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Camellia genus (Theaceae) is comprised of world famous ornamental flowering plants. C. japonica L. and C.
sasanqua Thunb are the most cultivated species due to their good adaptation. The commercial interest in this plant
linked to its seed oil increased in the last few years due to its health attributes, which significantly depend on
different aspects such as species and environmental conditions. Therefore, it is essential to develop fast and
reliable methods to distinguish between different varieties and ensure the quality of Camellia seed oils. The present
work explores the study of Camellia seed oils by species and location. Two standardized gas chromatography
methods were applied and compared with that of data obtained from proton nuclear magnetic resonance
spectroscopy (1H-NMR) for fatty acids profiling. The principal component analysis indicated that the proposed 1H-
NMR methodology can be quickly and reliably applied to separate specific Camellia species, which could be

extended to other species in future works.

Camellia oil authentication quality chromatographic techniques

nuclear magnetic resonance chemometrics

| 1. Introduction

Camellia is a genus of flowering plants in the family Theaceae, native to East Asia and widely distributed in China,
India, Japan, and South-East Asian countries, whose seeds and leaves present high nutritional and medicinal
values. This subtropical evergreen shrub or small tree arrived in Europe around the 16th century & and was

introduced into the gardens of the highest social classes of Galicia (NW of Spain) at the beginning of the 19th.

Nowadays, cultivars of Camellia species are found worldwide in public and private gardens thanks to their excellent
adaptation to climatic and edaphic conditions, easy spread, and resistance to pests and diseases.
Particularly, Camellia japonica L. is the best known internationally as a cultivated species for ornamental value. In
the last decade, commercial interest was remarkable, and consequently, production in Spain reached about 2.5

million Camellia plants per year, which are exported throughout Europe as ornamentals Z=14],

Camellia oil is obtained from the seeds, known as one of the most popular edible vegetable oils that was utilized for
more than 1000 years in China, and also abundantly used in southeast Asian countries (Japan, Korea, India, Sri

Lanka, Indonesia, and Vietnam), where Camellias are abundantly available 2!,

Camellia oil is also known as “Eastern Olive Oil” because it shares a similar chemical composition with olive oil €.

It contains several natural antioxidants, such as squalene, phytosterol, polyphenols, fat-soluble vitamins (vitamins
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A, B, E), sasanqua saponin, and other functional substances. It was recommended by the Food and Agriculture
Organization of the United Nations as a high-quality, healthy vegetable oil because of its nutritional value and
excellent storage qualities . For these reasons, it is commonly used as cooking oil (edible oil) B |n China, the
main species used for oil production is Camellia oleifera C. Abel 29, while in Japan this is C. japonica 1, and C.

sasanqua in Vietnam [12],

Camellia oil is an expensive product with a particular and characteristic aroma and taste, good storage stability,
and high nutritional and medicinal values, with high value interest for trade 13l. Thus, the economic interest in this
crop increased exponentially in recent years for a variety of purposes 24!, Specifically, Camellia oil extracted from
seeds of different species, including C. reticulata Lindl., C. sinensis L., C. oleifera, and C. japonica, was long
processed as an industrial oil used for oligosaccharide production 12 as a surfactant, in soaps, as a hair oil, and
now it is generating interest as a biofuel source, lubricant, and biopolymer 8IL718IL9(201 Ajthough, in cosmetics C.
japonica oil has a long history of traditional cosmetic usage in Japan as a protectant to maintain skin and hair
health, where other species are nowadays commonly used for this purpose (e.g., C. oleifera, C. grijsii Hance,
and C. sasanqua) L2 Camellia oil has fat-soluble natural compounds with health benefits, reducing cholesterol
and triglycerides in the blood, lowering blood pressure, and promoting effects such as antioxidation,
antipermeability, anti-inflammation, as an analgesic, and anticancer properties 2212311241 a5 well as antimicrobial
and antiviral activites 23, In addition to this, they are used in traditional treatments in China to prevent
cardiovascular diseases, arteriosclerosis, and burn injuries [281271[28]

Triacylglycerols are the principal components of Camellia oils, with a high proportion of oleic and linoleic acids and
low saturated acids. This general lipidic profile is associated with well-known health properties. The oil yield of
seeds from this plant is high, being on average 30% oil per seed. However, the seed oil content varies according to
species, cultivar, and environmental conditions 2239, The profile of fatty acids (FAs) allows correlation to be made
with their botanical origin, which is a very important aspect from a commercial point of view, since the traceability of
these oils is mandatory to avoid fraud by adulteration. The properties of the oils are also dependent on the FAS’
composition. The degree of unsaturation and chain length, and the presence of polyunsaturated FAs, appear to
increase the potential beneficial properties of these oils 1. The unsaturated FAs content in Camellia oil can reach
as much as 90%, which is the highest amount so far reported for unsaturated FAs in edible oils 2222331 |n recent
years, Camellia oil became one of the most popular and expensive edible vegetable oils on the market in China,
being more susceptible to adulteration with other cheaper oils by unscrupulous traders for high profits. Another
aspect of fraud, the mislabeling of oil extraction methods, and geographical or origin, also destabilize the
local Camellia oil market economies 4. The method for Camellia oil authentication currently used officially,
employing gas chromatography (GC) techniques, includes the FAs' composition. The increased demand
for Camellia oil made the development of rapid and reliable methods for the unequivocal chemical plant species oil

characterization associated with the quality of the edible oil a priority objective to avoid commercialization of
adulterated Camellia oils [Z2IS81[371[38](39]

To determine the FA composition, a wide variety of analytical methods are available. In this context, traditional

methods are gas chromatography with flame ionization detectors (GC-FID) % or gas chromatography-mass
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spectrometry (GC-MS) 1, |n these methods, a pretreatment of the sample is necessary to convert the FA into the
corresponding methyl esters (FAMES). So, these methodologies are tedious, time-consuming, require the use of
FAs standards, and involve complicated pretreatment of the samples prior to analysis, such as the triacylglycerol

hydrolysis and esterification that could face problems of oxidation during the derivatization process 42[431144]

Currently, new, rapid, and nondestructive methods such as Near-InfraRed (NIR), Raman Spectroscopy, and
Nuclear Magnetic Resonance (NMR) techniques were recognized as alternative analytical tools in combination with
appropriate chemometrics in oil quality control “3]. Specifically, recent studies confirmed that NMR is a powerful

tool for qualitative and quantitative analysis of FAs composition in edible vegetable oils [22140][46][47][48][49](50]

| 2. Results and Discussion on Camellia Seed Oils

2.1. Oil Content

Seeds of all Camellia species contain oil. However, oil content and quality may vary with species 1. High seed oil
variability is likely the result of several factors, including environmental variables such as soil, altitude, light, rainfall,
humidity, and temperature, all playing a key role, as previously demonstrated for a variety of plants B2, Thus, seed
oil content (SOC) of traditional Camellia varieties can range between 24% and 50%, with an average about 30%
(291 C. oleifera, which is the earliest species exploited for edible oil, accounting for 98% of the Camellia cultivated
area in China, was previously reported to provide an SOC between 21% and 34% [52. Moreover, some of the
new C. oleifera cultivars can reach as much as 53% oil per dry seed 331,

In this study, seeds from different Camellia species (C. japonica, C. sasanqua, C. reticulata, and C. hiemalis Nakai)
were harvested in various locations in the province of Pontevedra (Galicia, NW Spain, Figure 1) during the last
four months of 2019. The percentage of seed oil extracted from Camellias varied from 16.1% to 31.9% for C.
japonica, and from 22% to 30.1% for C. sasanqua, providing mean values of 23.1% and 25.8%, respectively (Table
1). Thus, both species are appropriate candidates for use in Camellia oil production. C. reticulata and C.

hiemalis showed slightly lower values of 16.6% and 22.6%, respectively.

Figure 1. Camellia locations.
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Table 1. Origin and quality parameters of Camellia seed oils.

Sample Species

10

11

12

13

14

15

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C. japonica

C.
sasanqua

C.
sasanqua

Origin-Code

Cuntis

EFA-826

EFA-942

Quifnones de Ledn/O Castro-
876

Quifiones de Le6n/O Castro-
877

Pazo de Lourizan

Pazo de Gandarén

Castelo de Soutomaior

Pazo de Rubianes—Hob Hope

Pazo de Rubianes—Augusto
Leal

Pazo de Rubianes—Momoiro—
Bokuhan

Pazo de Rubianes—Bento de
Amorim

Pazo de Rubianes—Royal
Velvet

EFA-826

EFA-942

Harvest

Sep.

Sep.

Sep.

Aug.

Aug.

Sep.

Aug.

Sep.

Nov.

Nov.

Nov.

Nov.

Nov.

Sep.

Sep.

Extraction
Yield

(wiw, %)

26.0

31.9

21.6

24.0

24.0

28.4

23.2

19.7

16.1

17.5

27.3

16.1

24.1

30.1

25.0

. lodine
Acid Value Value
(mg KOHIg (g 1,/100 g

Oil) Oil)
5.61+0.02 79.1+05
jk de
0.39+0.00 82.2+0.0
b g
1.81+0.02 82.2+0.2
€ g
555+0.04 83.2+0.1

i gh
5.66 = 0.00 85.6+ 0.0
k
560+0.01 78.7+04
ik cd
452+0.04 765+0.1
i b
5.61+0.00 80.9+0.2
ik f
5.62+0.00 79.4+0.1
jk de
5.63+0.00 78.8+0.5
ik cd
5.62+0.00 80.1+0.2
jk ef
5.62+0.02 70.3+0.4
jk a
5.61 £0.00 83.1+0.3
jk gh
0.52 + 0.00 89.8+0.1]
©
1.07+0.00 82.3+0.0
d g
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Extraction . lodine
vieldg  AcidValue . e
Sample Species Origin-Code Harvest
ple Sp 9 (wiw, %) (M9 KOHIg (g 121100 g
! Qil) Qil)
16 c Pazo de A Saleta Oct. 22.1 217£00L 920205
sasanqua f k
C. . 3.41 £ 0.06 83.9+0.4
17 sasanqua Pazo de Rubianes Nov. 26.1 [54] g h Jne of the
[51] ex of the
18 .C' San Vicente do Mar Oct. 16.6 EHElE) 2 B TI2ELS .
reticulata h b 1 value is
d thermal
. . . 5.64 +0.00 83.0+0.4
19 C. hiemalis Pazo de Rubianes Nov. 22.6 i gh edible oil,

this parameter was determined for all Camellia oils in this study to compare with the standard values legislated by
the official olive oil method, according to the Spanish and International regulation B2, Thus, Extra Virgin Olive Oil
Fitat RERCGD SUARURIENER & ARID 6 BSHE IBEH B STaBI8S ARG STBRAAEHURR dBaindla Rifersan I5iaHe
(IR SO SO dRdicaigintrHinal ;8198 EaNL AL IHECED RAMEBHATIESIPsh802d: low values, below the
maximum authorized in olive oil for food/industrial purposes. Among species, C. japonica, with a greater number of
samples analyzed, presented great variability in its composition (Table 1), with the oils from EFA being the ones
that presented the lowest values (0.39 and 1.81 mg KOH/g oil). These results were also similar to the one (1.7

mg/g) found in the literature for the same species 28],

lodine value is also an oil quality index representative of the number of unsaturated C-C bonds from FAs. Results
obtained for the iodine index of Camellia oils were compared with those set by the official method for olive oll,
ranging from 70.3 to 92.0 g 1,/100 g oil (Table 1). There is no regulation for Camellia oil in Spain, but values
between 75 and 90 g 1,/100 g oil are set as healthy by Spanish legislation, and therefore they were used as a
reference B3, Thus, iodine values obtained for the different species of Camellia oils were, in general, similar to
those referred to as healthy by Spanish legislation, with only two samples (S12 and S16) out of this range, since
they showed iodine values slightly out of this range (Sample 12, Pazo de Rubians—Bento de Amorim, with 70.3 +
0.4, and Sample 16, C. sasanqua from Pazo de A Saleta, with a value of 92.0 £ 0.5). Furthermore, the values
obtained in C. japonica were really close to that of 79.9 g/100 g obtained by Zeng and Endo, (2019) 38! for the

same species.

2.3. GC-FID Analysis

FAs composition is one of the most important indexes in edible oils, closely related to their price BZ. The proportion
of saturated and unsaturated FAs varies in edible oils. This FAs profile of edible oils is closely related to lipid
oxidation, product quality, and function of vegetable oils. Thus, highly unsaturated FAs’ (UFASs) oil content is more
expensive because consumers assume that they are healthier. Furthermore, the price of edible oils is different in
any place depending on factors such as the local availability of the vegetable source needed to extract the oils, the
mechanization of agriculture, and the economy of the oil production area, among others 21, For example, the price

of olive oil with a fairly mechanized production and cultivated in large areas of the south of Europe is relatively
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higher than that of soybean oil produced mainly in China, US, Argentina, and Brazil, with the latter more expensive
than palm oil, which is the most widely consumed vegetable oil. Indonesia and Malaysia are the top palm oil

producers, followed by Thailand, Nigeria, and Colombia.

Camellia oil has a very similar FAs profile and physicochemical properties to olive oil, being given with the
designation of “oriental olive oil”. It is rich in UFAs (>90%), especially oleic acid (74-87%), as well as in other type
of compounds such as polyphenols, fat-soluble vitamins (Vitamins A, B, E), and minor unsaponifiable matters (2—

5%), including squalene and phytosterol, etc., BLI58],

In this work, the FAs composition of Camellia oils from different species were analyzed by GC-FID as methylated
derivatives (FAMEs) and the results expressed as mean values * standard deviations as shown in Table 2. All
tested samples contained similar FAs composition, showing nine common FAs compounds. Among them, oleic
(C18:1), palmitic (C16:0), linoleic (C18:2), and stearic (C18:0) acids were the predominant FAs, which accounted
for 98.5-99.5% of the total, similarly to the results found for total FAs composition of extra virgin olive oil (97.5%)
used as a control. Oleic acid (C18:1) was the major component in Camellia samples, ranging from 77.9% to 83.6%,
followed by palmitic acid (C16:0, 8.2% to 10.8%), linoleic acid (C18:2, 3.9% to 8.0%), stearic acid (C18:0, 1.7% to
3.9%), and linolenic acid (C18:3, 0.23% to 0.45%). Other fatty acids, such as myristic (C14:0), palmitoleic (C16:1),
arachidic (20:0), and eicosenoic (C20:1) acids, were found in concentrations lower than 0.2%. Due to
the Camellia oil characteristics based on a high oleic acid content and the presence of essential fatty acids (C18:2
and C18:3), which cannot be synthesized by the human body and need to be solely supplied through
diet, Camellia oils may provide health functions, such as the lowering of blood pressure, cholesterol, and
triglycerides, and thus prevent cardiovascular diseases, cancer, hypertension, and autoimmune disorders. It is also
of value in protecting the liver against peroxidative damage, as was stated by the carbon tetrachloride-induced

hepatotoxicity model B2,

Table 2. FAs composition by GC/FID, expressed as % total fatty acids.

SampleC14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 ySFA MUFA PUFA YUFA
0.06 824 010 205 8220 556 0.29 0.05 0.29

1 + * * + * - * * * 1040 8259 585 8845
001 026 002 005 066 012 002 001 002 > : : :
bc a a—Cc b—d f-h c—e a—Cc ab ab
006 917 010 243 8159 512 023 005 057

2 + * * * - + * + 1170 8226 535 87.61
001 005 001 009 048 009 002 001 007 - : : :
bc d-f a—C g—i e-h b—d a ab f
004 946 012 236 8096 565 031 004 036
+ + + + + + + + +

3 11.00 8144 596 87.40

0.01 023 001 008 047 0.06 0.03 001 0.03
a e—g a—C f=h c—g e a—d a b—d
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SampleC14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 ySFA MUFA PUFA YUFA

10

11

12

13

0.07
+

0.01
c

0.07
+

0.01
c

0.06
g
0.01
bc

0.05
+
0.01
ab

0.05
+
0.01
ab

0.05
+
0.01
ab

0.05
-+

0.01
ab

0.07
+

0.01
Cc

0.06
+
0.01
bc

0.06
+
0.01
bc

9.80
+

0.11
gh

9.53
+

0.08
fg

9.26
+

0.05
d—f

10.41
+
0.22
i

9.05

9.13

0.07
def

8.67

0.08
bc

8.99

0.10
b-d

0.09
+
0.01
ab

2.14
+

0.09
c—f

2.11
+

0.06
c—e

2.29
+

0.07
€e-g

2.28
+

0.07
defg

2.46

81.07
+

0.56
d-g

81.12
-+

0.47
d-g

81.06
-+

0.56
d-g

6.41
+
0.07
f

0.30
+

0.04
a—d

0.25
+

0.03
ab

0.32
+

0.02
a—d

0.26
+

0.04
abc
0.32
+
0.03
a—d

0.25

0.04
ab

0.32

0.03
a—d

0.28

0.06
a—C

0.08
+

0.01
bc

0.07
+

0.01
a—Cc

0.07
+

0.01
a—c

0.05
+

0.01
ab

0.09
+

0.01
Cc

0.05
+

0.01
ab

0.06
+

0.01
a—c

0.06
+

0.01
a—c

0.08

+
0.01
Cc

0.06

+
0.01
a—c

0.37
+

0.03
b—d

0.24
+

0.03
a

0.33
+

0.02
a—Cc

0.28
+

0.02
ab
0.53
+
0.03
ef

0.53

0.03
ef

0.44

0.04
c—e

0.44

0.04
c—e

12.09

11.78

11.67

12.78

11.64

10.15

12.14

10.98

12.69

11.83

81.53

81.48

81.51

79.33

79.81

83.59

82.20

83.25

84.16

83.41

6.71

6.62

5.93

7.38

7.75

5.43

6.16

5.30

4.23

5.34

88.24

88.10

87.44

86.72

87.56

89.02

88.36

88.55

88.39

88.76
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SampleC14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 ySFA MUFA PUFA YUFA
0.05 859 007 212 8054 6.82 030 0.06 0.57

14 + * * + - - - + * 1082 8118 7.2 88.30
001 016 001 007 046 012 001 001 005 : ' : '
abc ab a c—e c—f fg a—d a-=cC f
005 886 010 257 79.00 7.44 045 005 082
15 + * * + - + * + * 1153 7993 7.89 8781
001 010 001 005 048 009 004 001 005 : ' : '
abc b—d a—C h—j b—d h ef ab g
006 905 013 248 7868 800 031 008 052
16 - * - * - - * * * 1166 7933 831 87.64
001 008 002 007 053 009 003 001 003 : ' ' :
bc c—e bc g—i bc i a—d bc ef
007 ., 011 195 79.36 695 036 006 043
17 + £ * * * - * + 1284 7990 731 87.22
001 oo 002 012 120 013 005 001 003 : ' : :
c e bc b—e gh ce abc c-e 1 was rich
.0%), and
0.05 011 317 77.97 7.18 041 004 035
10.32 .
18 + + * + * + * + £ aes 7843 759 geoy ) and
001 ;. 00l 007 076 007 004 001 004 : : 276 erence to
ab a—C k b gh d—f a a—C )
crease In
006 1020 013 1.85 7923 7.12 036 007 0.4 { linolenic
19 + * * + + - * + 1217 7979 7.49 8728 i
001 011 001 006 051 010 001 0.01 0.04 : : : 28 llia, such
bc hi bc ab b—d gh ce abc c-e olive oails,

which showed values between 54.1 and 75.5% 691,

Also, slight differences between total saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and

potlindQtat Rl FatRratY astisaMIERS tHIRIRPHIPRIALRF: 'BIY it B vRobe BpEERAted s 3gk), Ay
iBrapdTRiLrad iy GefTHRISUSS 2PRYIRERT MEaNsloiils ARSI EFREI AR £ SIandRrd sy ialiand e
Sh G IRNRSS (Ao DaAa0Me Rlvoan ngissiesiatssigaly Siguicant S fRrac Rt e pResamelr S A8l of
13.6% and 12.1%, respectively. The MUFA content is mainly due to the contribution of oleic acid, with a minor
contribution from other monounsaturated acids, with C. japonica being the species with the highest percentage in
reference to the other species studied, 79.3% to 84.2% and 78.4% to 81.2%, respectively. However, this trend is
the opposite in the case of PUFA, showing values from 4.2% to 7.7% in C. Japonica, while the values were higher
in the other species, ranging between 7.1% and 8.3%. In general, oleic acid (C18:1) is usually considered to be
more stable than linoleic (C18:2) and linolenic acid (C18:3). The results showed that Camellia oils contained high
levels of MUFA and low PUFA, favoring the nonappearance of unpleasant odors due to oxidation. Therefore, this

may be a justification of the suitability of this oils for cosmetic applications and for cooking at high temperatures 58,
2.4. GC-MS Analysis

Gas chromatography-mass spectrometry is a practical and powerful analytical technique used for the quantification

of fatty acids, and also commonly used as a separating criterion for Camellia oil authentication (1. The results
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obtained using the method based on GC-MS (Table 3) were analogous to those using the GC-FID methodology
previously described. However, some differences were found. Although the values for the main compounds,
namely oleic (C18:1), palmitic (C16:0), linoleic (C18:2), and stearic (C18:0) acids showed similar ranges in both
techniques, the minor fatty acids myristic (C14:0), palmitic (C16:1), linolenic (C18:3), and arachidic (C20:0) acids
presented values lower than 0.2%, and therefore, they were not quantified. The limits of quantification from GC-MS
are usually higher than those from GC-FID. For example, Dodds et al., (2005) 2 found for standard FAMES that
the limit of quantification (LOQ) of myristic acid (C14:0) is five times higher for GC-MS than that of GC-FID, e.g.,
2.52 pmol and 0.50 pmol, respectively. Also, higher LOQs were found by GC-MS for the compounds palmitic
(C16:1), linolenic (C18:3), and arachidic (C20:0) acids, which, due to the low concentrations found in the samples,

did not allow for their quantification.

Table 3. FAs composition by GC/MS, expressed as % total fatty acids.

Scheme . . Ci18:1 C18:1 Cl18:2 C20:1
e ClE0 €180 o s 6.9 w9 ISFA MUFA PUFA SUFA

) 660+ 166+ 871+ 072+ 3.50 + 0(')231* a5 8507 950 916
000c 002ef 01gh 003df 002d o : : : :
744+ 194+ 865+ 0.76 + 308+ 024+

& 007fg 004ij 01fg 004d-g 003bc 002bc °>oo 8753 308 9062
68ar 84T 7oy 0.66 + 312+

3 oo e o.o? & otsee ooepe ND 848 8843 312 9152

. 7.80 + 016618:_ 85.3 + 092+ 406+ 022 o o oo oo
006hi 02c-e  006h  009ef 000a ° : : :
751+ 158+ 861+ 0.90 + 375+ 020+

° 0.03gh 0.01de 0.1 ef 0.07 gh 0.04de 0.01a 9.09 8rir 375 9091

6 S0Es R e D g '(f; fi ND 953 8620 427 9047
0.17i 0.02cd 0.3de 0.01 d—f ' h a ' ' ' '

7 T L 0.89 = g 'gg fi ND 935 8553 435 89.86
0.01] 0.02a 0.lc 0.02 gh ' ) - ‘ ‘ ' '
692+ 1.86+

87.6 + 0.66 + 3.01 +

8 0.12 o o.o:ia - oani 0tsee o148 ND 878 8823 301 91.22
607+ 127+ 892+ 062+ 279+

& 002a 00lb  0.1j 004c-e  0.06b A2 L
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Scheme _ . Cc18:1 C18:1 C18:2 C20:1
16, Cl60 CI80 . otrans @-6.0 .0 XISFA MUFA PUFA SUFA
745+ 205+ 855% 1.18 + 349+ 029%
10 0.11fg  0.08j  0.6de 0.06 | 039cd o001c OO0 8703 349 9050
717+ 139+  87.4% 0.80 + 2092+ 0341
= 0.08ef 0.05bc 0.3 hi 0.06%-h  011b o001c o°6 8850 292 9144
638+ 276+  87.9% 0.92 + 2.08 +
12 0.05b 0.5l 0.2i 0.0lgh  0.09a ND 914 88rr 208 90.86
706+ 202+ 87.1% 0.77 + 3.02+
13 011de 0.03]j 03g-i 002e-h 0.14b ND 9.08 8790 3.0z 90.92
” 711+ g'g,?ff 85.6 + 053+ 454 04l: oo oo Lo g0
0.10de 02de  00lac 0.05gh 0.00d ' ' ' '
717+ 197+  852% 0.57 + 470+ 038+
15 0.03e 001j 0lcd 000b—d 003h o000d 14 8613 470 9086
e 750+  OSfE g3ax 042+ 653: 033 . oo oo oo
0.11gh 9 0.3b 0.04 a 0.15i 0.0lc ' ' ' '
839+ 146+  85.2% 0.75 + 4.21 +
1 006j 005bc 03cd 0.05d-h  0.20fg ND 985 8593 421 9015 the ability
9.32 2.64 83.3 0.46 4.03 0.21 ate peaks
32+ 64 3+ 46 .03+ 21+ _
18 0.07k  0.02k 02b 0.02 ab 0.15ef 001a 249 8400 403 8804 5C with a
id (C18:1
19 784+ 128+  86.0% 0.65 + 4.23 + \D 017 8667 493 9088

0.07 i 0.03b 0.1 ef 0.04 cf 0.03 fg

The oils found in nature are in the form of triglycerides, fatty acids generally found with saturated and unsaturated

bonds, and the FAs containing double bonds are usually stable as cis isomers. A small percentage of these acids

S ASBET 125 1i% R a4t d SORTIGE AR N HHB St HAfe P YRS Ut SV ORRE Bbiy Bhs BYVQRE AHRP aPPCS T5EA:
{15 URCROMHLRHRRY S B iRBalHIRAIRAL YRS GUNRSR: BRIV I AT Hedh CRRIRAE bavamsiY RS

§ifeRtS: Mo HBBRSE BIrURIR RGNS 20 FoRtERHIES B IR SRR Gtk Rl YBRYaRE dftEiSRESE betwOM
%HB%?@W?QO%SFV low amounts of C18:1 w-9 trans (from 0.42% to 1.18% depending on the species) in all

samples. In contrast, the presence of C18:1 w-9 cis was higher, with values ranging between 83.3% and 89.2%.
This is of great importance due to the different healthy properties of this compound found in high quantities
in Camellia oils.

MS-chromatographic techniques were widely employed in oil quality and safety assessments, with a high
specificity and sensitivity to quantify those targeted analytes (FAs) to have a rigorous control (authentication and
classification) of samples. However, as in the case of the GC-FID technique, it involves tedious, destructive, and
extensive sample preparation. So, these conventional chromatographic techniques have a number of limitations for
further quality control oil applications.
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2.5. H-NMR Analysis

The NMR spectroscopy was extensively used for oil analysis, and it was established as a valuable tool for the
assessment of the quality and authenticity of olive oil 8463 NMR was used to develop accurate analytical
fingerprinting methods for the authentication or certification of the geographical origin of olive oils aided by suitable
chemometric analysis 88671 Studies of time, thermal, and oxidative stability of olive oils by NMR analysis were
also powered by multivay chemometric methodologies [€8l89, Also, IH-NMR combined with chemometrics were
employed for the prediction of fatty acid composition 2%, to detect the adulteration of Camellia oil 49, and to

determine oxidative stability in Camellia oils 29,

In previous work, Feas et al., (2013) 2 determined the FA profile of three species of Galician Camellia oils (C.
oleifera, C. reticulata and C. sasanqua, see Table 4 samples 21-23) collected at the Estacion Fitopatoldxica do
Areeiro in 2011, with values ranging between 82.3% and 84.5%, 5.69% and 7.78%, 0.26% and 0.41%, and 8.04%
and 11.2%, for oleic, linoleic, linolenic, and saturated acids, respectively. These values demonstrate that the FAs
composition remained fairly stable over time for these species in the region. In this methodology, Feas et al. used
the tertiary hydrogen of the glyceryl group (& 5.25 ppm) as the key indicator to estimate the FAs composition. The
magnetic field for providing good results was established as 17.6 T (750 MHz) to avoid signal overlapping of
protons of the acyl and glyceryl groups (5.32 and 5.25 ppm, respectively, see Table 5). However, the NMR
equipment at 750 MHz is of high cost, which would make the technique not easily available and therefore not
applicable. To improve the applicability of the TH-NMR technique for the determination of the FA composition
in Camellia oils, an adaptation of the Barison method was carried out in the present work taking as reference a
more common NMR instrument of 400 MHz 2! (Table 6).

Table 4. FAs composition by 1H-NMR, expressed as % total fatty acids.

Sample Species C18:1 (MUFA) C18:2 C18:3 YSFA PUFA 3>YUFA
1 C. japonica 89.9+04f 5.78 £ 0.19 b—e ND 12.36 5.78 95.63
2 C. japonica 86.3+04¢e 4.33+0.00 a ND 12.92 4.33 90.63
3 C. japonica 86.0 £ 0.2 de 5.33+0.00 bc ND 12.64 5.33 91.35
4 C. japonica 943+03¢g 7.33 £ 0.00 hi ND 15.25 7.33 101.63
5 C. japonica 96.4 £ 0.6 hi 7.33 +£0.00 hi ND 14.75 7.33 103.69
6 C. japonica 86.4+0.2e 7.11+0.19 g—i ND 13.75 7.11 93.46
7 C. japonica 85.6 £ 0.9 de 6.67 £ 0.33 e-h ND 14.25 6.67 92.30
8 C. japonica 89.6 £ 0.3 f 5.33 £ 0.00 bc ND 13.36 5833 94.96
9 C. japonica 90.4+0.7f 5.22+0.19b ND 11.64 5.22 95.58
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Sample Species C18:1 (MUFA) C18:2 C18:3 YSFA PUFA JUFA
10 C. japonica 98.1+0.8i 6.33 +0.33 d—g ND 14.69 6.33 104.41
11 C. japonica 97.8+0.3i 5.11+0.19 ab ND 13.63 5.11 102.91
12 C. japonica 94.5+1.0gh 5.11+0.19 ab ND 16.02 5.11 99.63
13 C. japonica 93.3+04¢g 5.56 £ 0.19 b—d ND 13.91 5.56 98.85
14 C. sasanqua 84.7+0.1c—e 6.67 £ 0.00 =h ND 12.25 6.67 91.41
15 C. sasanqua 83.6+0.1lc 7.67£0.001i ND 12.86 7.67 91.24
16 C. sasanqua 85.7+0.2 de 10.33£0.00 ND 13.80 10.3 96.08
17 C. sasanqua 84.1+0.3cd 7.33 £0.00 hi ND 14.36 7.33 91.41
18 C. reticulata 81.0+05hb 7.11+0.19 g-i ND 17.25 7.11 88.07
19 C. hiemalis 91.1+£1.7f 7.89+£0.77i ND 14.58 7.89 98.96
20 * C. japonica 80.7 6.65 0.29 12.4 6.94 87.64
21 ** C. sasanqua 82.3 6.20 0.30 11.2 6.50 88.80
22 ** C. reticulata 84.% 5.69 0.26 9.58 5.95 90.42
Peak & (ppm) Multiplicity Functional Group Compound
1 5.32 m —CH=CH- acyl group
2 5.25 m —CH-O-COR glyceryl group
3 4.27 dd —CH,-O-COR glyceryl group d. JUFA:
ation (n =
4 2.74 t =CH-CH,—CH= acyl group (linoleic and linolenic group) between
5 2.29 dt —OCO-CH,— acyl group
6 2.01 m —CH,—CH=CH- acyl group
7 1.61 m —OCO-CH,—CHo— acyl group
8 1.29 m —(CHjy)n— acyl group
9 0.98 t —CH=CH-CH,—CHj; linoleic acyl group
9 0.88 t —CH,—CH,—CH,—CHg3 saturated oleic except linoleic acyl group
Table 6. Signal identification and quantification according to Barison’s method.
' Fétty'A'ci'd' ‘Label HNMR 'Sig'nall " Reference Area (Sibhal) - Subtration
Linolenic E 0.98 ppm 22.2 --
Linoleic A 2.74 ppm 3383 2 x linoleic
https://encyclopedia.pub/entry/14544 12/21
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Fatty Acid Label H NMR Signal Reference Area (Signal) Subtration
Oleic © 2.01 ppm 16.7 linolenic and linoleic
Saturated B 2.29 ppm 3383 linolenic + linoleic + oleic 'S ranging

from 81.0% to 98.1%, 4.33% to 10.4%, and 11.6% to 17.3% for oleic acid (C18:1), linoleic acid (C18:2), and
saturated acids, respectively. In most cases, the fatty acid contents found were close to the levels showed in
chromatographic analysis and comparable with data from the literature based on NMR analysis of
Galician Camellia oils B2 |n general, the content of oleic acid (C18:1) in C. Japonica (91.4%) and C.
hiemalis (91.1%) showed average values higher than in C. sasanqua (84.5%) and C. reticulata (81.0%),
although C. japonica showed a wide variability, including that of linoleic acid in the range 4.3—7.3%. No significant
amounts of linolenic acid (C18:3) were detected. The slight differences in the FA profile between chromatographic
and NMR samples may be due to the approximations implied in Barison’s method based on two approaches: (1) All
fatty acid acyl chains were esterified on the glycerol moiety, and (2) there were no free fatty acids in the samples
[ |n relation to this, neither di- nor monoacylglycerols were detected, as confirmed by the absence of peaks in
the spectrum at 4.12 and 2.27 ppm, respectively. Also, the acid value in all Camellia oil samples is lower than 6 mg

KOH/g of oil, and therefore Camellia oils are optimal candidates for the application of this methodology.

The application of the *H-NMR methodology developed to determine FA content in Camellia oils is simpler and
faster than conventional methods due to the absence of sample pretreatment, low-reagent consumption, short
analysis (approx. 3—4 min), excellent repeatability, and fully automatic routine protocol in the NMR software [201[50]
[zq. Although currently the costs per sample are affordable, however, professional operating personnel are
necessary. Moreover, this technique avoids problems such as lipid oxidation present in the traditional GC analysis,
it does not require the use of standards, it is a nondestructive technique, and it provides information about
distribution of FAs (Figure 2) [Z2IZ21l74]
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Figure 2. Structure of FAs and *H-NMR spectrum at 400 MHz of camelia seed oil.
2.6. Principal Component Analysis (PCA)

Principal component analysis (PCA) was used to identify the parameters, mainly fatty acids, that better separate 19
seed oils from four species of Camellia, namely the most widespread C. japonica and C. sasanqua, and the less
common species C. reticulata and C. hiemalis. Figure 3A—C show the biplot of the two main principal components
(PC1 and PC2) characterized by the common parameters studied in samples including iodine and acid values,
extraction efficiency, and the FAs profile studied with the gas chromatography techniques (GC-FID and GC-MS)
and the proton nuclear magnetic resonance technique (*H-NMR). This FA profile presented saturated FAs (C14:0,
C16:0, C18:0 and C20:0), total saturated FA (> SFA), total unsaturated FAs (C16:1, C18:1, C18:2, C18:3, and
C20:1), total monounsaturated FA (MUFA), total polyunsaturated FA (PUFA), and total unsaturated FA (3 UFA). The
cumulative explained total variance ranged from 54.31% (GC-FID) and 67.76% (GC-MS) for the chromatographic
techniques to 67.84% for 'H-NMR technique.
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Figure 3. Principal component analysis plot of Camellia oils from different species. FAs were determined by (A)
GC-FID, (B) GC-MS, (C) 'H-NMR.
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