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Abstract

Fatty acids composition of Corchorus olitorius Linn were identified as their methyl esters using
accurate mass gas chromatography quadrupole time of flight mass spectrometry (GCQTOF) in
chemical ionization (CI) and electron ionization (EI) modes. The leaves which are the edible part
of the plant were found to be very rich in w3-octadecatriene fatty acid reaching up to more than
49 % of the total fatty acids contents. This is the first report to unequivocally detect w-3 fatty acid
in Corchorus olitorius Linn with a much higher concentration than any other reported vegetable
and further investigation into its health effects are clearly warranted.
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Introduction

Corchorus olitorius of the Tiliaceae family is an annual, unbranched herb, 90 to 120 cm tall,
with glabrous stems, leaves 6 to 10 cm long and 3.5 to 5 cm broad, with pale yellow flowers
and black trigonous seeds [1]. It grows wild in Africa, Egypt, Middle East, Philippines,
Thailand, India and Nepal [2-6]. The plant is cultivated in Egypt for the leaves, which
provide one of the most popular potherb known as Molokhia [1]. India, Pakistan and
Bangladesh cultivate the plant for its fiber and as a folk medicine [7]. For Egyptians,
Molokhia has been the symbol of their homeland for a long period of time. It was shown to
have demulcent, diuretic, lactagogue, purgative and tonic properties and is used as a folk
remedy for aches, pains and swellings [8,9]. Phytochemical constituents of Corchorus
olitorius including bioactive molecules, proteins, carbohydrates and terpenoides were
reported in the literature, but little is known about its lipids and fatty acids composition
[10,11]. In this manuscript we used accurate mass GCQTOF to identify and quantify its fatty
acids composition.
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Methods

Reagents and standards

All general use solvents and chemical reagents were purchased from VWR (Sugar Land,
TX, USA). Iso-octane and 10% Boron trifluoride in methanol were obtained from Sigma-
Aldrich (Milwaukee, WI, USA). Complete set of fatty acids methyl esters both saturated and
unsaturated from C4 to C26 were obtained from Sigma-Aldrich (USA) and were used for
GC retention time comparison. The rest of the reagents were all of analytical grade.

Plant materials

Two packages of 10 pounds each of authentic dry leaves were obtained from Phoenicia
Specialty Foods (Houston, TX, United States). One sample was imported from Egypt and
the other was imported from Lebanon.

Sample preparation

Dry leaves were homogenized, grounded to fine powder and aliquots were extracted under
Argon in the dark using ultrasound assisted extraction using Qsonica Sonicators (Model
Q700, CT, USA) with a working frequency of 20 KHz and a maximum input power up to
700 W. 10 g of each sample and 30 mL of chloroform/methanol (2:1 v: v) were sonicated at
room temperature with amplitude mode at 50; power at 17 W; energy at 4308 J; process
time: 5 min and repeated 3 times for a total extraction time of 15 minutes. Extracts were
filtered, dried over anhydrous sodium sulfate. Solvent was removed by vacuum distillation
using rotary evaporator at a temperature below 40 °C, stored under argon at —80 °C until
further use.

Fatty acids methyl esters (FAMES) preparation

FAMES preparation was performed as we described before [12] using 10 mg of the neat
crude lipid extract which was added to 2 mL of 10% BF3 in methanol, mixed by vortex and
placed on the heating block at 75 °C for 1 h. After cooling down to room temperature, 1 mL
of saturated sodium chloride solution was added to stop the reaction and FAMES were
extracted in 2 mL of iso-octane, passed through anhydrous sodium sulfate and transferred to
GC auto-sampler vials.

GCQTOF analysis

Agilent 7200 accurate mass GCQTOF System was used for analyzing FAMES samples. GC
separation was done using a BPX90 SGE Analytical Science column 15 m x 0.25 mm x
0.25um column (SGE Analytical Science, Texas) run under average velocity of 63.9 cm/sec
with a hold up time of 1 min. Temperature programming started at 75°C held for 2 minutes
and heated up to 200 °C at a rate of 5 °C/min, held at 200°C for 3 min. Total run time was
30 minutes; Solvent delay 4 min; equilibration time 3 min. He collision gas 1.5 mL/min;
injected volume 1L ; split mode 10:1. Mass spectral acquisition were separately performed
in EI mode and Cl mode using methane as the reagent gas. The measurements and post-run
analyses were controlled by the software Mass Hunter Qualitative Analysis B.07 [13].
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GCQTOF MS-MS

MSMS experiments were conducted at 25 ev, run time 30 min; ion source: chemical
ionization; source gas temperature 300°C as we previously described [13]. He collision gas
1.5 mL/min; ms/ms mass range 50 m/z to 300 m/z; acquisition rate 5.0 spectrum/s;
acquisition time 500 ms/spectrum; 6610transients/ spectrum; auto recalibration reference
mass window, detection window 100 ppm; minimum height 1000 counts; polarity type:
positive.

Results and discussion

Crude lipids extracts were obtained from dry leaves using ultrasound assisted extraction as
shown in the experimental sections. Yield (w/w) was 4.8% and 4.5% for Egyptian and
Lebanon samples respectively.

Fatty acids composition

Fatty acid methyl esters obtained from dry leaves were analyzed using accurate mass
GCQTOF mass spectrometry. Relative percentage composition of fatty acids methyl esters
(FAMES) in each oil is shown in Table 1. FAMES were identified based on their retention
times and their accurate mass data. Their electron ionization fragmentation and mass
spectral data were also searched using WileylONIST mass spectral database. GCMS
analysis of the fatty acids methyl esters (FAMES) was achieved with base line resolution as
shown in Figure 1. Additionally, identification of w3-octadecatriene fatty acid methyl ester
(mw of 292.2380) was confirmed by ms-ms experiment. The results showed that dry leaves
are extremely rich in w-3 fatty acid with a relative concentration of 49.5% in the Egyptian
samples and 46.23 % in the Lebanon samples. The second most popular fatty acid was
palmitic acid (C16:0) with a relative percentage of about 23% in both Egyptian and
Lebanese samples. Stearic acid (C18:0) was less than 4% in all samples.

Accurate mass chemical ionization provided information about the intact molecular ion as
an (M+1)* ion as the base peak with much less fragmentations. Electron ionization provided
fragments that can be used to predict the structure but provide much less abundance of the
molecular ion. Conformation of the presence of w-3 fatty acids was carried out by
comparing retention time to authentic standards and by measuring accurate mass in Cl mode
in addition to examining fragmentation pattern in the EI mode as shown Figure 2.

Additionally, w-3 fatty acids can be differentiated from w-6 fatty acids by the higher
abundance of (M-CH3)+ corresponding to m/z of 261 and another ion at a m/z of 236
corresponding to the loss of C4Hg radical (CH3CH,CH=CHy>) for the w-3 C18:3 fatty acids.
The loss of a methyl radical to the ion at m/z of 261 is favorable for of w-3 due to formation
of an allylic carbocation, while in w-6 fatty acids will form a primary carbocation. Also the
loss of C4Hg radical cannot take place in w-3 fatty acids due to the absence of a double bond
at the of w-3 position. This was also confirmed both by comparing mass spectral
fragmentation for w-3 and w-6 fatty acids as shown in Figure 3 where w-6 did not show any
of the two ions. Further confirmation was carried out by the MSMS experiment where the
two fragments were detected in w-3 but not w-6.
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Polyunsaturated fatty acids are essential in the human diet since they cannot be synthesized
by the body [14]. The essential fatty acids are very important to human immune system, to
help regulate blood pressure. The w-3 and w-6 fatty acid are found in some food,; fish,
shellfish, flax seed, soya oil, canola oil, hemp oil, chia seed, pumpkin seed, sunflower seed,
cotton seed oil, leafy vegetables and walnuts [15,16]. This is the first report to unequivocally
detect w-3 fatty acid in Corchorus olitorius with a much higher concentration than any other
reported vegetable. A number of animal experiments, epidemiological investigations have
confirmed the essentiality of w-3 fatty acids for normal retina and brain development of the
premature infant, and for its hypotriglyceridemic, anti-inflammatory, and antithrombotic
properties [15,16]. Most of the studies have been carried out with fish oils (eicosapentaenoic
acid (EPA) and DHA). However, w-3 C18:3 (alpha- linolenic acid), found in green leafy
vegetables, flaxseed, rapeseed and walnuts, desaturates and elongates in the human body to
EPA and DHA and by itself may have beneficial effects in health and in the control of
chronic diseases [17].

Conclusion

Corchorus olitorius Linn a traditional vegetable in Egypt and throughout the Middle East
was found to be very rich in the essential fatty acid w-3 C18:3 with more than 40% of the
total fatty acids.

Acknowledgments

This publication was made possible in part by research infrastructure support from grant number 2G12MD007605
from NIMHD/NIH.

References

1. Bolus, L. Flora of Egypt. Vol. 5. Cairo, Egypt: Al Hadara Publishing; 2002. p. 296-299.

2. Ali H, Houghton PJ, Soumyanath A. a-Amylase inhibitory activity of some Malaysian plants used
to treat diabetes; with particular reference to Phyllanthus amarus. J Ethnopharmacol. 2006;
107:449-455. [PubMed: 16678367]

3. Bennett J, Brown CM. Use of herbal remedies by patients in a health maintenance organization. J
Am Pharm Assoc. 2000; 40:353-358.

4. Dirks NL, Huth B, Yates CR, Meibohm B. Pharmacokinetics of immunosuppressants: a perspective
on ethnic differences. Int J Clin Pharmacol Ther. 2004; 42:701-718. [PubMed: 15624287]

5. Foster BC, Vandenhoek S, Hana J, Krantis A, Akhtar MH. In vitro inhibition of human cytochrome
P450-mediated metabolism of marker substrates by natural products. Phytomedicine. 2003; 10:334—
342. [PubMed: 12809364]

6. De Lorgeril M, Salen P. Modified Cretan Mediterranean diet in the prevention of coronary heart
disease and cancer; Mediterranean Diets. World Rev Nutr Diet, Basel, Karger. 2000:1-23.

7. Chopra, RN.; Nayar, SL.; Chopra, IC. Glossary of Indian Medicinal Plants. New Delhi: CSIR; 1956.

8. Abu-Hadid AF, EI-Shinawy MZ, El-Beltagy AS, Gaafer SA, Medany M. Studies on the production
of off-season Jew’s mallow (molokhia) in Egypt. Egyptian Journal of Horticulture. 1994; 21:187—
193.

9. Kagawa Y, Nishizawa M, Suzuki M, Miyatake T, Hamamoto T, et al. Determination of Some Fatty
Acids in Local Plant Seeds. Chiang Mai Journal of Science. 2007; 34:249-252.

10. Berry, GS.; Gaupaul, HS. Biology of Ourselves. Wiley Canada: Study of Human Biology; 1982.

11. Simopoulos AP, Sidossis LS. What is so special about the traditional diet of Greece. The scientific

evidence, World Rev Nutr Diet, Basel, Karger. 2000:24-42.

Pharm Anal Acta. Author manuscript; available in PMC 2016 October 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mahmoud et al.

12.

13.

14.

15.

16.

17.

Page 5

Abou Elfotoh MA, Shams KA, Anthony KP, Shahat AA, Ibrahim MT, et al. Lipophilic
Constituents of Rumex vesicarius L. and Rumex dentatus L. Antioxidants. 2013; 2:167-180.
[PubMed: 26784344]

Nguyen T, Aparicio M, Saleh MA. Accurate Mass GC/LC-Quadrupole Time of Flight Mass
Spectrometry Analysis of Fatty Acids and Triacylglycerols of Spicy Fruits from the Apiaceae
Family. Molecules. 2015; 20:21421-21432. [PubMed: 26633337]

De Geus HJ, Aidos I, De Boer J, Luter JB, Brinkman UA. Characterization of fatty acids in
biological oil samples using comprehensive multidimensional gas chromatography. J Chromatogr.
2001; 910:95-103.

Simopoulos AP. Omega-3 fatty acids in health and disease and in growth and development. Am J
Clin Nutr. 1991; 54:438-463. [PubMed: 1908631]

Siriamornpun D, Li L, Yang W, Suttajit M. Thai jute seed oil: a potential polyunsaturated fatty acid
source. J Sci Technol. 2006; 28:11-15.

Galli C, Simopoulos AP, Tremoli E. Fatty Acids and Lipids: Biological Aspects. World Rev Nutr
Diet. 1994; 76:1-152.

Pharm Anal Acta. Author manuscript; available in PMC 2016 October 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Mahmoud et al.

x10 2
105

095
0.9
085
0.8
0.7s
0.7
0.65
0.6
oss
05
045
0.4
0.35
0.3
025
0.2
005
0.1
005

TIC of GCQTOF analysis of fatty acids methyl esters of Corchorus olitorius. Peaks that are

not highlighted are nonfatty acids and are mostly hydrocarbons, fatty alcohols and

terpenoides.

Pharm Anal Acta. Author manuscript; available in PMC 2016 October 06.

Page 6
®-3 C18:3
12.34
C16:0
5.88
-6 C18:2
10.86
Il-ig-gi’ls:l
C14:0 C16:1  CI8:0 _ €22:0
3.65 T-4 97 942 C20:0 18.97
) 631 6.69 13.93
N L i | b
2 - : 2 L ®  colfes (%) vh AcquisBn Tima [Phin) iz 19 A2 " 19
Figure 1.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Mahmoud et al.

x10%
3

28
28
24
22

1.5
18
14
12

0%
08
o4
0z

- AT3AIND

~ 163, 1464

1571004

=

1 b1l y t A
g i ) [ i
il Al ikl sl L&

x10%

28
28
24
22

=
+

18
18
14

g |
? 08

08
i e 04
Ll i 02

ols

1901417
2361753
- 261.2193

~163.0570
173.0088

ik

10442

. ,
'inl‘l‘n.nll. ‘3

Page 7

22478

160 170 180 180 ZVI‘) wmm)m 270 280 T

Figure 2.
Mass spectra of w-3 C18:3 fatty acid, El left and Cl right.
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Figure 3.

Mass spectra of w-3 C18:3 (left) and w-6 C18:3 (right) fatty acids.
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FAMES composition of Corchorus olitorius

Table 1

Retention | Identified Egyptian Samples | Lebanese Samples

Time compounds

(min) Fatty acids methyl
esters

3.55 Tetradecanoic acid 1.37+£0.01 1.19+0.01
(C14:0)

5.88 Hexadecanoic acid 23.36 £ 0.60 23.08 £1.48
(C16:0)

6.31 7-Z-Hexadecenoic acid | 0.53 +0.15 0.50 +0.02
(C16:1)

6.69 Palmitoleic acid 1.36 £ 0.01 1.79 +£0.02
(C16:1) 9-2

9.42 Stearic acid C18:0 2.68 £ 0.00 3.10 £ 0.04

9.84 11-Z-Octadecenoic 3.12 +0.06 4.29+0.08
acid C18:1

10.86 9,12-7Z- 15.18 + 0.55 17.94+1.75
Octadecadienoic acid
-6 C18:2

12.34 9,12,15-(2,2,2)- 49.50 + 2.53 46.23£0.84
Octadecatrienoic acid
®-3 C18:3

13.93 Eicosanoic acid C20:0 0.54 +0.00 0.66 + 0.01

18.97 Docosanoic acid C22:0 | 1.44+£0.01 1.21+0.01
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