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Abstract
Over 80% of the world’s population depends on herbal products for their primary healthcare
requirements. The therapeutic potentials of many of these herbal products have been documented,
however, more studies are needed to properly screen, identify and possibly characterize their various
active ingredients. The present study attempts a comparative gas chromatography and mass spectrometry
(GC-MS) determination of the bioactive constituents of the methanolic extracts of Curcuma longa
rhizomes and Spondias mombin leaves. Results obtained indicated that although the extracts of both
plants possess similar bioactive compounds: aromatic turmerone (ar-turmerone); turmerone and; cur lone
the most abundant compounds were found to be aromatic turmerone for Curcuma longa and
pentadecanoic acid for Spondias mombin. The possible biological effects of the identified compounds in
both extracts are highlighted. Our findings provide rationale for the anecdotal use of both plants for
treatment of similar medical conditions in our environment.
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Introduction
Over 80% of the world’s population depends on herbal products for their primary healthcare
requirements [1]. Consequently, several studies have explored the therapeutic potentials of most
of these herbal products; however, more studies are needed to properly screen, identify and
possibly characterize their active ingredients. It is also imperative to determine their modes of
action, potential toxicity and possible interactions with orthodox medications [1-5]. Further, is
the challenge of over dependence on ethobotanical products by many populations without
scientific proof of beneficial claims by many trade-medical practitioners [1]. The proof of
quality, effectiveness and safety of these products are frequently not considered before
commercialization; thus overlooking the importance of safety of these herbal products [6]. As a
panacea, the World Health Organization had stressed the need for in depth scientific research
into herbal products [2]. In our environment, Curcuma longa (C. longa) and Spondias mombin
(S. mombin) are typically known and used respectively as spice and herb [7, 8]. C. longa is a
shrub that belongs to the ginger family Zingiberaceae. It grows to approximately a length of 1
meter with short stems and is mainly cultivated in Asian countries, principally India and
Chinub-tropics [8]. It also serves as a food colouring agent much like curry (Murraya koenigii).
S. mombin, also called hog plum, is of the family, Anacardiaceous; is widely cultivated in the
tropical rain forest [7]. The plant has been reported to have a varied local application and
potentially untapped values. The leaves, fruits and bark of S. mombin are said to be rich in
antioxidants and other useful phytochemicals [9-11]. Gas chromatography (GC) is a reliable
separation technique suitable for identification of small, gaseous or volatile molecules like
alcohols, benzenes, aromatics, fatty acids, steroids and hormones [12]. GC is widely used for
chemical analysis, drug screening and assessment resulting from environmental contamination.
Mass spectrometry (MS) quantifies the mass-to-charge ratio of ions of analysts and is a plot of
intensity as a function of mass-to-charge ratio [13, 14]. When combined Gas chromatographyMass spectrometry (GC-MS) can separate complex mixtures, quantify analysts and determine
trace levels of organic substances [15, 16]. Relying on the database of National Institute of
Standards and Technology Chemistry Web Book [17] for different compounds, researchers can
thus identify and quantify these potential compounds and constituents.
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Considering several anecdotal reports of the potential
beneficial effects of C. longa rhizomes and S. mombin leaves,
this study attempts to determine the active ingredients in their
methanolic extracts and possibly compare these outcomes
using GC-MS technique. This we hope would attempt a
phytochemical characterization of the methanolic extracts of
both plants and a basis for their anecdotal use by traditional
medicinal practitioners in our environment.

Results and Discussion
At least nine compounds were identified in the methanolic
extract of the rhizomes of C. longa following GC-MS
analysis: The names of compounds, retention times (RT),
peak areas (in percentage), molecular formula and molecular
weights of identified components are presented in Table 1.
The predominant compounds, amongst others, in C. longa
include aromatic turmerone (ar-turmerone) (25.07%),
turmerone (21.20%) and curlone (16.81%). The GC-MS
analysis of the methanolic extract of S. mombin leaves
identified at least eight compounds. The names of compound,
retention time (RT), peak area (in percentage), molecular
formula and molecular weight of identified components in S.
mombin extract are similarly presented in Table 2: The
predominant
components
amongst
others
include
pentadecanoic acid (14.75%), aromatic turmerone (arturmerone) (11.19%), turmerone (8.85%), n-hexadecanoic
acid (8.33%), and curlone (7.56%). Figures 1 and 2 shows the
GC-MS chromatographic representations of the components
of the methanolic extracts of C. longa rhizomes and S.
mombin leaves respectively. Interestingly, both plants extracts
evaluated had three components in common. These are
aromatic turmerone (ar-turmerone); turmerone and curlone. A
number of the GC-MS peaks obtained were unidentifiable on
account of lack of authentic samples and library of data of
corresponding compounds. Nevertheless, this does not detract
from the significance of the presented report. The possible
biological effects of the identified constituents for both
extracts are as indicated in Table 3.
Phytochemicals are described as a group of plant-based
compounds and reports suggest that they may account for
many of the beneficial effects attributed to fruits, vegetables
and numerous plant-based products and diets such as tea,
wine etc. [23, 24]. The determination of phytochemicals in
beneficial and frequently consumed plant products is
important [25]. Therefore, using gas chromatography and mass
spectrometry (GC -MS) technique, the present study has
attempted to identify and quantify compounds present in the
methanolic extracts of C. longa rhizomes and S. mombin
leaves.
The result presented in Tables 1 and 2 indicate that although,
each plant extract possesses characteristic bioactive
constituents; apparently, they both have three constituents’ in
common namely aromatic turmerone (ar-turmerone),
turmerone and curlone. For instance, aromatic turmerone (arturmerone) 25.07% was found most abundant for C. longa;
while pentadecanoic acid (14.75%) was found most abundant
for S. mombin respectively. while the second and third most
abundant compounds for C. longa were turmerone (21.20%)
and curlone (16.81%); and for S. mombin, it was found to be
aromatic turmerone (ar-turmerone) (11.19%) and turmerone
(8.85%) respectively. However, curlone (7.56%) was found to
be the fifth most abundant constituent for S. mombin extract.
These findings suggest that the extracts of both plants would
to a large extent possess similar biological effects as
essentially outlined in Table 3. Thus, explaining the rationale
for the anecdotal uses of the two plants for similar medical
conditions: diabetes [26-28], hypertension [29, 30], lipid
abnormalities [31, 32], antimicrobial [33], antioxidant [34],
amongst others [35, 36]. Other compounds present are as
indicated in Tables 1 and 2 for C. longa and S. mombin
respectively. A comparison of the possible biological effects
of the methanolic extracts of C. longa rhizomes and S.
mombin leaves is as shown in Table 3.

Material and Methods
Plant materials
Fresh rhizomes of C. longa were obtained from a Fruit and
Garden Market in Port Harcourt Metropolis, Rivers State,
Nigeria. Fresh leaves of S. mombin were also obtained from a
private garden at University of Port Harcourt, Port Harcourt,
Nigeria. Both plants were identified and authenticated by a
plant taxonomist Dr. Ekeke, Chemezie of the Department of
Plant Science and Biotechnology, University of Port
Harcourt, Nigeria. Voucher samples were deposited in the
herbarium and voucher numbers: UPH/P/165 for C. longa
rhizome and UPH/P/166 for S. mombin leaves obtained.
Extraction of Plant Samples
The rhizomes of C. longa and leaves of S. mombin were
separately washed, air-dried and then ground to fine powder
using a motorized electric grinder. About 1.4 kg and 0.1kg of
the powdered forms of C. longa rhizome and S. mombin
leaves respectively were separately soaked in 3.5 L and 0.5L
respectively of methanol in covered jars. The content of the
jars were macerated intermittently for proper mixing and each
left to stand for about 72 hours. Each sample was then filtered
and concentrated using a rotary evaporator at 45oC. Separate
semi-liquid extracts of the two plants were thus obtained,
labeled and stored at a temperature below 4°C until ready for
analysis. Analysis was done within 72 hours of extraction.
Acute toxicity (LD50) study
The acute toxicity of the methanolic extracts of C. longa
rhizomes and S. mombin leaves were separately determined
using the Lorke Method [18]. Consistent with previous reports,
the LD50 of each extract was found to be >2000mg/kg bw
respectively [19, 20]. Ethical approval was obtained from our
Institutional Ethical Committee and all experiments were
conducted in accordance with guidelines for the care and use
of laboratory animals [21]
Method of GC-MS Analysis
GC-MS technique was used for the analyses of the plants
extracts for the present study. The gas chromatography (GC)
portion (Agilent technologies, United States of America,
Model number 7890(B) was coupled to a mass spectrometer
(MS) (Agilent technologies, United States of America, Model
number 5975(B). The procedure adopted for the GC-MS
analysis of both plants extracts for this study is as previously
described [12, 22].
The analysis of result of GC-MS was done using the database
of National Institute. Standard and Technology which
comprise over 60,000 patterns [17]. The spectrum of the
unknown constituent obtained was compared with the
spectrum of the known components found in the NIST library.
Attempt was made to establish names of compounds,
molecular formula and molecular weights of each of the
components identified in each extract evaluated.
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Table 1: Chemical compounds identified in the methanolic extract of C. longa rhizomes.
Name of compound
Retention time (RT) (Minutes) Molecular formula Molecular weight (g/mol) Peak Area (%)
Aromatic turmerone (Ar-turmerone)
16.986
C15H20O
216
25.07
Turmerone
17.094
C15H22O
218
21.20
Curlone
17.701
C15H22O
218
16.81
Benzenamine (aniline)
16.471
C6H7N
93
2.23
11-Octadecenoic acid (vaccenic acid)
25.654
C18H34O2
282
2.22
1,3-Cyclohexadiene
14.062
C6H8
204
0.99
2-Butenoic acid
19.818
C4H6O2
86
0.98
2-Methoxy-4-vinylphenol
10.835
C9H10O2
150
0.94
Methyl stearate
26.221
C19H38O2
298
0.93
Table 2: Chemical compounds identified in the methanolic extract of S. mombin leaves.
Name of compound
Retention time (RT) (Minutes) Molecular formula Molecular weight (g/mol) Peak Area (%)
Pentadecanoic acid
21.952
C15H30O2
243
14.75
Aromatic turmerone (Ar- turmerone)
16.957
C15H20O
216
11.19
Turmerone
17.054
C15H22O
218
8.85
n-Hexadecanoic acid
22.776
C16H32O2
257
8.33
Curlone
17.672
C15H22O
218
7.56
Oleic Acid
26.501
C18H34O2
280
5.42
Phytol
25.900
C20H40O
296
3.14
1-Eicosanol
21.838
C20H42O
299
0.61
Table 3: Possible biologic effects of identified compounds in the methanolic extracts of C. longa rhizomes and S. mombin leaves.
Name of Compound
2-Methoxy-4vinylphenol

Extracts

1,3-Cyclohexadiene

C. longa

Benzenamine (aniline)

C. longa

11-Octadecenoic acid
(Vaccenic Acid)

C. longa

2-Butenoic acid
(Crotonic acid)
Methyl stearate

C. longa

C. longa

Potential Biological Effects
Naturally occurring phenolic compound used as a flavoring agent; possesses some anticancer and antiinflammatory potentials [37, 38].
Naturally occurring derivative of 1,3-cyclohexadiene is terpinene [39]. It has perfume and flavoring
properties used mainly used to confer a pleasant odour to industrial fluids [40].
Predominantly used as a chemical intermediate for the dye, agricultural, polymer, and rubber
industries; beyond trace level possess toxic effects on humans [41].
Naturally occurring trans-fatty acid found in the fat of ruminants and in dairy products such as milk,
butter, and yogurt [42].
Predominant fatty acid comprising trans-fat in human milk [43].
Able to lower total cholesterol, LDL cholesterol and triglyceride levels in rats [43.
Beyond trace level possess toxic effects on humans [44].

Possess antibacterial property [45, 46].
It is known to possess as antioxidant, anti-inflammatory, and anti-nociceptive potentials; and
stimulates the proliferation of peripheral-blood-mononuclear cells and elevates the synthesis of TNFα, IL-2, and IFN-γ [47].
Promotes the maturation of dendritic cells and induces neural stem cell proliferation in vitro and in
Aromatic turmerone (Ar- C. longa & S.
vivo [48, 49].
turmerone)
mombin
Both in vitro (in human endothelial cells) and in vivo (in Zebrafish embryos and matrigel plug mouse
model) studies reveal anti-angiogenic activities of aromatic-turmerone [48].
Promotes neural stem cell proliferation and differentiation in the brain [49].
Turmerone
Curlone

C. longa

C. longa & S.
mombin
C. longa & S.
mombin

1-Eicosanol (Arachidyl
alcohol)

S. mombin

Pentadecanoic acid

S. mombin

n-Hexadecanoic acid
(Palmitic acid)
Phytol
Oleic Acid

S. mombin
S. mombin
S. mombin

Possesses toxic effects on mosquito larva [50]; immunostimulating properties [48].
Natural anti-oxidant [51].
Anticancer (against the breast cancer line MCF-7) and antimicrobial activities (Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus, etc.) [52, 53]
Found at the level of 1.2% in the milk fat from cows and reported to possess ability to regulate
hormones, improve the immune system, boost metabolism [54-56].
Anti-inflammatory properties; [57] Raised levels may increase the risk of developing cardiovascular
disease [58].
Anticancer, Antinociceptive and Antioxidant Activities [12].
It possesses beneficial effects on cancer, autoimmune and inflammatory diseases, besides its ability to
facilitate wound healing [59].
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Fig 1: Chromatogram obtained from GC-MS screening of the methanolic extract of C. longa rhizomes.

Fig 2: Chromatogram obtained from GC-MS screening of the methanolic extract of S. mombin leaves.

Conclusion
In conclusion, the present study has been able to determine
the possible chemical constituents of the methanolic extracts
of C. longa rhizomes and S. mombin leaves using the GC-MS
technique. A number of chemicals compounds identified were
found in abundance in the extracts of both plants examined.
However, the percentage proportion of these constituents
differs in each extract. The possible biological effects of these
identified chemicals were explored.

4.

5.

6.
References
1. Ekor M. The growing use of herbal medicines: issues
relating to adverse reactions and challenges in monitoring
safety. Frontiers in Pharmacology. 2014; 4(177):1-10.
2. WHO [World Health Organization]. The Promotion and
Development of Traditional Medicine. Technical Report
Geneva. 1978; 622:22.
http://apps.who.int/medicinedocs/en/m/abstract/Js7147e/.
3. Rout SP, Choudary KA, Kar DM, Das I, Jain A. Plants in
Traditional Medicinal System-Future Source of New

7.

8.

~4~

Drugs. International Journal of Pharmacy and
Pharmaceutical Sciences. 2009; 1(1):1-23.
Falodun A. Herbal Medicine in Africa-Distribution,
Standardization and Prospects. Research Journal of
Phytochemistry. 2010; 4(3):154-161.
Pelkonen O, Xu Q, Fan, T. Why is Research on Herbal
Medicinal Products Important and How Can We Improve
Its Quality? Journal of Traditional and Complementary
Medicine. 2014; 4(1):1-7.
Kasilo O, Trapsida J. Decade of African traditional
medicine, 2001–2010. The African Health Monitor.
2011; 14:25-31.
Ayoka AO, Akomolafe RO, Akinsomisoye OS,
Ukponmwan OE. Medicinal and economic value of
Spondias mombin. African Journal of Biomedical
Research. 2008; 11(2):129-136.
Labban L. Medicinal and Pharmacological Properties of
Turmeric (Curcuma longa): A Review. International
Journal of Pharmacy and Biomedical Sciences. 2014;
5(1):17-23.

Journal of Medicinal Plants Studies

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.
23.

24.

http://www.plantsjournal.com

Igwe CU, Onwuliri VA, Osuagwu CG, Onyeze GO,
Ojiako OA. Biochemical and haematological studies on
the ethanol leaf extract of Spondias mombin Linn.
Biochemistry and Analytical. Biochemistry. 2011; 1(1):15.
Asuquo OR, Oko O, Brownson ES, Umoetuk GB, Utin
IS. Effects of ethanolic leaf extract of Spondias mombin
on the pituitary–gonadal axis of female Wistar rats. Asian
Pacific Journal of Reproduction. 2013; 2(3):169-173.
Omoregie ES, Oikeh EI. Comparative studies on the
phytochemical composition, phenolic content and
antioxidant activities of methanol leaf extracts of
Spondias mombin and Polyathia longifolia. Jordan
Journal of Biological Sciences. 2015; 147(3427):1-5.
Ammal RM, Bai GV. GC-MS Determination of bioactive
constituents of Heliotropium indicum leaf. Journal of
Medicinal Plants. 2013; 1(6):30-33.
Kim JY, Suh S, In MK, Paeng KJ, Chung BC.
Simultaneous determination of cannabidiol, cannabinol,
and gD 9-tetrahydrocannabinol in human hair by gas
chromatography-mass spectrometry in human hair by gas
chromatography-mass spectrometry. Archives of
Pharmacol Research. 2005; 28(9):1086-1091.
Shah I, Al-Dabbagh B, Salem AE, Hamid SA,
Muhammad N, Naught on DP. A review of bio analytical
techniques for evaluation of cannabis (Marijuana, weed,
Hashish) in human hair. BMC Chemistry. 2019;
13(1):106-126.
Syed SU, Maher S, Taylor S. Quadrupole mass filter
operation under the influence of magnetic field. Journal
of Mass Spectrometry. 2013; 48(12):1325-1339.
Thermo-Fisher [Thermo Fisher Scientific Website]. Gas
Chromatography
Mass
Spectrometry
(GC/MS)
Information:
https://www.thermofisher.com/ng/en/home/industrial/ma
ss-spectrometry/mass-spectrometry-learning-center/gaschromatography-mass-spectrometry-gc-msinformation.html, 2019, 5.
NIST [National Institute of Standards and Technology]
Chemistry Web Book, SRD 69. Search for species data
by chemical name:
https://webbook.nist.gov/chemistry/name-ser/, 2019, 22.
Lorke D. A new approach to practical acute toxicity
testing. Archives of Toxicology. 1983; 54(4):275-287.
Govind P. Active principles and median lethal dose of
Curcuma longa Linn. International Research Journal of
Pharmacy. 2011; 2(5):239-241.
Uchendu CN, Isek T. Antifertility activity of aqueous
ethanolic
leaf
extract
of
Spondias
mombin
(Anacardiaceae) in rats. African Health Sciences. 2008;
8(3):163-167.
National Research Council (US) Committee for the
Update of the Guide for the Care and Use of Laboratory
Animals:
https://www.ncbi.nlm.nih.gov/books/NBK54050/.
23 December, 2019.
Hübschmann H. Handbook of GC-MS: fundamentals and
applications. John Wiley & Sons, 2015, 1530-1536.
Arts IC, Hollman PC. Polyphenols and disease risk in
epidemiologic studies. The American Journal of Clinical
Nutrition. 2005; 81(1):317S-325S.
Heneman K, Zidenberg-Cherr S. Some facts about
phytochemicals. UC Cooperative Extension Center for
Health and Nutrition Research Nutrition and Health Info
Sheet. https://nutrition.ucdavis.edu/outreach/nutr-health-

info-sheets/pro-phytochemical.\, 2019, 22.
25. Altemimi A, Lakhssassi N, Baharlouei A, Watson DG,
Lightfoot DA. Phytochemicals: Extraction, isolation, and
identification of bioactive compounds from plant
extracts. Plants. 2017; 6(4):42-64.
26. Kuroda M, Mimaki Y, Nishiyama T, Mae T, Kishida H,
Tsukagawa M, et al. Hypoglycemic effects of turmeric
(Curcuma longa L. rhizomes) on genetically diabetic
KK-Ay mice. Biological and Pharmaceutical Bulletin.
2005; 28(5):937-939.
27. Olatunde A, Joel EB, Tijjani H, Obidola SM, Luka CD.
Anti-diabetic Activity of Aqueous Extract of Curcuma
longa (Linn) Rhizome in Normal and Alloxan-Induced
Diabetic Rats. Researcher. 2014; 6(7):58-65.
28. Adediwura FJ, Kio A. Antidiabetic Activity of Spondias
mombin extract in non-insulin-dependent diabetes
mellitus (NIDDM) rats. Pharmaceutical Biology. 2009;
47(3):215-218.
29. Yao Y, Wang W, Li M, Ren H, Chen C, Wang J et al.
Curcumin exerts its anti-hypertensive effect by downregulating the AT 1 receptor in vascular smooth muscle
cells. Scientific Reports. 2016; 6(25579):1-8.
30. Amaechina FC, Omogbai EK, Nworgu ZA, Uchendu M,
Erhunwunsee ET, Henry-Ojo F. Some central nervous
system and blood pressure lowering effects of methanol
extract of the leaves of Spondias mombin
(Anarcadiaceae) in wistar rats and mice. West African
Journal of Pharmacology and Drug Research. 2015;
30(1):40-45.
31. Lee HY, Kim SW, Lee GH, Choi MK, Chung HW, Lee
YC et al,. Curcumin and Curcuma longa L. extract
ameliorate lipid accumulation through the regulation of
the endoplasmic reticulum redox and ER stress. Scientific
Reports. 2017; 7(1):1-14.
32. Igwe CU, Ojiako AO, Nwaogu LA, Onyeze GO. Lipid
lowering effect of aqueous leaf extract of Spondias
mombin Linn. Internet Journal of Pharmacology. 2008;
6(1):1-9.
33. Rodrigues KF, Hesse M, Werner C. Antimicrobial
activities of secondary metabolites produced by
endophytic fungi from Spondias mombin. Journal of
Basic Microbiology. 2000; 40(4):261-267.
34. Igwe CU, Ojiako OA, Nwaogu LA, Iwueke AV.
Evaluation of the antioxidant activity of African plants:
Activity of the aqueous leaf extract of Spondias mombin
linn. Journal of Research Pharmacology. 2012; 1(2):1-9.
35. Krishnaswamy K. Traditional Indian spices and their
health significance. Asia Pacific Journal of Clinical
Nutrition. 2008; 17(1):265-268.
36. Abbasi K, Shah AA. Biological evaluation of Turmeric
(Curcuma longa). International Journal of Current
Microbiology and Applied Science. 2015; 4(11):236-249.
37. Janeš D, Kantar D, Kreft S, Prosen H. Identification of
buckwheat (Fagopyrum esculentum Moench) aroma
compounds with GC–MS. Food chemistry. 2009;
112(1):120-4.
38. Jeong JB, Hong SC, Jeong HJ, Koo JS. Antiinflammatory effect of 2-methoxy-4-vinylphenol via the
suppression of NF-κB and MAPK activation, and
acetylation of histone H3. Archives of Pharmacal
Research. 2011; 34(12):2109-2116.
39. Schaefer JP and Endres L. "1, 3-Cyclohexadiene".
Organic Syntheses, 1967; 31(5):285-288.
40. Eggersdorfer M. In Ullmann’s Encyclopedia of Industrial
Chemistry. Wiley-VCH; Weinheim. 2003; 6(35):653~5~

Journal of Medicinal Plants Studies

http://www.plantsjournal.com

654.
41. Amoore JE, Hautala E. Odor as an ald to chemical safety:
odor thresholds compared with threshold limit values and
volatilities for 214 industrial chemicals in air and water
dilution. Journal of Applied Toxicology. 1983; 3(6):272290.
42. Bowerman S. Now there are good trans fats?. Los
Angeles Times. Los Angeles, 2008.
https://www.latimes.com/archives/la-xpm-2008-may-19he-eat19-story.html. 6 November, 2019.
43. Friesen R, Innis SM. Trans fatty acids in human milk in
Canada declined with the introduction of trans fat food
labeling. The Journal of Nutrition. 2006; 136(10):25582561.
44. Schulz RP, Blumenstein J, Kohlpaintner C.
Crotonaldehyde
and
crotonic
acid.
Ullmann's
Encyclopedia
of
Industrial
Chemistry,
2002.
http://onlinelibrary.wiley.com/doi/10.1002/14356007.a08
_083.pub2/summary. 25 October, 2019
45. Pinto EA, Sthéfane G, Araújo MI, Morais NS, Caroline
MA, Rosa CA et al., Antifungal and antioxidant activity
of fatty acid methyl esters from vegetable oils MARIA.
Annals of the Brazilian Academy of Sciences. 2017;
89(3):1671-1681.
46. Adnan Md. Nazism Uddin Chy ATM, Mustafa Kamal
Md, Obyedul Kalam Azad, Arkajyoti Paul, Shaikh
Bokhtear Uddin et al. Investigation of the Biological
Activities and Characterization of Bioactive Constituents
of Ophiorrhiza rugosa var. prostrata (D. Don) & Mondal
Leaves through In Vivo, In Vitro, and In Silicon
Approaches. Molecules. 2019; 24(7):1367-1390.
47. Liju VB, Jeena K, Kuttan R. An evaluation of
antioxidant, anti-inflammatory, and antinociceptive
activities of essential oil from Curcuma longa. L. Indian
Journal of Pharmacology. 2011; 43(5):526-531.
48. Yue GG, Chan BC, Hon PM, Lee MY, Fung KP, Leung
PC et al Evaluation of in vitro anti-proliferative and
immunomodulatory activities of compounds isolated
from Curcuma longa. Food and Chemical Toxicology.
2010; 48(8-9):2011-2020.
49. Turmeric compound boosts regeneration of brain stem
cells. Science Daily, 2019, 15.
www.sciencedaily.com/releases/2014/09/140925205819.
htm.
50. Ajaiyeoba EO, Sama W, Essien EE, Olayemi JO,
Ekundayo O, Walker TM et al. Larvicidal Activity of
Turmerone-Rich Essential Oils of Curcuma longa. Leaf
and Rhizome from Nigeria on Anopheles gambiae.
Pharmaceutical Biology. 2008; 46(4):279-282.
51. Brewer MS. Natural antioxidants: sources, compounds,
mechanisms of action, and potential applications.
Comprehensive Reviews in Food Science and Food
Safety. 2011; 10(4):221-247.
52. Thangaraju N, Venkatalakshmi RP, Chinnasamy A,
Kannaiyan P. Synthesis of silver nanoparticles and the
antibacterial and anticancer activities of the crude extract
of Sargassum polycystum C. Agardh. Nano Biomedicine
and Engineering. 2012; 4(2):89-94.
53. The Pub Chem Project USA: "1-Eicosanol". National
Center
for
Biotechnology
Information:
https://pubchem.ncbi.nlm.nih.gov/compound/12404. 16
July, 2019.
54. Hansen RP, Shorland FB, Cooke NJ. The occurrence of
n-pentadecanoic acid in hydrogenated mutton fat.
Biochemical Journal. 1954; 58(4):516-517.

55. Smedman AE, Gustafsson IB, Berglund LG, Vessby BO.
Pentadecanoic acid in serum as a marker for intake of
milk fat: relations between intake of milk fat and
metabolic risk factors. The American Journal of Clinical
Nutrition. 1999; 69(1):22-29.
56. Jost R. Milk and dairy products. Ullmann's Encyclopedia
of Industrial Chemistry:
https://onlinelibrary.wiley.com/doi/abs/10.1002/1435600
7.a16_589.pub3. October 20, 2019.
57. Aparna V, Dileep KV, Mandal PK, Karthe P, Sadasivan
C, Haridas M. Anti‐inflammatory property of
n‐hexadecanoic acid: structural evidence and kinetic
assessment. Chemical Biology & Drug Design. 2012;
80(3):434-439.
58. Nishida C, Uauy R, Kumanyika S, Shetty P. The joint
WHO/FAO expert consultation on diet, nutrition and the
prevention of chronic diseases: process, product and
policy implications. Public Health Nutrition. 2004;
7(1a):245-250.
59. Sales-Campos H, Reis de Souza P, Crema Peghini B,
Santana da Silva J, Ribeiro Cardoso C. An overview of
the modulatory effects of oleic acid in health and disease.
Mini Reviews in Medicinal Chemistry. 2013; 13(2):201210.

~6~

