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Plant oils form a major component of our nutrition and also have various applications in
medicine and industry. In Benue state, many plant seed oils are used for food and as components
of traditional medicine. However, the levels of unsaturation of many of these oils has not been
determined. A study of twenty (20) medicinal plants (Abrus precatorius, Albizia lebbeck,
Anacardium occidentale, Annona muricata, Canarium schweinfurthii, Chrysophylium albidum,
Citrullus lanatus, Citrullus colocynthis, Citrus senensis, Cucumeropsis mannii, Cyperus
esculentus, Dacryodes edulis, Delonia regia, Elaeis guineensis, Irvingia gabonensis, Moringa
oleifera, Parkia biglobosa, Phoenix dectylifera, Sphenostylis stenocarpa and Terminalia
catappa.) seed oils was conducted to determine the levels of unsaturation and percentage
composition of saturated fatty acids, mono unsaturated fatty acids and poly unsaturated fatty
acids in the oils. The medicinal plant seeds were extracted in organic solvent (hexane) at room
temperature by maceration. 1D and 2D Nuclear Magnetic Resonance (NMR) spectroscopy was
conducted on the extracted oils. The NMR spectra obtained were processed and interpreted. The
results were used to classify the oils based on their saturated, monounsaturated and
polyunsaturated fatty acids content. Most of the oils were unsaturated and triglycerides while
oils from Irvingia gabonensis, Phoenix dactylifera and Elaeis guineensis contained mainly
saturated fatty acids.
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Introduction
The hexane extracts of medicinal plants are known to yield
either in the crude or upon fractionation, fats and oils hence extraction
with hexane and other non-polar solvents is commonly described as
defatting. These oils or oil fractions are usually non-volatile or fixed
oils which are often difficult to purify to single components. However,
they are also found in certain amounts in polar solvent extracts
especially whole extracts. They also form part of traditional or
medicinal alcoholic or aqueous extracts. Chromatographic separation
and purification of plant extracts usually yield these oil constituents as
mixtures of triglycerides and fatty acids or as impurities in other
fractions and compounds. Several of these medicinal plant oils have
medicinal properties such as chaulmoogra oil active against
Mycobacterium leprae and effective in treating early cases of leprosy,1
castor seed oil and its industrial applications 2 and olive oil with its
medicinal uses.3,9 There is presently a demand for oils as renewable
bioresources for industrial and other purposes apart from food use.
This has necessitated the reassessment of plant species for the
provision of rare or novel fatty acids. Some common fatty acids
identified in plant seed oils include stearic acid 1 which is saturated,
oleic acid 2, monounsaturated, linoleic acid 3 and linolenic acid 4
which are polyunsaturated (Figure 1).4 Compounds or products and
oils with different properties could be useful especially as biodiesel,
nutritional supplements or production of cosmetics, paints and other
industrial materials.
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To this effect, seed crops are being assessed and emphasis is placed on
species that do not compete with food crops and with high yield of
fatty acids with unusual fatty acids.5 It is therefore pertinent to analyse
the oils from seeds, stem or bark of these common medicinal plants to
know their fatty acid composition as much as possible. One
established method for the determination of fatty acid composition of
oils is the acid value. The level of unsaturation is usually determined
by the iodine value. However, being titrimetric methods, these
techniques depend on colour changes at an endpoint, hence it may be
difficult to obtain accurate results for certain or strongly coloured
samples. The techniques are relatively slow, requires large amount of
samples and use reagents that could be toxic. NMR spectroscopy is
now emerging as one of the analytical alternatives to the classical
techniques for the analysis of lipids, especially for the determination
of relative composition of saturated, monounsaturated and
polyunsaturated fatty acids.6 NMR spectroscopy has the advantage of
being non-destructive and non-invasive. It is quick, straightforward
and produces information on the composition of a mixture even in a
single spectrum, without the need for derivatization or pre-treatment
of the sample. It uses very small amounts of sample and organic
solvents or reagents. And because the integral of a signal is
proportional to the relative number of the corresponding nuclei, it is
possible to directly determine molar concentrations from an NMR
spectrum.7,8 In this study, 1H NMR was used to investigate and
classify twenty (20) seed oils on the basis of their saturated,
monounsaturated and polyunsaturated fatty acid content.

Materials and Methods
Sample collection and preparation
The seeds of the following plants were collected between the month of
January and May 2021 from around Makurdi, Benue State, Nigeria:
Colocasia esculenta, Annona muricata, Albizia lebbeck, Phoenix
dactylifera, Delonix regia, Abrus precatorius, Terminalia catappa,
Chrysophyllum albidum, Sphenostylis stenocarpa, Cyperus esculentus,
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Moringa oleifera, Citrus senensis, Canarium schwenfurthii,
Dacryodes edulis, Elaeis guineensis, Cucumeropsis mannii, Citrullus
lanatus, Parkia biglobosa, Anacardium occidentale and Irvingia
gabonensis. The seeds and their source plants were identified by Dr.
David O. Ekhuemelo of the Department of Forest Products and
Production, Joseph Sarwuan Tarka University, Makurdi.
Extraction
The samples were prepared and extracted according to earlier
described procedures5,6 with little modifications. Each seed sample
was weighed after the husk was removed. The weighed samples were
dried under shade at ambient temperature. Samples were weighed
every 24 h until a consistent mass was observed for three consecutive
times. The dried samples were pulverized with a porcelain mortar and
pestle and stored in paper bags. Each of the pulverized samples (200
g) was macerated separately at room temperature in hexane (500 cm3)
by soaking in the solvent contained in glass jars and stirring
intermittently for 24 h, after which it was decanted to obtain a hexane
extract. The solvent was removed on a rotary evaporator (at 40 ℃) to
obtain the extracted oil. The process was repeated twice on the
extracted material. The extracted oils were transferred into preweighed sample bottles and stored for further experiments. Percentage
(%) yield of the oil was calculated as
x 100 and
presented is presented in Table 1.
NMR analysis
1
H and 2D NMR analyses were performed on a Bruker DRX 400
spectrophotometer (400 MHz for proton and 125 MHz for 13C) in
DMSO.

Results and Discussion
NMR analysis
The 1H NMR spectrum of the oil samples showed at least nine
characteristic signals due to protons of triglycerides and olefinic and
aliphatic protons on the fatty acid chains. The samples showed two
oxymethylene signals at 4.12 (2H, dd, J = 11.9, 6.0 Hz, H-1) and 4.28
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(2H, dd, J = 11.9, 4.3 Hz, H-3) ppm (signal c-1 and c-2, Figure 1)
while the glycerol oxymethine (signal b, Figure 1) was observed at
5.25 (1H, ddd, J = 10.2, 6.1, 4.4 Hz, H-2). The signals for the olefinic
protons on the fatty acid chains appeared at 5.32 ppm (signal a, Figure
1). Triglycerides containing fatty acids with two or more double bonds
showed signals at 2.75 (2H, t, J = 6.3 Hz, H-11') ppm (signal d, Figure
1) due to bisallylic protons while the allylic protons were observed at
1.99 (2H, q, J = 6.6 Hz, H-4', H-14')4,5,8. The signals for protons
attached to the three α-acyl carbon atoms of the triglycerides appeared
at 2.29 (2H, td, J = 7.5, 2.1 Hz, H-2') while the β-acyl protons
appeared at 1.59 (2H, tq, J = 10.5, 7.0, 5.3 Hz, H-3') ppm. The 1H
NMR spectra of each oil sample showed a signal between 1.99 – 2.03
(signal f, Figure 1). This signal is due to the methylene protons
attached to the allylic carbons of triglycerides. The allylic methylene
protons are present in both mono- and polyunsaturated fatty acids. The
presence of this signal in the NMR spectra of the samples imply that
each of them contain some amount of unsaturated fatty acids. Signals
for the terminal methyl protons of the fatty acid chains appeared at
0.86 ppm. (signal i, Figure 1). This signal is characteristic of all fatty
acid chains, whether saturated or unsaturated. 7 Signals for the
methylene protons of the fatty acid chains appear at 1.27 ppm. 7 This
signal in the triglycerides appeared at the same position (signal j,
Figure 1). Using the 13C and 2D NMR spectra for a typical triglyceride
5 (Figure 2) from Cyperus esculentus (Supplementary data 1) and a
typical non triglyceride from Citrullus lanatus (Supplementary data
2), the structural features of the oils were confirmed as follows: For
the triglyceride, the 13C spectrum showed a total of 15 carbon signals
with a bunch between δC 28.5 and 30.0 ppm. The other signals were
for three carbonyls at 173.1 (2 x C=O, C-1 and C-3) and 172.7 (C=O,
C-2) while the glycerol carbons appeared at 68.9 ppm (C-2) and 62.0
(C-1 and C-3). Where there is unsaturation in the fatty acid chain, the
olefinic carbons appeared at 129.9 and 129.6 ppm. The methylene of
the allylic carbon was observed at 27.2 ppm, the bisallylic at 33.6
ppm. The α-acyl methylene (C-2') appeared at 34.0 ppm while the βacyl methylene (C-3') was at 24.9 ppm. The terminal methyl of the
fatty acid chain was observed at 14.0 ppm while the rest of the signals
were for the methylene chains on either side of the double bonds.

Table 1: Percentage Yield of Oil
S/N
1

Plant Name
Abrus precatorius

Mass of sample (g)
150.0

Mass of extracted oil (g)
0.2

Percentage yield
0.1

2

Albizia lebbeck

251.5

1.5

0.6

3

Anacardium occidentale

35.3

3.2

9.1

4

Annona muricata

200

33.4

16.7

5

Canarium schweinfurthii

33.9

3.6

10.6

6

Chrysophylium albidum

68.6

2.4

3.5

7

Citrullus lanatus

85.1

6.4

7.5

8

Citrus senensis

100.7

20.7

20.6

9

Cucumeropsis mannii

125.4

11.7

9.33

10

Cyperus esculentus

130.1

4.3

3.3

11

Dacryodes edulis

51.2

5.7

11.1

12

Delonia regia

200.8

1

0.5

13

Elaeis guineensis

85.1

18.6

21.9

14

Irvingia gabonensis

33.9

7.5

22.1

15

Moringa oleifera

131

17.2

13.1

16

Parkia biglobosa

67.4

2.3

3.4

17

Phoenix dectylifera

200.4

1.3

0.6

18

Sphenostylis stenocarpa

211.4

1.1

0.5

19

Terminalia catapa

58.6

11.1

18.9

20

Citrullus colocynthis

33.9

1.6

4.7
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The COSY spectrum showed correlations between the glycerol
protons (H-1, H-2 and H-3) and between the bisallylic and allylic to
the olefinic protons. The HMBC spectrum showed correlations from
the glycerol protons (H1-3) to the carbonyl carbons (C1'-C3')
respectively. The allylic and bisallylic protons showed correlations to
the olefinic carbon atoms while the glycerol H-1 and H-3 had
correlations to C-2 and H-2 to C-1 and C-3. Thus, the chemical shift
assignments for the protons and carbon atoms in the triglycerides were
made based on the 2D correlations and are given in Table 2.
The proton spectra for the non-triglycerides were similar except for
the absence of the glycerol protons. A typical non triglyceride oil
sample obtained from Citrullus lunatus was used to characterize these
oils based on its 2D NMR spectra. The proton spectrum was similar to
those of the triglycerides with all the chemical shifts identical except
for the absence of the signals for the glycerol moiety at δH 4.12 and
5.25 ppm. Its 13C spectrum showed only one carbonyl signal for the
carboxylic acid carbon at 180.4 ppm indicating an unesterified
carbonyl compared to the carbonyl in the triglycerides which appeared
at δC 172.7 and 173.1 ppm. The bisallylic carbons appeared at 25.6
and the allylic carbons at 27.5 ppm. The 2D correlations were
identical to those of the fatty acid chains in the triglycerides and they
confirmed the fatty acids to contain mixtures of saturated and
unsaturated fatty acid chains.
Determination of relative unsaturation
In order to calculate the relative percentage composition of
polyunsaturated (PUFA), monounsaturated (MUFA) and saturated
(SFA), the integration values of the bisallylic (d), the α-acyl (e) and
the allylic protons (f) as depicted in Figure 3 were used according to a
method by4,5. The relative amount of PUFA was calculated using the
formula
, MUFA =
. The sum of MUFA and
PUFA gives the relative total unsaturation of the oils and the relative
amount of SFA was calculated by
. Using these formulas, the
estimated percentage amounts of PUFA, MUFA and SFA for each of
the oils are given in Table 3
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1

H NMR spectra of oils from ripe and unripe palm kernel were the
same (Figure 4). This indicates that ripening does not affect the nature
of oils from palm kernel.

Figure 1: Common fatty acids from plant seed oils

R = acyl fatty acid.

Figure 2: Major triglyceride characterized by NMR
Comparison between oils from ripe and unripe kernel of Elaeis
guineensis

Figure 3: Proton NMR spectra of Canarium schweinfurthii (5), Anacardium occidentale (4), Citrullus lanatus (3), Albizia lebbeck (2)
and Annona muricata (1) seed oils with characteristic signals
Notes: a = olefinic protons, b = glycerol oxymethine protons, c1 and c2 = glycerol oxymethylene protons, H-1 and H-3, d = bisallylic protons, f = α-acyl
protons, e = allylic protons, g = β – acyl protons, h = methylene chain, i = terminal methyl protons on the fatty acid chains
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Table 2: 1H and 13C chemical shifts for triglyceride and non-triglyceride
Triglyceride
H (δ ppm) (mult, J in Hz)
4.28 (dd, 11.9, 6.0)

Non-triglyceride
H (δ ppm)

1

13

2

5.24 (ddd, 10.2, 6.1, 4.4)

68.9 (CH)

2

2.35

34.3 (CH2)

3

4.12 (dd, 11.9, 4.3)

62.1 (CH2)

3

1.64

24.8 (CH2)

173.1 (C)

4

29.3 (CH2)

Position
1

1ʹ

-

C (δ ppm)
62.1 (CH2)

Position
1

1

13

C (δ ppm)
180.6 (C)

2ʹ

2.29 (td, 7.51, 2.1)

34.0 (CH2)

5

34.3 (CH2)

3ʹ

1.59 (tq, 10.5, 7.0, 5.3)

24.9 (CH2)

6

29.5 (CH2)

4ʹ

1.99 (q, 6.6)

27.2 (CH2)

7

31.7 (CH2)

8

25.8 (CH2)

9ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.6 (CH)

9

5.36

130.1 (CH)

10ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.8 (CH)

10

5.34

128.2 (CH)

11ʹ

2.75 (t, 6.3)

33.7 (CH2)

11

12ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.6 (CH)

12

5.34

128.0 (CH)

13ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.8 (CH)

13

5.36

130.3 (CH)

14ʹ

1.99 (q, 6.6)

27.2 (CH2)

14

15ʹ

1.26

29.4 (CH2)

15

16ʹ

1.23

32.0 (CH2)

16

31.7 (CH2)

17ʹ

1.25

22.6 (CH2)

17

22.8 (CH2)

18ʹ

0.86

14.2 (CH3)

18

27.3 (CH2)

0.89

14.1 (CH3)

Figure 4: Stacked 1H NMR spectra of oils from ripe (2) and unripe (1) palm kernel
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Table 2: 1H and 13C chemical shifts for triglyceride and non-triglyceride
Triglyceride
H (δ ppm) (mult, J in Hz)
4.28 (dd, 11.9, 6.0)

13

2

5.24 (ddd, 10.2, 6.1, 4.4)

68.9 (CH)

2

2.35

34.3 (CH2)

3

4.12 (dd, 11.9, 4.3)

62.1 (CH2)

3

1.64

24.8 (CH2)

173.1 (C)

4

29.3 (CH2)

1ʹ

-

C (δ ppm)
62.1 (CH2)

Position
1

1

13

C (δ ppm)
180.6 (C)

2ʹ

2.29 (td, 7.51, 2.1)

34.0 (CH2)

5

34.3 (CH2)

3ʹ

1.59 (tq, 10.5, 7.0, 5.3)

24.9 (CH2)

6

29.5 (CH2)

4ʹ

1.99 (q, 6.6)

27.2 (CH2)

7

31.7 (CH2)

8

25.8 (CH2)

9ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.6 (CH)

9

5.36

130.1 (CH)

10ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.8 (CH)

10

5.34

128.2 (CH)

11ʹ

2.75 (t, 6.3)

33.7 (CH2)

11

12ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.6 (CH)

12

5.34

128.0 (CH)

13ʹ

5.32 (td, 7.27, 6.16, 4.22)

129.8 (CH)

13

5.36

130.3 (CH)

14ʹ

1.99 (q, 6.6)

27.2 (CH2)

14

15ʹ

1.26

29.4 (CH2)

15

16ʹ

1.23

32.0 (CH2)

16

31.7 (CH2)

17ʹ

1.25

22.6 (CH2)

17

22.8 (CH2)

18ʹ

0.86

14.2 (CH3)

18

Conclusion
A study of twenty (20) seed oils using proton and 2D NMR found that
the oil from Irvingia gabonensis contained mainly saturated fatty acids
(100 %). Similarly, oil from Elaeis guineensis and Phoenix dactylifera
contain high amounts (82.0 % and 53.0 %) of saturated fatty acids and
so may be good for use as cooking oils. The rest of the seed oils
studied contained majorly unsaturated fatty acids and can thus be used
as drying oils. There is no difference between the oil from ripe and
unripe palm kernel, hence they can be used for the same purposes as
ripening does not alter the oil composition.
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