmperial 2 5147 +0.68 1347 + 0.68 56 Zhongze-11 2 35214061  7.85+ 0.59
14 Sikitita 3 4950 £021 1590 +0.21 57 Grossane 1 46.64+£050 18.37 + 0.94
15 Macho de 2 42514044  12.66+0.44 58 Royeta de 2 5248 +049 3157 +0.17
jaen asque
16 Coratina 3 5449 +0.80  19.90 £ 0.80 59 Gordal del 1 53.80 £ 0.38  22.45 £ 0.68
somontano
17 Barnea 51.67 £ 028  17.74 + 0.28 60 Albarate 1 5542 + 046  27.96 & 0.56
18 F rgz:;’;’lide 3 42424025 17.81+0.25 61 Alia 2 51.13 + 043  15.22 + 0.39
19 Ottobratica 3 50.95+0.16  16.68 + 0.16 62 M;ﬂ”;g;fo 1 50.67 £ 059  16.84 + 0.54
Dolce di .
20 s 3 45944042 15114042 63 Segoise 1 5031+ 0.69  18.18 & 0.56
21 Rol 3 4596 £020 1520 £ 0.20 64 Morisca 3 4387 £ 058 1440 + 0.29
22 Lecln 3 5052+ 098  13.48 + 0.98 65 TSZ;’;:’ 3 4565+ 059  14.90 + 0.45
23 Acebuche 3 3578 £0.68 13.25 + 0.68 66 Ganino 1 5374 +039  18.02 +0.12
24 Rob 1 4447 4052 1348 +0.52 67 Surani 1 37.68 £ 1.08  10.83 & 0.48
25 Canino 3 4764 £1.02 1464 +1.02 68 San fraciso 1 4517 £053  19.26 +0.78
26 Yuntai 3 53.03 4+ 070  22.34 + 0.70 69 Misn 1 4169+ 074  13.66 + 0.43
27 Zhongze-7 1 4397 039  15.46 + 0.39 70 Azappa 3 4120+£092 1456 +0.92
28 Pico limon 2 46.07 £0.02  16.08 £ 0.02 71 Giarffa 3 4276 £1.04 1459 +0.38
29 Chemlal de 3 4816 £0.89  16.86 + 0.89 72 Piangent 1 5645+ 045  19.58 + 0.40

Kabylie
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Table 2. Cont.

Sample Cultivar Grade DW (%) FW (%) Sample Cultivar Grade DW (%) FW (%)
30 Lg‘;’;’i’;l:e 3 39.15+1.01 1533 + 1.01 73 Gemlek 1 54.86 +0.61 2538 + 0.91
31 Nevlbdly 3 45154+ 063  13.33 + 0.63 74 Amﬁfgi"l“’ 3 41244061 13.09 £ 0.13
32 Arbequina 1 58.69 £ 047  18.46 & 0.47 75 Busta 1 5283+ 017 17.76 4 0.82

Morisca
33 Kalamata 3 5042 + 117 1771 +1.17 76 lggfl‘;z; 3 50.70 + 0.63  16.12 + 0.42
34 Arbosana 3 5376 £022  18.03 + 0.22 77 Cuico 2 4729 +£024  12.53 +0.23
35 Togisca 3 4936 +£020 1674 £ 0.20 78 Memeli 1 51.68 £0.38  20.73 +0.18
36 Picholine 3 38024034  12.69 + 0.34 79 Moraiolo 3 4977 +£132 1942 + 031
Languedoc
37 XiYou-1 1 48744039  18.02 + 0.39 80 A;;ZZZ“ 1 54.06 + 0.61  24.98 & 0.58
38 Cobrancosa 3 4258 £046  14.39 +0.46 81 Jiufeng 3 4591 £0.61 18134+ 0.37
39 Pendolino 2 3735+1.04 1218 + 1.04 82 Codovil 1 4878 £ 047  13.89 + 0.25
40 Huyete 2 41304016 1579 + 0.16 83 Berat 1 5261+ 052  22.33 £ 0.43
41 Me ssoon 1 4010 £0.83 1322 £ 0.83 84 Chengqu32 2 4391+ 042 1558 + 0.81
4 Zhanglin 1 3214 £0.08  12.43 + 0.08 85 Chenggus3 2 42844069 12.84 +0.12
43 Leucocarpa nd 4650 +0.11 1619 +£0.11
Ovoid

All the values in the table are mean = standard deviation, and there are significant differences in the same column
of data through the ANOVA test (p < 0.05).

3.2. Fatty Acid Composition

The fatty acid composition can be used as an essential index to evaluate the nutritional
quality and stability of olive oil. This characteristic is commonly applied for building
fingerprints, which provide a basis for the identification of olive varieties used in the
production, quality evaluation, and detection of adulteration and fraud in olive oil. The
distribution of fatty acids in olive oil is frequently influenced by a variety of factors,
including fruit maturity, climate, latitude and origin, and genetic factors.

The results presented in Table 1, Appendix A illustrate significant differences in fatty
acids between different varieties (p < 0.05), and Figure 2 illustrates the gas chromatogram
of the olive oil sample. Twelve types of fatty acids were detected in oils from 85 olive
cultivars. Oleic acid (C18:1), linoleic acid (C18:2), and palmitoleic acid (C16:1) are the major
unsaturated fatty acids, palmitic acid (C16:0) and stearic acid (C18:0) are the main saturated
fatty acids. Other fatty acids were present in low amounts (<1%), with heptadecenoic acid
being the lowest. Except for the low oleic acid content in Samples 10 (nieda di gonno), 4
(Yunza) and 84 (Chengu32), the fatty acid compositions of all samples perfectly meet the
norm established for EVOO (COI/T.15/NC.No.3/Rev.19/2022) [18]. The results of this
study indicated that cultivars were an important factor affecting the composition of fatty
acids in olive oil, which was consistent with the previous report [19]. The distribution and
relative proportion of fatty acids of all varieties were consistent with previous reports [7,20,
21]. a-linolenic acid exerts an inhibitory effect on the activation of immune cells in both
innate and adaptive branches and can be used as a specific immune repressor to promote
the immune function of immune cells [22]. It was worth noting that the linolenic acid
content of Samples 55 and 56 (Zhongze-3 and Zhongze-11) was significantly higher than that
of other varieties (p < 0.05), and these 3 varieties were native-bred. These varieties can be
further explored because of their own specific functional components.

Mono-unsaturated fatty acids (MUFA) play an essential physiological function in
preventing cancer, inhibiting chronic inflammation, and alleviating diet-induced insulin
resistance and liver inflammation, while polyunsaturated fatty acids (PUFA) play an essen-
tial role in reducing fat accumulation, inhibiting inflammatory response, and improving
insulin sensitivity [23-26]. The content of MUFA and PUFA has been regarded by scholars
in many countries as an essential index to evaluate the quality of olive oil. As seen in
Table 1, Samples 33 (Kalamata), 30 (Lechin), and 7 (Koroneiki) and the other six varieties
have the highest MUFA content (more than 75%) but low PUFA content. The oleic acid
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content of sample 33 (Kalamata) (79.37%) was significantly higher than that of its Lebanon
counterpart (68.08%) [27]. Samples 44 (Yunza), 84 (Chenggu 32), and 10 (nieda di gonno)
showed high PUFA content (about 20%) but low MUFA content. As excellent foreign
varieties and widely planted in China, Sample 32 (Arbequina) showed significantly lower
oleic acid content (59.78%) than that of its California counterpart (69.10%), but its linoleic
acid content (13.08%) was higher than that of California (10.80%) [28]. Compared with
the provenance, oleic acid content (76.70%) and palmitic acid content (12.02%) of sample 7
(Koroneiki) were similar (76.70%), but linoleic acid content was slightly lower than that of
the original origin (6.09%), indicating that sample 7 (Koroneiki) had good environmental
adaptability. On the one hand, the ratio of MUFA to PUFA is a potential indicator to
evaluate the stability of olive oil. In this study, the MUFA and PUFA ratios of oil from some
varieties, including Samples 12 (Cornicabra), 31 (Lechin), 11 (Leccino) etc. were above 20,
suggesting that they might have better oxidation stability than oils from other varieties [29].
This may be more conducive to the preservation of olive oil, prolonging its shelf life. On
the other hand, omega-3 versus omega-6 polyunsaturated fatty acids have been reported
to help reduce the risk of cardiovascular disease and relieve skin inflammation [30,31].
The optimal ratio of omega-6 to omega-3 polyunsaturated fatty acids recommended by
the WHO was between 4:1 and 6:1. In this study, 11 kinds of olive oil, including Samples
31 (nevlbdly), 62 (manzanicco de bierge) and 1 (Picual) are in the optimum range, so they
have potential in the development of functional oils. Moreover, long-chain saturated fatty
acids have been identified as major contributors to diet-induced hypothalamic dysfunction,
which leads to obesity [32,33]. Therefore, varieties such as Samples 42 (Zhanglin) and 10
(Nieda di gonno), which contain SFA more than 20%, are not recommended as high-quality
olive oil.
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Figure 2. Gas chromatogram of olive oil Sample 7 (Koroneiki) after derivatization.

In addition to the imported varieties, we also found that the locally bred varieties,
such as Samples 26 (Yuntai) and 37 (XiYou-1), had excellent characteristics. They have a
higher ratio of MUFA to PUFA and MUFA content than other local varieties. The ratio of
omega-6 to omega-3 polyunsaturated fatty acids of Samples 55 (Zhongze-3) and 52 (Ezhi) are
in the optimum range, indicating that they might exert potential health benefits. From the
perspective of health and germplasm resource cultivation, these varieties had cultivation
and popularization values.

3.3. Triacylglycerol (TAG) Profiles

TAG is an important index for distinguishing different kinds of edible oils and deter-
mining the quality and purity of olive oils [34]. In the present study, the relative proportion
of fragment ions in triacylglycerols and the steric hindrance effect of Sn-2 fatty acids were
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used to conduct the identification of triacylglycerols [35]. Here, quantitative results ig-
nore the differences due to regional isomers. Table 2 listed the individual TAGs of the
85 samples, and 13 kinds of triacylglycerols were determined. Figure 3 demonstrates the
separation of olive oil samples by UPLC-MS/MS. There was no difference in the distribu-
tion of triglycerides among 85 varieties of olive oil, but there were significant differences
in the contents of triglycerides among all varieties (p < 0.05). OOO (glyceryl trioleate),
OOQOP (1-oleic acid-2-oleic acid-3-palmitic acid glycerides), and OOL (1-oleic acid-2-oleic
acid-3-linoleic acid glycerides) were the main three triacylglycerols with the content of
27.47-43.14%, 16.13-21.34%, and 5.70-15.12%, respectively. However, the contents of OLnO
(1-oleic acid-2-linolenic acid-3-oleic acid glycerides), POLn (1-palmitic acid-2-oleic acid-3-
linolenic acid glycerides), and POS (1-palmitic acid-2-oleic acid-3-stearic acid glycerides)
were relatively low, with values of 0.54—4.47%, 0.96-3.28% and 1.07-3.69%, respectively. The
content distribution of triacylglycerols was consistent with related literature reports [36,37].
The presence of a high 1,2,3-trioleylglycerol (OOO) level in olive oil is a favorable authen-
ticity indicator [38]. Meanwhile, OOO roughly reflects the oleic acid and oil quality of the
cultivars, which was closely associated with MUFA level and the potential health effects.
Samples 30 (Lechin), 33 (Kalamata), and 7 (Koroneiki) have significantly higher OOO content
than other varieties (p < 0.05), and the results of these varieties are similar to those reported
in different regions [39,40]. The contents of OOP and OOL in these varieties were higher
than that of other local varieties, such as Samples 52 (Ezhi) and 44 (Yunza) (p < 0.05), but
lower than that of varieties in Morocco [41], which might be attributed to the different
climatic and soil conditions in the two regions. However, some excellent varieties abroad,
such as 16 (Coratina) and 19 (Ottobratica), showed poor performance in the Liangshan region.
The content of OOO in both of them was much lower than that reported abroad (48.25%),
but OOL was significantly higher than that reported abroad [42], indicating that the region
affected the composition and content of TAGs significantly. In addition, it was reported
that the oxidation stability of n-3 long-chain polyunsaturated fatty acids (LC-PUFA) at the
Sn-2 position was better than that at the Sn-1,3 position or random distribution state [43].
The results showed that the OLnO of samples 55 (Zhongze-3), 1 (Picual), 12 (Cornicabra),
and 30 (Lechin) had significantly higher LC-PUFA than that of other varieties (p < 0.05),
suggesting the oxidation stability of these oils might be better.
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Figure 3. Total ion chromatogram of olive oil Sample 7 (Koroneiki) separated by UPLC-MS/MS.
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Furthermore, it could be seen that unsaturated fatty acids were more likely to attach
to the Sn-2 site of the glycerol skeleton, and saturated fatty acids were more likely to attach
to the Sn-1(3) site of the glycerol skeleton in olive oil. This can provide a reference for the
study of the position of fatty acids in the glycerol skeleton and the digestive and nutritional
characteristics.

3.4. Principal Component Analysis

Because either fatty acids or triacylglycerols can only represent one aspect of the
quality characteristics of oils, we further use principal component analysis to capture
the main factors affecting quality indexes of olive o0il and master the specificity of 85
samples macroscopically. PCA was performed based on the obtained data to reveal the
distribution of the samples. It mainly included 30 quality indicators, including palmitic
acid, oleic acid, linolenic acid, MUFA /PUFA, OLL, POL, etc. The bioplot of the principal
component analysis of samples is shown in Figure 4. The first principal component (PC1)
accounted for 63.9% of the variance, which presents high loadings for indicators MUFA,
C18:1, MUFA /PUFA, and OOQ; the second principal component (PC2) accounted for
14.0% of the variance, which presents high loadings for indicators OOL, n-6/n-3, PLL and
PUFA. The two components with high variance contribution (i.e., PC1 and PC2) collectively
explained 77.9% of the variance. The results of this study are consistent with previous
reports in the Turkish region [44]. From the bioplot, the principal component scores of
Samples 11 (Leccino), 12 (Cornicabra), 26 (Yuntai), and 30 (Kalamata) were mainly at the high
level of PC1, indicating that the contents of C18:1, MUFA, and OOO were rich in the above
varieties. The principal component scores of samples 8 (pizzacarroga), 28 (Pico limon), and
41 (Mc ssoon) appear to be more concentrated at high values of PC2, suggesting that a
high level of PLL, OOL, and n-6/n-3 in the above breeds. In particular, high levels of PC1
and low levels of PC2 in samples 12 (Cornicabra), 31 (nevlbdly), and 52 (Ezhi) indicated rich
contents of C18:1, MUFA, and OOO, but low levels of PLL, OOL, and n-6/n-3. We noticed
that the prevailing MUFA and PUFA in these varieties showed a negative relationship,
which is consistent with previous reports [45]. Some literature reported that oleic acid is
formed first in the biosynthesis of fatty acids in olives and then converted into linoleic acid
during fruit ripening [46]. In addition, MUFA, C18:1, OOO, and other indicators are in a
compact position, indicating that the indicators are positively correlated. In addition, the
positive correlation between palmitic acid and palmitoleic acid between heptadeconic acid
and heptadecenoic acid found in most varieties can also be visualized in Figure 4.
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Figure 4. Biplot presentation of 85 samples scores on first 2 principal components, and the loadings of
the 30 fatty acid and triacylglycerol indexes of olive oil samples, by varieties. Loadings and samples
are distinguished by different colors, green triangles represents the loadings, the orange hexagon
represents the varieties.
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Although they were taken from the same origin, the maturity of each variety in the
same harvest period was different. Therefore, this result only reflects the differences and
similarities of functional components among different varieties [47].

3.5. Hierarchical Cluster Analysis and Heatmap

The above analysis was not able to categorize the different olive oils and clearly
characterize the associations among the varieties. To further screen high-quality olive
varieties, Ward clustering was used to group different varieties according to variable
characteristics. The result is shown in Figure 5. When the Euclidean square distance is
30, the samples could be divided into three groups. There are 36 species in Group A,
represented by Samples 7 (Koroneiki) and 33 (Kalamata); 9 species in Group B, represented
by Samples 1 (Picual) and 26 (Yuntai); 40 species in Group C, represented by Samples 10
(nieda di gonno) and 42 (Yunza). To further visualize the differences between each group and
refine the quality characteristics of each group of olive oil varieties, we make each group of
data into a heatmap. As shown in Figure 6, hierarchical cluster analysis clearly divided
the 85 samples into three groups: A, B, and C. The main characteristics of Class A, which
clustered 36 varieties, were high oleic acid, MUFA, eicosenoic acid, OOO, and OOL contents
(p < 0.05) but rare palmitoleic acid, SFA, and POP levels. Class B contained 9 species of
olive, with the main characteristics of high oleic acid, linolenic acid, MUFA, MUFA /PUFA,
SFA, and OLnO contents (p < 0.05), but low in linoleic acid, PUFA, and PLL levels and
ratio of omega-6 to omega-3 polyunsaturated fatty acids. The main features of Class C,
which clustered 40 varieties, are high linoleic acid and polyunsaturated fatty acid levels (p
< 0.05) but low ratio of oleic acid, MUFA, OOO, MUFA /PUFA, and the ratio of omega-6 to
omega-3 polyunsaturated fatty acids. Therefore, varieties of Class A have no significant
deficiencies in fatty acid composition and ratio but a balanced overall quality index and
are suitable for producing olive oil. Varieties in Class B have better oxidation stability,
and although the PUFA is not outstanding, they are suitable for producing high-quality
olive oil from the perspective of nutrition and health. Varieties in Class C possess rich
polyunsaturated fatty acids. Although the ratio of omega-6 to omega-3 polyunsaturated
fatty acids is not reasonable, we can use them as functional oils to develop the right ratio of
fatty acids by combining them with other vegetable oils rich in polyunsaturated fatty acids.

Combined with the oil content (FW) (%) of 85 varieties, we suggested four distin-
guished varieties in Class A, including Lechin, Coratina, Koroneiki, and Arbosana; three
distinguished varieties in Class B, including Picual, Ezhi, and Cornicabra; two distinguished
varieties in Class C including Frantoio and Arbequina as the objects of large-scale cultivation
by Chinese breeders.

It is worth noting that some locally bred specific varieties, such as Zhongze-3 and
Zhongze-11, have incomparable linolenic acid, and Yunza and Chenggu32 have extremely
prominent linoleic acid, etc. Due to the low oil content, their application is limited. From
the point of view of functional oil, olive breeders can expand their production scale and
develop unique formulas for olive oil to meet the needs of consumers.
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Figure 5. Dendrogram of the 85 x 30 sample matrix using the Euclidean distance as a similarity
measure and the Ward clustering algorithm. The distance is positively correlated with the dissimilarity

of samples.
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Figure 6. Heatmap for the 30 fatty acid and triacylglycerol indexes and HCA for selected 85 olive
samples from Liangshan region, China, where the three groups correspond to the groups in the
cluster analysis (Figure 5), respectively.

4. Conclusions

In summary, GC, UPLC-ESI-MS/MS, and chemometrics analysis were used to char-
acterize the fatty acids and triacylglycerols of 85 olive oil varieties from the Liangshan
region of China. The results showed that 85 varieties of olive oil showed no difference
in the type of fatty acid compositions and distribution of triglycerides, but they varied
greatly in the oil content relative to the proportion of fatty acids and triglycerides. This
difference is mainly determined by the diversity of varieties. By combining PCA and cluster
and heatmap analysis, 85 samples could be grouped into three categories with different
characteristics. In brief, Group A included 36 varieties characterized by high oleic acid,
MUFA, eicosenoic acid, OOO, and OOL contents but rare palmitoleic acid, SFA, and POP
levels. Group B contained 9 species of olive, with the main characteristics of high oleic acid,
linolenic acid, MUFA, MUFA /PUFA, SFA, and OLnO contents, but low in linoleic acid,
PUFA, PLL levels and ratio of omega-6 to omega-3 polyunsaturated fatty acids. Group
C comprised 40 varieties, identified by high linoleic acid and polyunsaturated fatty acid
levels but the low ratio of oleic acid, MUFA, OOO, MUFA /PUFA, and the ratio of omega-6
to omega-3 polyunsaturated fatty acids. They were combined with the oil content (FW)
(%) of 85 varieties. The results suggested four distinguished varieties in Group A, namely
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Lechin, Coratina, Koroneiki, and Arbosana; three distinguished varieties in Group B, namely
Picual, Ezhi, and Cornicabra; three distinguished varieties in Group C, namely Frantoio and
Arbequina; and some locally bred specific varieties such as Zhongze-3 and Yuntai, which had
large-scale cultivation and popularization values in China. Studies on bioactive compounds
such as polyphenols, tocopherols, and sterols need to be carried out in the future to further
evaluate the quality of EVOO from multiple perspectives.
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Appendix A
Table 1. Fatty acid composition (%) of 85 oil samples from olive cultivars grown in Liangshan, China.
Sample Cultivar C16:0 C16:1 C17:0 C17:1 C18:0 C18:1 C18:2 (n-6) C18:3 (n-3) C20:0 C20:1 C22:0 C24:0 SFA MUFA PUFA M/P n-6/n-3
1 Picual 14.86 + 0.49 1.18 £0.09 0.05 £ 0.00 0.08 £0.01 1.84 +0.04 74.78 £0.27 3.69 £ 0.11 0.70 £ 0.02 0.33 £0.01 0.24 £0.01 0.08 £0.01 0.06 £ 0.00 17.22 +0.62 76.29 £0.59 4.39 £0.03 17.37 £ 0.05 5.29 £0.03
2 Biaocoline 13.15 4 0.57 0.79 £ 0.04 0.03 £ 0.00 0.07 £ 0.00 1.14 4+ 0.02 72.85 £ 0.39 5.94 4 0.16 0.64 £ 0.02 0.29 £0.01 0.31 £ 0.00 0.09 £ 0.01 0.06 £ 0.01 14.77 £0.20 74.02 £0.20 6.57 £0.01 11.26 4 0.03 9.33 £0.07
3 Frantoio 14065063  061+006  004+000 0094000 1224002  6840£026 923020 067001 0352002  035£001  010£000  008+001 158508 69454070 990012 702000  13.69+008
4 Hojiblanca 14.59 +0.33 0.66 =+ 0.02 0.13 £ 0.00 0.22 £ 0.00 1.99 £+ 0.02 70.57 +0.56 8.04 = 0.06 0.90 £ 0.02 0.37 £0.01 0.27 £0.01 0.09 +£0.01 0.06 + 0.00 17.23 +0.40 7172 £0.35 8.94 £ 0.05 8.02 £ 0.00 8.91 +£0.04
5 Verdale 10.71 £ 0.02 0.49 £ 0.00 0.04 £ 0.00 0.07 £ 0.00 1.10 £ 0.01 71.43 £0.40 8.45 £ 0.05 0.96 £ 0.01 0.24 £0.01 0.28 £ 0.00 0.07 £ 0.00 0.06 £ 0.01 12.20 £ 0.83 7226 £0.75 9.42 £0.08 7.68 £0.02 8.77 £0.01
6 Garsagvenio 9.54 £ 0.62 0.46 £ 0.03 0.03 £ 0.00 0.06 £ 0.01 1.10 £ 0.02 72.80 £ 1.09 717 £0.21 0.92 £0.03 0.23 £ 0.00 0.27 £ 0.00 0.06 £ 0.00 0.05 £ 0.00 11.01 £ 0.39 73.59 £0.36 8.09 £0.03 9.10 £ 0.02 7.82 £0.02
7 Koroneiki 1226 £0.17 0.58 +0.01 0.05 + 0.00 0.08 £ 0.00 1.85 £ 0.00 7572 £0.28 4.40 +0.03 0.60 + 0.01 0.39 £+ 0.00 0.29 £+ 0.00 0.11 £+ 0.00 0.07 £+ 0.00 1472 £0.12 76.66 £ 0.12 5.00 £ 0.00 15.32 +0.02 7.35+0.05
8 Pizzacarroga 1144011 062+002  004+000  008+£000 109001  6477£047 1073+013  103£002 0312001 0294000  008+000  007+000 1303000 6576003 1175£003 560001  10.44:+005
9 Rama pendula 12.92 £ 0.72 0.28 £ 0.01 0.05 £ 0.00 0.06 £ 0.00 1.31 +£0.02 66.75 £ 1.14 9.83 £ 0.22 1.01 £0.03 0.27 £ 0.00 0.27 £ 0.00 0.06 £ 0.01 0.04 £ 0.00 14.64 =043 67.36 £0.37 10.84 & 0.06 6.21 £0.01 9.77 £ 0.06
10 Nieda di gonno 16.15 +2.12 1.14+0.17 0.12 £0.01 0.28 £ 0.02 1.38 +0.01 51.35£0.72 18.73 + 0.42 0.71 £0.02 0.35 £ 0.02 0.24 £0.01 0.10 £0.01 0.07 £0.01 18.16 + 0.85 53.01 £0.62 19.454+0.23 2.73 £0.01 26.31 £0.04
11 Leccino 10.47 £0.17 0.75 £ 0.01 0.03 £ 0.00 0.06 £ 0.00 1.00 & 0.01 76.65 £ 0.60 3.2240.04 0.48 £ 0.01 0.23 £ 0.00 0.26 £ 0.01 0.06 £ 0.00 0.04 £ 0.00 11.84 + 0.05 77.73 £0.06 3.70 £0.01 20.99 £ 0.04 6.72 £ 0.05
12 Cornicabra 1329 £0.14 1.12 £0.02 0.04 £+ 0.00 0.07 £ 0.00 2.08 £+ 0.02 7524 £0.59 214 +0.01 0.59 +0.01 0.37 £ 0.03 0.24 £+ 0.00 0.12 £+ 0.00 0.08 £ 0.00 15.98 £ 0.26 76.67 £ 0.26 2.73 +0.00 28.06 £ 0.08 3.63 +0.04
13 Imperial 13.00 +0.79 1.13 +0.08 0.08 £ 0.00 0.17 £ 0.01 1.39 +0.02 60.38 £+ 0.69 10.98 +0.19 0.63 £+ 0.01 0.36 £+ 0.01 0.22 £ 0.00 0.09 £ 0.00 0.08 £ 0.01 15.00 + 0.66 6191 +0.52 11.61 +0.14 5.33 +£0.00 17.54 +0.10
14 Sikitita 14.46 £ 0.13 0.83 £0.01 0.04 £ 0.00 0.08 £ 0.00 1.13 £ 0.02 63.66 £+ 0.90 9.96 £ 0.21 0.77 £ 0.02 0.29 £0.01 0.28 £ 0.00 0.08 £ 0.00 0.06 £ 0.00 16.06 = 0.44 64.85 +£0.32 10.74 £ 0.11 6.04 £0.02 12.89 £ 0.08
15 Macho de jaen 11.31 £ 0.40 0.49 £ 0.02 0.11 £ 0.00 0.17 £0.01 1.814+0.03 71.04 £ 1.06 711 £0.15 0.74 £ 0.02 0.34 £0.01 0.24 £0.01 0.08 £0.01 0.05 £ 0.00 13.70 £ 0.26 7193 £0.24 7.85 £ 0.02 9.16 £0.01 9.60 £ 0.02
16 Coratina 11.454+0.14 0.35 £ 0.01 0.04 £ 0.00 0.07 £ 0.00 1.20 +0.01 72.73 £0.58 6.24 +0.08 0.65 £ 0.02 0.32 £0.01 0.38 £ 0.00 0.09 £ 0.00 0.06 £ 0.00 13.17 £ 0.01 73.52 £0.03 6.88 £ 0.03 10.69 £ 0.03 9.67 £0.05
17 Barnea 8654018  048+001  004+000  006+£000  135+£001 72074025 740006 059001  031£000 0214000  010+000  006+000 1051015 7283015 799001 912002  1258+002
18 Frantoio de Corsini 15.17 £ 0.25 1.31+£0.02 0.04 £ 0.00 0.09 £ 0.00 1.09 +0.01 64.26 £0.72 9.30 +0.14 0.79 £ 0.02 0.30 £ 0.00 0.28 £ 0.00 0.09 £0.01 0.06 + 0.00 16.76 + 0.02 65.93 £ 0.03 10.09 & 0.01 6.54 £ 0.00 11.80 & 0.04
19 Ottobratica 12.42 £ 043 0.90 £ 0.04 0.10 £ 0.00 0.18 £ 0.00 1.27 +£0.01 65.84 £0.37 8.44 +£0.08 0.43 £ 0.00 0.34 £ 0.00 0.27 £0.01 0.12 £ 0.00 0.08 +£0.01 14.33 £ 0.35 67.19 £0.31 8.87 £0.05 7.58 £0.00 19.49 £ 0.07
20 Dolce di Morocco 11.98 £0.23 0.61 £ 0.01 0.04 £ 0.00 0.08 £ 0.00 1.02 4 0.00 66.35 £ 0.09 9.11 £ 0.00 0.64 £ 0.00 0.28 £ 0.00 0.30 £ 0.00 0.09 £ 0.00 0.05 £ 0.00 13.47 £1.33 67.33 £ 0.42 9.75 £0.91 6.91 £0.33 14.24 £ 0.08
21 Rol 11.31 £ 0.46 0.49 £ 0.02 0.04 £ 0.00 0.08 £0.01 1.354+0.01 72.35 £ 0.46 10.63 £ 0.02 1.00 £ 0.00 0.27 £0.01 0.35 £0.01 0.07 £ 0.00 0.04 £ 0.00 13.07 £ 0.49 73.27 £047 11.63 4 0.02 6.30 £ 0.03 10.63 £ 0.08
22 Lecln 13.12+0.79 0.97 +0.07 0.04 +0.00 0.08 £ 0.00 1.27 £0.06 73.32 £1.08 543 +0.11 0.73 +0.02 0.30 £ 0.00 0.33 +0.01 0.08 £ 0.00 0.05 £+ 0.00 14.86 +0.56 74.70 £ 0.52 6.17 +0.04 12.11 +0.02 7.40 £+ 0.05
23 Acebuche 14.85 + 0.59 0.53 £ 0.04 0.19 £ 0.00 0.41 £0.01 1.22 4+ 0.00 69.25 £0.27 8.71 £ 0.06 1.33 £0.01 0.31 £0.01 0.38 £ 0.01 0.12 £0.01 0.08 +0.00 16.75 + 0.58 70.57 £ 0.47 10.04 4 0.11 7.03 £0.02 6.56 £ 0.09
24 Rob 15.92 +0.84 0.81 £ 0.04 0.05 £ 0.00 0.12 £0.02 1.31+0.02 62.96 £ 1.15 12.29 £0.28 0.97 £0.03 0.37 £0.01 0.36 £ 0.00 0.11 £ 0.00 0.07 £0.01 17.82 £ 043 64.25 £ 0.36 13.26 & 0.06 4.85 £0.01 12.73 £0.00
25 Canino 14.45 + 0.64 1.25 £ 0.06 0.05 £ 0.00 0.10 £ 0.00 1.40 +0.01 65.27 £ 0.64 10.36 +0.12 0.91 £0.01 0.35 £ 0.00 0.30 £ 0.00 0.10 £ 0.00 0.07 £0.00 16.43 +0.43 66.92 £ 0.35 11.26 4 0.08 5.94 £ 0.00 11.43 £0.04
26 Yuntai 12.74 £ 0.42 0.74 +0.03 0.05 £ 0.00 0.07 £ 0.00 2.09 £+ 0.01 7596 £0.23 3.50 +0.01 0.74 4 0.00 0.48 4 0.01 0.34 £+ 0.00 0.12 4+ 0.01 0.08 £ 0.00 15.56 + 0.45 7711 £ 042 4.24 +0.03 18.18 + 0.02 4.72 4 0.00
27 Zhongze-7 14754000  106+001  004+000  008+£000  145£003  7067+047 686013  080£002  036£001  032£001  008+000 0054000 1674011 72124001 766010 942009 859+ 009
28 Pico limon 11.65 +0.10 0.54 £ 0.00 0.04 = 0.00 0.07 £ 0.00 1.27 +£0.01 67.65 £ 0.74 12.14 £ 0.16 0.79 £0.01 0.33 £0.01 0.29 £ 0.00 0.10 £ 0.00 0.05 +0.00 13.43 £ 0.10 68.56 = 0.08 12.94 4 0.02 5.30 +0.00 15.31 +=0.08
29 Chemlal de Kabylie 14.42 £ 037 1.22+£0.03 0.04 £ 0.00 0.08 £ 0.00 1.52 +0.02 66.97 £0.79 7.80 £0.12 0.56 £ 0.01 0.43 £0.01 0.36 £ 0.00 0.14 £ 0.00 0.10 £ 0.00 16.65 +0.13 68.63 £0.12 8.36 £ 0.01 8.21 £ 0.00 13.98 £ 0.06
30 Lechin de Sevilla 10.85 +0.28 0.48 £ 0.01 0.16 £ 0.00 0.39 £0.01 1.27 £ 0.01 79.07 £ 0.62 2.56 £ 0.05 0.79 £ 0.02 0.34 £ 0.00 0.38 £ 0.00 0.11 £ 0.00 0.07 £ 0.00 12.80 £ 0.17 80.32 £0.19 3.34 £0.02 24.03 +0.17 3.26 £0.02
31 Nevlbdly 14.64 +0.42 1.18 £0.03 0.07 £ 0.00 0.11 £+ 0.00 3.64 +0.04 73.45 £ 0.85 3.55 4+ 0.04 0.80 + 0.01 0.55 + 0.01 0.24 £+ 0.00 0.08 £ 0.00 0.06 £ 0.00 19.05 +0.17 74.99 £0.16 4.35+0.01 17.23 +£0.01 4.45 4+ 0.00
32 Arbequina 15.69 +0.40 1.27 £0.04 0.09 £ 0.00 0.22 £+ 0.00 1.27 £0.01 59.78 £0.16 13.08 +0.07 0.59 +0.01 0.39 +0.01 0.28 4 0.01 0.11 4+ 0.01 0.07 £+ 0.00 17.62 +0.43 61.54 £ 0.30 13.67 +0.13 4.50 +0.01 22.29 4+ 0.05
33 Kalamata 8.73 £0.06 0.40 £ 0.00 0.09 £ 0.00 0.23 £0.02 1.21+0.01 79.37 £0.24 4.90 £ 0.00 0.56 £ 0.00 0.32 £0.01 0.37 £ 0.00 0.08 £ 0.00 0.07 £0.00 10.51 £5.91 80.37 £3.07 545 £0.16 14.75 +0.03 8.82 £0.08
34 Arbosana 13.04 + 0.69 147 £0.13 0.09 £0.01 0.22 £0.02 1.40 +0.01 70.63 = 0.58 6.30 £0.03 0.55 £ 0.00 0.39 £0.02 0.31 £0.02 0.12 £ 0.00 0.07 £0.00 15.10 + 0.82 72.62 £0.75 6.86 £ 0.07 10.59 £ 0.02 11.44 £ 0.00
35 Togisca 14.40 + 0.83 0.74 £ 0.05 0.04 £ 0.00 0.07 £ 0.00 1.08 4 0.01 60.38 £ 0.45 11.97 £ 0.14 0.77 £ 0.01 0.28 £ 0.00 0.26 £ 0.01 0.08 £0.01 0.05 £ 0.00 15.91 £ 0.70 61.44 £ 0.55 12.74 +0.14 4.83 £0.00 15.63 £ 0.05
36 LZ:(ZZI;;:C 8.57 £0.48 0.41 £0.02 0.03 £ 0.00 0.05 £ 0.00 1.254+0.01 73.03 £ 0.63 7.15£0.10 0.97 £0.02 0.29 £ 0.00 0.30 £0.01 0.07 £ 0.00 0.05 £ 0.00 10.27 £0.43 73.79 £0.39 8.13 £0.04 9.08 £0.01 7.34 £0.03
37 XiYou-1 11.45 £ 0.51 0.52 £0.03 0.04 £ 0.00 0.07 £ 0.00 1.24 +£0.01 74.81 £ 0.52 5.94 £ 0.02 0.56 £ 0.00 0.31 £0.02 0.31 £0.01 0.12 £ 0.00 0.07 £0.00 13.24 +0.64 75.71 £0.61 6.50 £ 0.03 11.65 & 0.04 10.56 = 0.02
38 Cobrancosa 11.19 £ 0.81 0.46 £ 0.04 0.09 £0.01 0.15 £0.01 1.71+0.03 68.90 £ 0.65 8.53 £0.20 0.85 £ 0.02 0.36 £ 0.01 0.27 £ 0.00 0.09 £ 0.02 0.08 £ 0.00 13.51 £ 0.67 69.77 £0.68 9.38 £0.01 7.44 £ 0.06 10.00 £ 0.10
39 Pendolino 14.29 048 0.84 £ 0.03 0.04 £ 0.00 0.09 £ 0.00 1.13 +£0.01 65.71 £ 0.62 11.45+0.16 1.06 £ 0.02 0.27 £ 0.00 0.29 £ 0.00 0.07 £ 0.00 0.06 £ 0.00 15.85+0.28 66.93 £ 0.27 12.51 £ 0.01 5.35 £ 0.01 10.81 £ 0.08
40 Huyete 12074024 105£002  004+000  010£002 126000  7455£059 3732002 0712000 0324002  028£001  008+000 0074000 13832010 7598006 444004  1713+007 5264010
41 Mc ssoon 8.12 +£0.56 0.35 £ 0.02 0.03 £ 0.00 0.07 £0.02 1.08 +0.01 69.74 £ 0.65 11.21 £ 0.33 0.86 £ 0.02 0.23 £0.02 0.30 £0.01 0.05 £ 0.00 0.03 £ 0.00 9.54 £ 047 70.45 £ 0.60 12.08 +0.13 5.83 £0.07 13.01 & 0.04
42 Zhanglin 18.12 £ 0.22 3.00 £0.03 0.04 £ 0.00 0.09 £ 0.00 1.51 +0.02 64.23 £0.63 4.87 £0.05 0.97 £0.01 0.40 £ 0.02 0.25 £ 0.00 0.14 £0.01 0.11 £0.00 20.32 £0.02 67.57 £0.02 5.84 £0.01 11.58 £0.01 5.02 £0.04
43 Leucocarpa Ovoid 15.98 £ 0.70 2.63 £0.13 0.09 £ 0.00 0.31 £0.01 1.04 +0.01 65.87 £ 0.44 10.78 £ 0.13 0.87 £ 0.01 0.26 £ 0.00 0.27 £0.01 0.07 £ 0.00 0.04 £0.00 17.48 048 69.07 £ 0.43 11.64 & 0.04 5.93 £0.02 1243 £0.04
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Table 1. Cont.

Sample Cultivar C16:0 cl6:1 C17:0 c17:1 C180 cs:1 C182(m-6)  CI8:3 (n-3) C20:0 C20:1 C22:0 C24:0 SFA MUFA PUFA M/P n-6/n-3
14 Yunza 15414074 1394007 0044000 0094000  1.69+003 49904093 24844057 0624002 0354001 0244000 0074000 0054000 17624034 51614024 25464010 2034000 3993+ 002
45 ors 1614£008 0724001  004+£000  008£000 1434000 6730003 9824001 0894000 0324000 0254000 0104000 0094000 18124008 68354003 10714001 6394001 1108003
46 San agostino 12974012 100£001 0094000 0254000 1334001 71774014  868+003  070+£000 0324000 0284000 0124000  005+£000 14874012 73314015  938+003 7824001 1243+ 004
47 Telsmani 10384023 054000  004+001 0094002 1404001 72184039  1010£008 1094001  025+001 0284000  004=000 0044000 12154022 73084038 11194008 6534001  9.26+0.06
18 cds 9254013 0494001  004+000 0074000 1154000  7385+013 7164001 104000 0244000 0234000 0084000  004+000 10804014 74644014 8194002 9114000 691 %005
19 Brintian 13104003  086+000 0044000 0084000 1474000 63724013 11754002  080+£000 0344000 0264000 0104000  005+000 15094003 64924012 12554002 5174000 1476001
50 Round Green 11584032 0554002 0084000 0194001 1494001 72174061 7674008  070+£001 0404000 0414000 0124000  008+£000 13764034 73324063  837+009 8764000  10.990.10
51 Nabli salfit 12684007 068000 0124000 028000 1274000  6418=016 13224005  096£000  030£001  026+000 0104000  005+000 14524007 65414016 1418006  461£000  1377%0.10
52 Ezhi 15224020 181002 0054000 016000  116+001 72184055 4024004 0774001  026+000 0274000 008000 0044000 16824021 74424057 4794004 1554001 519 +002
53 Zhongze-2 10644017 0534001 0114000 0264000 1204001 68364037 11504008 1034001 0314000 0324000 0094000  004+000 12394018  6946+038 12534008 5544000 11144001
54 Zhongshan-24 15314041 1034003 0044000 0094000 1654001 64494058 12074012 1284001 0354000 0264000  008+£000  008+£000 17524042 6587061 13354013 4934000  9.43 %001
55 Zhongze-3 15144022 1474003 0054000 0124000 1274000 67524026 7024003  1.88+002 041001 0274000 0154000  009+£000 17104024 6938029 8904005  7.80+£001  3.73+0.08
56 Zhongze-11 14854044 097+003 0054000  010£000 1344001 57404048 1435017  148+£002  036+000 0214000 0114000  006+000 1676+044 5868051 1583+019 3714000  9.70+0.02
57 Grossane 11794008 0784001 0054000 0084000 1854000 69494011 7264003  070+£000 0324000 0204000 0074000  004+000 14134009 70554012  796+003 8874001 1034010
58 Royetadeasque 10774045 0574003 0054000 0074000  303+£003 72784086 7114011 0604001 0574000 0334000  018+000 0074000 14664048 7375+089 7714012 9574001  11.85+003
59 si‘;::i:i 1194008 0544000 0104000 0164000 2104001  6670+036 10584008  070+£001  046+000 0254000 0124000 0104000 14874009  67.66+037 11284008  600+£000 1505007
60 Albarate 12034029 067002 004000 008000 1484001  7246+043 7654006  070£000  034+£000  028+000  011+£000  005+000 1404+030 7348+044  835+006  880+000 1096 % 0.03
61 Alia 11154000  066+001 0054000 0084000 2444001 67694013 11224002 0974000 0484000 0304000 0134000  006+000 14314010 68734014 12194002 5644000 11534001
62 M“”;z;;m de 13514010 1154001  005+000 0094000  186+001 73434029 4964003  090+000 0344000 0234000 0114000 0064000 15924011 74894030  586+003 12794000 551 +0.10
63 Segoise 10744023 0554001 0044000  007+£001  138+001 74814079  818+011  1.08+002 0284002 0284001 0054000 006001 12544021 7572408 9254013  8I18+£0.02  7.58+0.04
64 Morisca 14964023 088001 0054000 0074000 2094001 65124037 9604007 0994001  048+000  024+000 0134000  0134£000 17844023 66324038 1060008 6264000  9.68+0.03
65 Tondndicaglan ~ 1698+£024 0934002  013+£000 0284000 154000  6343+£024 12844005 0854001 0384001 0294001  008+000 0064000 19164026 64944026 1369+006 4744000 1507003
66 Ganino 14324008  118+002 0064001 0124003 1454002 66044039  969+007  099+£001  039+001 0284000 0084000 0094000 16394012  67.62+4034 10674008  634+001  9.82+0.00
67 Surani 11494009  070£001 0104000  024£000 1074000 61234021 13454008 1194001  030£001 0244000 0094000  005+£000 13.094010  6241+£020 14632009 4274001 1135002
68 San fraciso 12384019 069+001  013+£000 031000 1454000  7398+012  593+001  094£000  031£000  028+000 009000 009000 14454019 75254014 6874001 10964000 629001
9 Misn 11144005 0524000 0044000  008+000 1444000 69454000 1093001 1324000  028+000 0264000 008000 0044000 13014004 70314000 12254001 5744000 827 +0.04
70 Azappa 15154048 1054004 0054000 0074000 2044002  6468+054 9264010  1.01+£001 0474000 0244000 0154000 0154001 18004050 6604+058 10274011  643+£0.00  9.21 +0.04
71 Giarffa 1436+£015  113+001 0094000  024+£001 1614001 70534033 7234005 1024001 0424000  033+000 0124000  008+000 16674015 7224+034 8244006 8764002  7.10+007
72 Piangent 12484034 0784002 0034000  007+£000 1514002 74364079  631+£008  075+£001  030+000 0274000 0074000  005+£000 14444035 7548082 7074009  1068+001 837+ 0.08
73 Genmlek 13034020 083001  004+£000 009000 1464001 67514039  1026+007  075£001  034£001 0274000  009+£000  005+000  1501+£020 6870040 11014008  624+£000  13.73%0.05
74 Amigdalolea Nana 10314005 0414000  008+000 0174000 1334001 67794016  975+004 0844000 0334000 0264000 0094000  006+£000 12184006 6863+£016 1059004 6484001 1166001
75 Basta Morisca 13244015  087+001 0054001 0084000 2024000 60424004 12704001 0864000 0374000 0184000 0114000 0064000 15854014 61544005 1356001 4544000 1475+ 002
76 UW(UB'ZZCSW"F 14984006 0764001 0114000 0244001 1544001 66714012 11864002 1124001  036+001 0314001 0074000  008+£000 17134008 68024014 12984003 5244000 1058000
77 Cuco 12134012 0754001 0054000 009000 1554000 6336018 13924004 1224000 0424000 0294000  014+000 007000 14374012 64494019 1514004 4264000  11.38%0.06
78 Menmeli 13414004 0794000 0044000 0074001 1174000 65034005 8764000  080+£000 0284000 0214000  008+£000  004+000 15024004 66104005 9564000  691+£001 1095007
79 Moraiolo 14634029 086+002 0094000 0214000 1644004 68154069 9814011  085+£001 0304001 0234000 0064000 0064000 16774032  6945+£070  1066+012 6514000 1153+ 003
80 Ascolana Tenera 14744035 1214003 0044000 0094000 1614001  6098+048 12454014 0914001 0314000 0194000 0094001  004+£000 16844037 6247051  1336+015 4684000 1376005
81 Jifeng 14524024 070£001 0134000 0254001 1744000 7066024 8724003  098£000  036+£001 0254000 0124000 0064000 16934025 7186026  970+003 7414000  8.94+0.10
82 Codovil 14684024 139002 004000 0094000 1414001 73834093 4834007  088+£001  036+001 0334001 007000 0064000 1662024 7564095 5714008 13264000 550+ 0.06
83 Berat 16474050 1814006 0044001 0104000 1334001 56224048 16604018 1064001 0314000 0184000 0074000  004+000 18264051 58314055 1766020 3304000 1560002
84 Chenggu3? 1480+£041  088+003 0054000 0094000 1304001 53564052 18584023 1164002 0314000 0184000 0094000  004+000 16594042 54714054 19744025 2774000 1609005
85 Chenggu53 12844012 063+001  004+£000  007£000 1284000 55694016 16294007  095+000 0294001 0174000 0074000  004+£000 14574017  5657+£007 1724000 3284001 1720006

All the values in the table are mean =+ standard deviation, and there are significant differences in the same column of data through ANOVA test (p < 0.05). Significance is not indicated in
the table due to the excessive data.
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Table 2. Triglyceride profiles of 85 oil samples from olive cultivars grown in Liangshan, China.
Triglycerides Profiles (%)
Sample Cultivar OLL OLnO PLL POsLn PLP POPo PLO ooL POP oor 000 POS 00s
[M+Nal* Q1 903.742 903.742 877.77 877.726 853.726 853.726 879.742 905.757 855.74 881.757 907.773 883.773 909.789
[DG]* Q3 601.52 603.535 575.504 573.488 551.503 549.488 577.519 603.535 551.503 577.196 603.535 579.535 603.535
ECN 44 44 44 44 46 46 46 46 48 48 48 50 50
DBs 5 5 4 4 2 2 3 4 1 2 3 1 2
1 Picual 1734£081  328+£055 1914057  208+£022  091+089  373£079  470+£032  9.65+044 550016  19.884+057  3697+£091  247+£082 7194075
2 Biaocoline 293+013  257+£098  3.65+096 201002  147+£036  274+019  670£071  1390+026 534069  1769+027 3428+ 075 155085  517+0.16
3 Frantoio 3.77 £ 0.75 1.75 £ 0.56 5.26 +0.01 1.41 £0.48 1.75 £ 0.30 1.64 £ 0.57 7.38 £ 0.07 12.82 £0.31 4.64 £0.18 18.31 £ 0.05 35.68 £+ 0.29 1.29 £ 0.80 4.314+0.13
4 Hojiblanca 280+006  263+£024  485+074  168+003  116+£065  173+091  640+061  1255+079  413£094  1791+£031  3649+018 181087 587 0.00
5 Verdale 325+019  275+£013  583+066 169085  142+066  136+079 664031  1470+059 354076  17.15+082  36.04+049 126058  4.36+ 043
6 Garsagvenio 2.64 +0.17 2.81 +0.85 5.03 +0.19 191 £0.70 1.10 £ 0.67 1.55+0.82 5904+ 0.25 14.32 £0.73 3.54 +0.03 16.79 £0.27 39.08 +0.33 1.07 £0.13 4.25 4+ 0.01
7 Koroneiki 157+£076 2514053 2414043 150031  085+0.84 207055  496+027  1097+078 411095  1933+049 41.29+£095  1.83+036  6.60 =074
8 Pizzacarroga 553+059  241£051  752+015 189040  192+£069  1.84+055  821+£040  1335+043 427034  1613+£094 31.69+026  124+£014 400049
9 Rama pendula 3.37 +0.84 2.50 +0.25 5.97 +0.89 1.56 £ 0.68 1.85 £ 0.41 0.98 £ 0.89 7.72 £0.92 13.72 £0.77 4.56 £0.72 17.37 £0.31 33.75 4+ 0.89 1.68 £0.15 4.96 + 0.81
10 Nieda di gonno 702£027  090+£082  600+042  1.39+£072  385+009 180049  1016+0.89 1312085  538+£037  17.77+019 2747+£011  149+055  3.66 £ 095
11 Leccino 165+075  295+043  2124+070  187+£015  1.00+0.62 334082  480+£041  1091+089  534+055  1887+098  39.31+£041  1.88+042 597075
12 Cornicabra 0934032  315£077  095+062 191089  063+£087  404+005  322+£053  7.89+027 58023  2002+£094 40324060 293+£053 818079
13 Imperial 634+010  117+£069  680+£006 180065 277043  280+087  775+£029  1155+036 514009  1676+£082 3137+076  165+£033  4.08+079
14 Sikitita 530+033  146+£090  621+002  177+091  260+063  238+082  7.92£077  1215+055  542+019  1704+082 3240+075  141£035  3.95+024
15 Macho de jaen 3184021  228+£076 5244029  169+012 127024  1.62+066  670+£037  1417+079  420+068  1685+£052 34614013  207+£009  6.15+037
16 Coratina 2.20 £ 0.63 222 £0.69 3.29 £0.67 1.69 £+ 0.33 1.35 £+ 0.03 1.46 +0.10 7.30 £+ 0.05 13.25 £ 0.90 5.37 +0.57 17.83 £+ 0.09 35.79 4+ 0.82 2.08 +0.99 6.20 +0.69
17 Barnea 552+ 0.79 140 £0.18 7.23 +0.38 0.96 £ 0.35 1.94 £ 0.69 144 £0.13 6.48 - 0.36 13.30 £ 0.66 4.08 £0.74 16.20 £ 0.01 32.83 +0.37 3.08 +0.49 5.55 + 0.67
18 Frantoio de Corsini ~ 4.87 £0.63 ~ 170£005  493+072  2254+092  223+£059  290+053  717+£036 12094092  593+045  1720+£030 32424029  180+£076  4.51+0.07
19 Ottobratica 4374£007 117064  460+£068  170£001  222+075  236+099  695+018  1212+098 586071  1703+075 3409+£002  208+£033 545096
20 Dolce di morocco 4.59 +0.63 1.85£0.16 6.03 £ 0.97 1.71 £ 043 2.07 £ 0.09 1.77 £0.21 7.35+0.23 13.52 £ 0.56 5224 0.14 16.51 £ 0.29 33.03 £ 0.15 1.78 £0.24 4.57 +0.90
21 Rol 2794+096  230+£055  557+066  135+£026  120+£028  122+036  608+£085  1504+059  372+£016  1757+069 3642038 156075 518091
22 Lecln 2344048  285+037  287+049 214074  123+£048  316+034 556036  1177+003 576028 1747004 3686+063 223+£034  575+0.86
23 Acebuche 2.53 +0.90 2.85+0.15 4.04 +£0.94 1.61 £0.43 124 £0.72 1.23 +£0.62 5.92 4+ 0.04 12.09 £ 0.42 426 £0.71 18.51 £0.27 39.50 +0.77 1.56 £ 0.49 4.67 +0.78
24 Rob 4474+025  168+£042  537+062  138+096  203+£094  151+051 780074  1228+0.89  515+054  1826+027 3405+080 166030  4.37+085
25 Canino 3924013 168072  468+059  170+008  1.86+£087 249064  682+048  1172+041  490+£079  18.60+086 3481+006  1.85+000 498+ 059
26 Yuntai 113+£042 2594082 120408  188+£034 067034 2494030  429+£054 9324025 4932093 19724062 3989065  295+£018 897041
27 Zhongze-7 2.73 £ 041 193£005 2924007  199+020 131026  272+074  585+£029  1197+097  532+£016  1825+0.15 3664042  208£057  6.30+0.03
28 Pico limon 3.82 +0.29 1.46 £ 0.42 6.53 4 0.30 1.07 £0.38 1.61 £0.61 1.09 £0.23 6.39 + 0.96 13.78 £ 0.22 3.84 4+ 0.40 17.71 £0.22 36.84 £ 0.59 1.40 +£0.21 447 £0.28
29 Chemlal de Kabylie ~ 344034  135+013  3724+025  177£005  1.63+021  295+£008  677+£098  1146+057 554071  1974+026  3404£056  1.99+£091  561+017
30 Lechinde Sevilla 069 +£028  3.81+060  1.08£077  1.89+077  050+£080  218+032  3.61+057  1022+£050  436+046  2012+£039 43.14+044  1.68+£009  671+0.68
31 Nevlbdly 1.16 £ 0.50 2.42 4 0.66 1.06 £0.21 1.85 £ 0.67 0.68 & 0.67 2.80 +0.25 4.07 +£0.73 8.99 +£0.17 5.03 +0.76 20.08 £0.91 37.97 +0.89 3.69 + 0.89 10.21 £0.74
32 Arbequina 5004048  086+£014  629+068 157081  298+£048  238+069  742+£071  1297+017 559097  1716+£058 3190079  185+£077  4.02+0.80
33 Kalamata 135+£039 2224090  270+£059  118+£014  070+035  135+£022  438+£097  1315+£071  355+044  19114+002 4286+018  142+069  6.03+058
34 Arbosana 2.91 4+ 0.64 1.50 £0.88 3.08 & 0.04 1.92 £0.35 1.38 £0.93 3.72+0.88 5.30 +0.12 11.71 £ 0.78 5.82 4 0.22 18.18 £ 0.92 35.93 £ 0.16 2.44 +0.31 6.13 £ 0.27
35 Togisca 524+076  134+£013  586+033 143059  305+064  176+001  7.94+£006  1257+056 58 +070 1731006 3146048  183+£028  4.33+0.90
36 Picholine 2184+065  255+£052  411+037 164047  114+£008  139+082 581023  1465+056  433+062  1738+£034 3600+£029  178+£012  7.04+0.08

Languedoc
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Table 2. Cont.
Triglycerides Profiles (%)

Sample Cultivar OLL OLnO PLL POsLn PLP POPo PLO ooL POP ooP 000 POS 00s
37 XiYou-1 2374006  1.65=+0.61 3594027 1324071 1184080  151+098 514059  1260+067  430+0.68  19.03+0.87 3947 +026  161+067  623+046
38 Cobrancosa 2994080  201+004 5144063  138+042  130+£083 1274084  636+027 13824057  453+£025  1813+£098 3408+078  215+097  6.85+0.44
39 Pendolino 3534007  190+032 5194096 1444045 1.82 £ 0.06 156 £021  678+002  1403+£014  487+051  1826+088 3489+019  161+026  411+088
40 Huyete 1444029 2844086  1.69+0.11 1794013  078+089  297+004  414+024  1035+088 507010  1998+0.82 4037025 1894003  6.70 % 0.60
41 M ssoon 330+£024  1.83+084 6914071 1124016 1334045  1.00+£066  646+£027 15124088  369+080 16654026 3540+034  156+082  564+072
42 Zhanglin 2294079 2174095 1704005  2.65+0.89 125+£089  697+087  434+008  876+£054 8671098  1841+£095 3315+074  336+028  628+0.11
43 Leucocarpa Ovoid 343 £053 1364044  436+023 2324012  158+070  4.01+011 5394059  1298+032  443+056  1841+£004 3648 +£004  120+013  4.05+0.60
44 Yunza 4774097  054+012 586+ 0.09 1134003  3.84+0.88 163+034  883+009  1486+002 558+010 17504023 2894 +049  212+093  4.42+0.26
45 Ors 6154023  204£003 5114020  201+004  265+004  207+005  846+033  812+007 636002  1826+028 3178+066  200£005 499 +0.15
46 San agostino 695+006  209+002 48 +002 2024002  1.88+£002  3.01+£006  6.87+021 836+£017  489+028  17.66+049  3460+025  1.63+£001 516+ 0.08
47 Telsmani 808+016  261+014  4.06+0.05 1.84+002  1.38+0.05 1554001 6724031  959+016 3914005 1828+034 3562+049 1414010  495+011
48 Cds 598 +012 2984003  304+017  1.88+0.08 1414008  194+012 585 +038  850+£0.17  444+012  1887+054 3844+093  159+011 510+ 029
49 Brintian 7214005 1714005  662+£022  196+007  294+011 2314008  858+042  840+008  544+011 17334035 31.00+057 1984006  4.54+022
50 Round Green 6314022  223+014 3484035 1.68 + 0.09 1504005  203+007  697+019  839+012  463+008  1885+008 3616+097 178+013  6.01+0.09
51 Nabli salfit 8.08+028  190+003 616021 1544004  267+008  184+011  827+031 895+023 4624020 17434030 3330£030 133+£005 3924018
52 Ezhi 1874007 2774006 2184007  270+£014 1204005  605+013  478+025 5704007  680+026  2037+044 3877+061  195+003  4.86+0.20
53 Zhongze-2 8254039  226+£012  496+006  170+£006  1.85%0.16 159 £009  689+005  917+£018 4194008  1714+053 3643+£021  140+009 4194008
54 Zhongshan-24 7.05 + 0.11 221 +0.01 5424014 2064003  274+015 2404012 7444016  770+015  591+006 17814020 3241+015 218+006  4.68+0.16
55 Zhongze-3 4424010 4474012 3774010  328+007  186+010  446+032  637+024  740+0.14  662+007  17.86+£040  33.02+071  207+007  4.41+0.08
56 Zhongze-11 8124015 165+ 0.01 7174005  201+£011  3.92+0.19 183+£008  7.83+043  759+£027 5894020 1744+061 3086+£084  179+003 390+ 024
57 Grossane 5454006 2174011 4244029  2.01+0.03 1784019  263+018  688+£016  7.74+021 5684011 18174040 3381+039 278+013  6.64+023
58 Royeta de asque 566+020  196+019  383+003  141+007  140+013 182+018 6144001 799 +009  444+016 19114075 35274010  2.81+£005  817+023
59 sGo:ZZi:;zl) 734+038 1514008 4324016 1424006  1.79+0.19 1514015 7944052  861+£018 5114009 19174052 3296+071 2354010 596+ 035
60 Albarate 6314003  178+005 3504009  201+004 1924008  265+004  713+018  843+006 5124004  18.62+030 3548 +028  191+0.13 5144001
61 Alia 8444055  213+£020  550+050  145+013  207+£006  208+009  7.09+033  883+017  451+016 17094021 3176+ 074  246+006  6.59 + 0.48
62 M“"Zl‘.’e’r’g:" de 287+£007  270+£006 220+ 0.03 1.86 + 0.03 118+0.02 3574005  516+005  653+£025  601+017  21.34+042 3796+£023  226+023 6.36 %+ 0.60
63 Segoise 558 +014  2.86+0.21 246+008  168+004  126+012  181+£028  596+004  9.04+026  422+032  1928+062 3931+£032  135+001  521+026
64 Morisca 553 +0.11 1.85+0.09 4454021 2094008 3024026 2714022  7.67+026  770+£025  608+026 17714066 3218+007  280+£007  620+0.22
65 Tondn di caglan 676 £022  138+£004 530 0.09 160£009  301+£010  223+£007  879+024  836+008  626+£017  1805+037 31.21+£074  223+£012  4.83 £0.07
66 Ganino 504+028 1744010  3.82+ 045 1744011 2174000  250+004  660+038  733+019  584+001  2036+009 3615+096 1924009 479+ 0.02
67 Surani 754+027 2024010  699+£013  159+006 291+ 040 1754021  8104+017 8574008  513+015 18294020 3229+050 1504018  3.98+0.32
68 San fraciso 3284017 2574018 2494017  1.84+0.08 143£004 2294000  602+£012  781+£019  565+019  2078+043 37.66+018  211+003  607+056
69 Misn 600+£015  2.02+0.11 3754028  136+007 1494008 1244003  6.13+031 8714014 4254018  2001+052 3886+094  151+£009  4.69+0.16
70 Azappa 4514028  1.62+004 4284026  196+014 2414013 2614007  736+040 7344011  654+024  1938+053 3313+096  280+009 6094023
71 Giarffa 386+014  231£006 3194020  215+012 1424006  334+004  649+042  775+035  600+£009 19444015 3556+ 078  235+014  6.15+0.08
72 Piangent 351+£007 1944006 2734014  164+0.13 1414007 2374008  613+£008  810+£020  567+005 20114019 3876+038  202+014  562+014
73 Gemlek 643+010  1.65+002 5254007 1754008 2324006 2324002  820+005  905+012  551+£017 18024016 33.04+004  186+000  4.60+0.14
74 Amigdalolea Nana 696 £007 1854005  503+£007 1564003 2364004 1434002 8334029 9394009 4754015  1791+£012 33714050 1804005 4924041
75 Basta Morisca 733+035 1334004  650+£040  153+£010  336+024  196+008 8324036  838+014  573+020 17024043 3001 +074  284+006  571+023
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Table 2. Cont.
Triglycerides Profiles (%)
Sample Cultivar OLL OLnO PLL POsLn PLP POPo PLO OOL POP oopr 000 POS 00s
Uowvo di Piccione
76 (Baruni) 8.78 £0.34 2.58 £0.02 7.17 £ 0.05 243 £0.11 2.05£0.13 2.00 £0.13 7.38 +0.33 8.46 £ 0.54 542 +£0.29 16.88 £ 0.39 30.75 £ 0.07 1.81 £ 0.16 4.32 £0.80
77 Cuco 7.59 + 0.48 1.58 4+ 0.14 5.98 +0.15 1.55 £+ 0.05 2.50 £0.18 1.56 £ 0.09 7.97 £ 0.30 891 +£0.21 492 +0.10 17.45 4+ 0.48 33.18 £ 0.61 1.84 +0.17 4.96 £ 0.27
78 Memeli 5.41 +0.41 1.55 +0.19 5.30 £0.12 1.94 +0.11 2.72 £0.08 2.29 £+ 0.04 8.68 £0.24 8.33 £ 0.07 7.15 +0.29 17.76 4+ 0.53 31.15 £ 0.34 2.53 £0.09 5.20 £ 0.03
79 Moraiolo 527 £0.16 1.82 £0.08 3.61 £ 0.09 1.56 & 0.03 2.06 £0.13 2.00 £0.12 6.98 £0.18 8.25+£0.23 5.67 £0.14 18.84 4 0.08 36.06 £+ 0.52 2.37 £0.07 551 £0.11
80 Ascolana Tenera 6.88 £0.18 1.41 +0.05 5.80 £ 0.27 1.79 £+ 0.09 291 £ 0.06 245+ 0.04 7.52 +0.35 7.70 £0.11 5.95 £ 0.03 17.76 + 0.22 3221 £0.63 242 £0.11 5.21 £0.20
81 Jiufeng 5.00 £0.20 2.51£0.19 3.37 £0.03 1.80 +0.03 2.02 +£0.20 2.10 £0.20 713 £0.11 8.28 £ 0.04 5.70 £ 0.06 18.06 + 0.69 35.06 £+ 0.30 2.54 £+ 0.06 6.44 £0.18
82 Codovil 2.56 £0.15 2.58 £0.10 2.21 £ 0.09 1.92 £ 0.04 0.95 £ 0.02 3.49 £0.10 4.17 £0.12 6.18 £ 0.04 5.83 £0.06 20.90 £0.18 40.87 £ 0.03 2.03 £0.11 6.34 + 0.38
83 Berat 5.93 £0.01 1.32 4+ 0.00 5.55+0.28 1.85 £+ 0.01 3.72£0.11 2.88 £0.02 8.41 £0.12 824 +£0.11 6.71 £ 0.02 17.50 &+ 0.16 30.92 £0.35 2.34 £ 0.05 4.62 £0.09
84 Chenggu32 721+£0.13 1.34 +0.03 6.62 £0.16 146 +0.13 444 +0.24 1.74 £0.08 9.79 £ 0.51 9.19 +£0.43 5.67 £0.15 17.52 4+ 0.40 29.41 £ 0.63 1.77 £ 0.01 3.87 £0.10
85 Chenggub3 8.50 £ 0.01 1.53 £ 0.10 8.42 +0.17 1.78 £ 0.05 3.73 £0.21 1.52 £ 0.01 8.01 £0.79 7.78 £0.21 5.38 £0.03 16.61 & 0.46 31.53 £0.51 1.74 £ 0.14 3.48 £0.25

All the values in the table are mean =+ standard deviation, and there are significant differences in the same column of data through ANOVA test (p < 0.05). Significance is not indicated in
the table due to the excessive data. P, palmitic; S, stearic; O, oleic; L, linoleic; Ln, linolenic; Po, palm oleic.
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