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ABSTRACT 

As part of research on plants of interest for the floristic biodiversity of Côte d'Ivoire, a 

phytochemical investigation of the stems of Cissus aralioides, a species with medicinal properties 

of the botanical family Vitaceae, was produced. The mineral and organic compositions of said 

extract were determined, respectively by X-ray fluorescence spectrometry and by GC-MS. 

Elemental chemical analysis revealed considerable levels of trace elements (Fe, Mn, Zn), macro 

elements (Ca, Mg, P, K), and the presence of other elements (Ba, Ti, La, Cs, Rb, Ta, Cd). Analysis 

by GC-MS shows the existence of several active ingredients such as phenol acids, flavonoids, 

stilbenes and phytosterols. A major phytosterol (E-resveratrol) has been isolated from C. aralioides 

growing in Ivory Coast. 

Keywords: Cissus aralioides, extract, stem, phytochemical investigation. 
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INTRODUCTION  

Plants are an excellent reservoir of molecules of interest, which find use in various fields 

(phytomedicine, plant protection, nutrition, etc.). The use of plants in traditional medicinal 

practices is known. Cissus aralioides (Baker) Planch. is a plant belonging to the botanical family 

Vitaceae. It is a woody climbing plant with large succulent stems, in the shape of cones tightened 

at the nodes. The leaves are sometimes sub-succulent. The greenish flowers are sometimes whitish, 

relatively large, and the reddish fruits turning blue-purple1. This plant is known by various local 

names: Ewo Toma (in Agni - Ivory Coast)2 ; Kindamina (common name - Cameroon) and Eriri 

agwo (in Igbo - Nigeria)3. It is widespread in the forests of tropical Africa4. In African traditional 

medicine, the preparations made from its leaves and roots are used as febrifuge, analgesic, 

antimicrobial, anti-inflammatory, anti arthritic, anti rheumatic, antimalarial. On the other hand, 

organs are used against dropsy, gout, gonorrhea, edema, pulmonary disorders. The sap treats eye 

disorders and venereal diseases5-7. In Congo-Brazzaville, stems are used as analgesic, antiseptic, 

cough suppressant; and to relieve body pain8. In Côte d'Ivoire, C. aralioides stems are used in 

prenatal care to facilitate delivery2. Phytochemical screening of C. aralioides leaves showed the 

presence of alkaloids, flavonoids, proteins, saponins, terpenoids, coumarins, reducing sugars and 

cardiac glycosides4, 8-9. Scientific studies have shown that the leaves exhibit analgesic, 

antibacterial, anti-inflammatory and antioxidant properties; which validates their use in traditional 

medicine in the treatment of many diseases6, 10-12. Although C. aralioides is widely used in the 

African pharmacopoeia, few studies have been carried out on the chemical composition of the 

stems. The objective of the present study is to determine the elemental and organic chemical 

compositions of C. aralioides stems growing in Côte d'Ivoire. 

MATERIALS AND METHOD 

After authentication of the plant by Dr. Malan Djah François, systematic botanist from Nangui 

Abrogoua University (Abidjan, Ivory Coast), a sample was deposited in our laboratory. C. 

aralioides stems were collected on June 16, 2018 in the Kokumbo forests, a central locality of 

Côte d'Ivoire (Toumodi department in the lakes region (6° 33′N, 5° 15′W). The stems were cleaned 

and dried under air conditioning during 30 days. Stems were pulverized by using an electric mixer 

(RETSCH, type SM 100). The powders obtained were used for the preparation of the organic 

extracts. 

Determination of elemental chemical composition 

X-ray fluorescence spectrometry on a spectrometer (AMETEK spectro Xepos ED 2000) coupled 

to a computer was performed from elemental chemical analysis. 4g of vegetable powder obtained 
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by grinding the dried stems using a vibro-mill (RETSCHMM 400) was used for making pellets 

using a hydraulic press (pressure of 10 tonnes). The pellets were subjected to X-rays. The latter 

emit energy in the form of X-rays, the spectrum of which has made it possible to determine the 

elemental chemical composition13. 

Preparation of organic extracts 

100 g of powder were macerated in 1000 ml of methanol (MeOH) (80%) with permanent stirring 

during 24 h. After filtration and concentration on a rotary evaporator (BÜCHI RII), the concentrate 

is successively exhausted with 3 × 100 ml of hexane, chloroform, ethyl acetate and n-butanol. The 

organic fractions were concentrated with a rotary evaporator, then kept in an oven (40°C) for 24 h 

to successively provide the dry extracts. For the rest, only the dry extract with ethyl acetate was 

retained. 

GC-MS analysis 

To 3 mg of dry extract with ethyl acetate, 0.5 ml of distilled dichloromethane (CH2Cl2) and 0.2 ml 

of N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA) are added. After 12 h of incubation with 

stirring in the dark at room temperature, the mixture was concentrated on a rotary evaporator to 

dryness. The dry extract was taken up in 2 ml of ethyl acetate (AcOEt), filtered through a 

disposable filter (0.2 μm porosity) and an aliquot injected into a GC-MS chromatograph 

(SHIMADZU, model QP2010SE) equipped with a Zbron ZB-5ms column (7HG-G010-11) of 20 

m × 0.18 mm internal diameter, and 0.18 µm d 'film thickness in stationary phase. The carrier gas 

is helium with a pressure of 108.3 Kpa, a flow rate of 0.6 ml / min and a linear speed of 38.2 cm/s. 

The injector and detector temperatures are 280 and 290°C, respectively. The temperature program 

is 70°C for 4 min then increased to 270°C at the rate of 4°C/min and maintained during 20 min. A 

quadrupole type detector recorded the mass spectra and the ionization was carried out by electronic 

impact under a potential of 70 eV at 230°C, 50 scans/s for the scanning speed and 10,000 amu/s 

for the acquisition speed. The volatile compounds were identified after comparison, on the one 

hand, of their spectral configurations obtained with those of the databases (NIST 98. LIB and 

Wiley 275), and on the other hand, by referring to data drawn from the literature14. 

Phytoconstituent from ethyl acetate dry extract: Isolation and characterization  

The dry extract (817 mg) was fractionated in column containing silica gel (50 g). The elution was 

carried out with a ternary mixture of dichloromethane (DCM) / AcOEt / MeOH by varying the 

proportions (Table 1). Four fractions (I-IV) were collected according to the similarity of the 

chromatographic profiles. The first fraction (22.4 mg) was subjected to preparative plate 

chromatography. After development by means of a ternary mixture, DCM / AcOEt / MeOH 
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(76/19/5), drying and collection of the band of interest, a phytocompound (7.11 mg) was isolated 

by scraping. Its molecular structure was determined by GC-MS and 1H NMR (Bruker 400 MHz 

acetone-d6 spectrometer). 

Table 1: Solvent gradients 

DCM (ml) AcOEt (ml) MeOH (ml) 

76.8 19.2 4 

76.0 19.0 5 

75.2 18.8 6 

74.4 18.6 7 

73.6 18.4 8 

72.8 18.2 9 

72 18 10 

RESULTS AND DISCUSSION 

Stem bark mineral profile  

Minerals differ in weight and functional diversity and their content in plants is variable. The results 

of C. aralioides stems mineral chemical analysis revealed the presence of macro elements (Ca, K, 

Mg, Cl, S, Na, P) and microelements (Si, Fe, Mn, Zn, Cu, Ni,) (Table 2). The presence of 

macroelements and microelements, among which the nutrients for the constitution and 

maintenance of tissues (Ca, P) and the regulation of metabolism (Na, K, P, Mg, Fe, Zn, Cu, Mn), 

and other mineral elements (Sr, Ti, La, Cs, Rb, Ta, Cd) have been identified15 (Table 2). The 

coexistence of these minerals proves that C. aralioides stems have therapeutic properties16-18. 

Table 2: Elemental chemical composition of Cissus aralioides stems (mg/100g) 

Macroéléments  Microéléments  Autres éléments 

Ca 3082 ± 3 Si 50,84 ± 0,4 Sr 8,90 ± 0.02 

K 1135 ± 2 Fe 8.92 ± 0.09 Ti 5,46 ± 0,51 

Mg 761,6 ± 3 Mn 8.58 ± 0.15 La 4,44 ± 0.07 

Cl 354,2 ± 0.3 Zn 7,87 ± 0.04 Cs 3,71 ± 0.59 

S 300,0 ± 0.3 Cu 0,70 ± 0.03 Rb 1,31 ± 0.01 

Na 236 ± 6.7 Ni 0,49 ± 0.03 Ta 0,39 ± 0.01 

P 176,3 ± 0.3   Cd 0,26 ± 0.06 

Ethyl acetate extract GC-MS profile 

According to Figure 1 and Table 3, GC-MS after derivatization of C. aralioides stems AcOEt dry 

extract showed at least 28 phytoconstituents, which 22 were identified. These are phenolic 

compounds (25.09 %; peaks 2, 3, 4, 7, 10, 15, 26, 27), stilbenoids (29.29 %; peaks 5, 16, 18, 21, 

25), phytosterols (26.13 %; peaks 19, 20, 23, 24) a triterpene (1.80%°; peak 11) and various other 

compounds (7.27 %; peaks 1, 9, 13, 14). 
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(A) 

 

(B) 

 

Figure 1: GC-MS chromatogram of the dry extract with ethyl acetate of the stems of Cissus 

aralioides (A) (from 0 to 14.5 min), (B) (from 14.5 to 30 min) 

Fragmentation analysis (Table 3) revealed the existence of a peak at m/z 73 in almost all mass 

spectra, representing the trimethylsilyl (TMS) moiety. The [M-89]+ and [M-15]+ fragments 

corresponding respectively to the loss of a trimethylsiloxy [-O-Si(CH3)] and of a methyl (CH3) 

were recorded. These fragmentations are characteristic of oximes-TMS derivatives19. On the other 

hand, the presence of the fragment at m/z 147 [(CH3) 2Si = O-Si (CH3)3]
+ also indicates that two or 

more TMS groups are present in a molecule20. The main ion of the compound (peak 10) at m/z 193 

[M-177]+ is generated according to the main fragmentation pathway of phenolic acids21. The 

compound (peak 15) at m/z 650 [M+] whose fragment at m/z 368 resulting from the Diels-Alder 

retro cleavage of the B characteristic cycle of flavonoids22, corresponds to catechin. Thus, GC-MS 

analysis of the ethyl acetate dry extract of C. aralioides stems (Table 3) showed the presence of 

secondary metabolites with numerous activities beneficial to human health. Indeed, polyphenols 

are involved in the prevention and treatment of cancer, cataracts, atherosclerosis, diabetes, high 

blood pressure, neurodegenerative diseases and arthritis30-32. Stilbenes have a wide range of 

therapeutic properties (anti carcinogenic, cardioprotective, neuroprotective, antioxidant, anti-

inflammatory, antidiabetic)33-36. Sterols play an important role in lowering LDL cholesterol37. In 

addition, they show anticancer and antioxidant activities38, 39. The presence of these 

phytocompounds in the stems of C. aralioides could justify their various uses in traditional 

medicine 
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Table 3: Compounds identified by GC-MS in ethyl acetate dry extract 

Peak TR 

(min) 

Percenta

ge (%) 

Molecular 

formula 

Molar mass 

(g/mol) 

Fragmentation, m/z (%) Identified compound Reference 

1 6.74 4.49 C12H16O2Si 22 220[M]+  (21), 205 [M-CH3]
+(52), 

147[M-TMS]+ (78), 131 (8), 117(30), 

103[M-COOTMS]+ (30), 89(5), 73(100) 

E-cinnamic acid [19] 

2 7.524 1.55 C10H14O2Si 194 194(60), 179(100), 151(60), 135(10), 

105(5), 89(22), 73(38) 

4-Hydroxybenzaldehyde NIST08.LIB 

3 8.880 1.14 C13H22O3Si2 282 282(30), 267(100), 223(80) 193(45), 

147(5), 103(2), 73(65), 

p-hydroxybenzoic acid NIST08.LIB 

4 9.331 2.79 C20H32O4Si2 392 392(70), 377(10), 288(2), 267(90), 

217(18), 179(8), 179(5), 129(2), 73(100) 

3-methyl-2-butenyl caffeate [23] 

5 9.416 2.83 C20H28O2Si2 356 356(100),341(49),267(52),251(21),193(

10), 178(5), 147(30), 103(15),73(90) 

Pinosylvine (3,5-

dihydroxystilbene) 

[24] 

6 10.044 1.67  481 481(48), 466(3), 355(80), 339(3), 

281(10), 267(15), 134(5) ; 73(100) 

Not identified  

7 10.470 1.70 C16H28O3Si2 324 324(5),309(1),288(5),235(3),217(50),20

5 (40);146(10),147(20),117(40),73(100) 

E-Coniferol (4-hydroxy-3-

methoxycinnamyl alcohol) 

[25] 

8 10.550 0.55  299 299(100), 284(0.5), 261(0.5), 204(1), 

147(1), 75(40) 

Not identified  

9 10.942 1.05 C19H40O2Si 328 328(15),313(80),285(5),145(30)132(59), 

117(100), 73(81) 

Palmitic acid NIST08.LIB 

10 11.199 0.75 C16H30O4Si3 370 370(60), 355(30), 311(20), 281(10), 

267(5), 193(100), 147(4), 73(75) 

Protocatechic acid (3,4-

dihydroxybenzoic) 

NIST08.LIB 

11 11.309 1.80 C22H32OSi 340 340 (10), 325 (15), 297(8), 265 (3), 250 

(10), 221(1), 73 (100), 

12-Hydroxysimonellite [26] 

12 11.410 0.63  357 357(10), 327(100), 267(12), 241(1), 

177(5), 159(15), 75(42) 

Non identified  

13 11.667 0.89 C21H42O2Si 354 354(10),339(60),265(20),222(10),199(2

0),166(10),129(40), 117(80), 73(100) 

(9E)-octadecénoic acid NIST08.LIB 

14 11.773 0.84 C21H44O2Si 356 356(15), 341(85),313(5),293(5),201(15), 

145(32), 132(52), 117(100),73(100) 

Stearic acid NIST08.LIB 

15 12.120 1.18 C30H54O6Si5 650 650(15),383(10),368(100),355(40),294( Catechin (2-(3,4- [19] 
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1), 267(10),249(2),179(5),147(1),73(60) dihydroxyphenyl) chromane 

-3,5,7-triol) 

16 12.353 2.23 C23H36O3Si3 444 444(100), 429(5), 340(1), 251(1), 

236(1), 207(2) 165(2), 147(2), 73(62) 

Z-Resveratrol [27] 

17 12, 

733 

1.45  708 708(50),693(12),618(15),587(30),515(2

0),498(20),354(50),239(15), 

209(15),73(100) 

Not identified  

18 12.857 0.78 C26H44O4Si4 532 532(100), 517(10), 443(1), 429(1), 

355(1), 192(1), 147(1), 73(65) 

Z-Piceatannol (4-[(Z)-2-

(3,5-

dihydroxyphenyl)ethenyl]be

nzene-1,2-diol) 

[28] 

19 12.993 3.04 C32H56OSi 484 484 (45), 469 (10), 394(50), 379 (18), 

355(12), 351 (10), 297 (30), 255 (32), 

129 (55), 83(100). 

Stigmasterol NIST08.LIB 

[29] 

20 13.784 2.87 C32H56N2O4

Si2 

576 576(22), 561(8), 547(10), 531(2), 

487(50), 486(100), 487(50), 398(35), 

383(10), 368(12), 323(8), 264(5), 

207(15), 73(65) 

Corticosterone diéthoxime, [26] 

21 13.844 20.09 C23H36O3Si3 444 444(100), 429(8), 371(1), 341(1),  

355(2), 341(2), 267(1), 251(0.5), 207(5), 

191(0.5),  179(0.5), 147(4), 73(59) 

E-resveratrol (E-3,5,4'-

trihydroxystilbene) 

[27] 

22 13.923 7.42  461 461(7),394(1),365(1)337(1),309(1),282(

0.5),267(1),239(1),211(6),169(6),113(20

),57(100) 

Not identified  

23 14.177 14.88 C32H36OSi 484 484(55),469(25),394 (5), 379 (15), 355 

(10),343(100), 239(10), 255(75),129 

(35),73(60). 

23-Déhydrositosterol [29] 

24 14.313 8.21 C29H46O 410 410(15), 367(12), 312(3), 297(10), 

282(2), 269(100), 245(15), 229(10), 

147(15), 109(11), 81(30), 69(20) 

α-Spinasterone NIST08.LIB 

25 14.730 3.36 C26H44O4Si4 532 532(100), 517(10), 443(1), 429(1), 

355(1), 192(1), 147(1), 73(65) 

E-Piceatannol (4-[(E)-2-

(3,5-

dihydroxyphenyl)ethenyl]be

nzenè-1,2-diol) 

[28] 
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26 19.330 15.98 C13H22O3Si2 282 282(2), 267(100), 209(1), 193(1), 

179(1), 163(1), 117(1), 73(20) 

2,4- Dihydrobenzaldehyde NIST08.LIB 

27 19.580 4.68 C13H22O3Si2 282 282(1), 267(100), 251(1), 223(1), 

193(1), 179(2),  165(1), 136(1), 73(20) 

2,5-Dihydrobenzaldehyde NIST08.LIB 

28 22,343 7.88  798 798; 721; 707; 647; 619; 559; 455; 436 ; 

431 ; 360 ; 344 ; 267 ; 179, 147 ; 73 

Not identified  
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(E)-resveratrol structure 

(E) -resveratrol, isolated from AcOEt dry extract, is a light yellow powder. Its GC-MS profile 

(Figure 3A) showed a purity of 96.6 %, and a retention time of 13.797 min. Its mass spectrum 

(Figure 3B) showed a molecular peak at m/z 228.24 [M+H] +, corresponding to the crude formula 

C14H12O3. 

A 

 

B 

 

Figure 3: GC-MS chromatogram (A) and (E) -resveratrol mass spectrum (B) 

The 1H NMR spectrum revealed 2 ethylenic protons [δH7.04 (1H, d, J = 16.3 Hz, HC), δH 6.90 (1H, 

d, J = 16.3 Hz, HD), whose constant coupling 3JHH indicates that the double bond is of 

configuration E (Figure 4). 

 

Figure 4: 1H NMR spectrum of (E)-resveratrol 
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The signals of the seven aromatic protons constitute two independent systems. The first consists of 

the two groups of complex signals [δH7, 46-7, 42 (2H, m system AA’XX ’, HE) and δH 6, 88-6.82 

(2H, m system AA’XX’, HF). Depending on the nature of the signal and the large difference in 

chemical shift, the signals are assigned to the protons of the para-disubstituted cycle. The second 

aromatic system also consists of two groups of protons [δH 6.55 (2H, dd, J = 2.2 and 0.5 Hz, HB), 

δH 6.28 (1H, t, J = 2.2 Hz, HA). This motif is compatible with a trisubstituted aromatic system, 

symmetrical and particularly rich in electrons. It can be noted that there is a weak coupling 

constant between the HB signals corresponding to a distant zigzag coupling, indicating the 

presence of a plane conjugate system. Finally, 2 broad singlets [δH 8.58 (s, 1H, OH), δH 8.30 (s, 

2H, OH) represent the 3 protons of the phenolic OH of resveratrol (Figure 5).  

.  

Figure 5: (E)-resveratrol molecular structure  

Resveratrol is the best known stilbene. It is a phytoalexin from the vine34. It manifests anti-

inflammatory and anticancer properties. Resveratrol is considered as a powerful antioxidant whose 

potential has been linked to beneficial effects in cardiovascular disease. Finally, it would have anti-

aging properties, and could prevent certain neurodegenerative diseases34, 36, 40. 

CONCLUSION 

Medicinal plants virtues depend on its mineral and organic composition. The mineral and GC-MS 

profile of C. aralioides was established and (E) - resveratrol was isolated at the first time in this 

study. The presence of secondary bioactive principles and minerals seems to explain its medicinal 

properties. The results obtained support the use of the plant in traditional medicinal practices to 

treat several diseases. C. aralioides can serve as an isolation matrix for phytoconstituents of 

interest. 

REFERENCES  

1. Global Plants. https://plants.jstor.org/compilation/cissus.aralioides Available and visited 

29-03-2021. 

 

 

http://www.ajptr.com/
https://plants.jstor.org/compilation/cissus.aralioides


Delphine et. al., Am. J. PharmTech Res. 2021; 11(3)     ISSN: 2249-3387 

61 www.ajptr.com 
 

2. Malan DF, Neuba DFR. Traditional practices and medicinal plants use during pregnancy 

by Anyi-Ndenye Women (Eastern Côte d'Ivoire). African Journal of Reproductive Health 

2011; 15 (1): 85-93. 

3. Ezeja MI, Omeh YN, Onoja SO, Ukaonu IH. Anti-inflammatory and antioxidant activities 

of the methanolic leaf extract of Cissus aralioides. American Journal of Pharmacological 

Sciences 2015; 3 (1): 1-6. 

4. Chukwuebuka NB, Kelechi AK, Nwanneamaka EC, Stephen UC. Toxicity studies and 

phytochemical screening of aqueous extract of Cissus aralioides plant. Journal of 

Advances in Medical and Pharmaceutical Sciences 2018; 17 (1):1-7. 

5. Aluka P. www.aluka.org/action/showcom-pilationpage?doi=10.5555. Accessed August 7, 

2013. 

6. Assob JC, Kamga HL, Nsagha DS, Njunda AL, Nde PF, Asongalem EA., Njouendou AJ, 

Sandjon B, Penlap VB. Antimicrobial and toxicological activities of five medicine plant 

species from Cameroon Traditional Medicine, BMC Complementary and Alternative 

Medicine 2011 ; 11: 70-75. 

7. Tchacondo T, Karou DS, Batawila K, Agban A, Ouro-Bang’na K, Anani KT, Gbeassor M, 

de Souza C. Herbal remedies and their adverse effects in Tem tribe traditional medicine in 

Togo. African Journal of Traditional Complementary and Alternative Medicines 2011; 8: 

45-60. 

8. Burkill, HM. The useful plants of West Tropical Africa, Families vol. 5, Royal Botanical 

Gardens Kew 2000: 301-302.  

9. Borokini TI, Omotayo FO. Comparative phytochemical analysis of selected medicinal 

plants in Nigeria. International Journal of Advanced Chemical Research 2012; 1 (1): 11-18.  

10. Ezeja MI, Onoja SO, Ukwueze CO, Madubuike GK. Evaluation of the analgesic activity of 

Cissus aralioides leaves in rat. Journal of Chemical and Pharmaceutical Research 2015; 7 

(3): 2525-2528. 

11. Anosike CA, Ako AC, Nwodo OFC. Anti-inflammatory and membrane stabilization 

activities of methanol extract of Cissus aralioides leaves. Research Journal of 

Pharmaceutical, Biological and Chemical Sciences 2018; 9 (4):18-28. 

12. Nwogueze BC, Anachuna KK, Eke CN, Ufearo CS. Toxicity Studies and Phytochemical 

Screening of Aqueous Extract of Cissus aralioides Plant. Journal of Advances in Medical 

and Pharmaceutical Sciences 2018; 17 (1): 1-7. 

http://www.ajptr.com/
http://www.aluka.org/action/showcom-pilationpage?doi=10.5555


Delphine et. al.,  Am. J. PharmTech Res. 2021;11(3)  ISSN: 2249-3387 

www.ajptr.com  62 
 

13. Assimopoulou AN, Papageorgiou VP. GC-MS analysis of penta- and tetra-cyclic 

triterpenes from resins of Pistacia species. Part II. Pistacia terebinthus var. Chia. 

Biomedical Chromatography 2005; 19: 586-605. 

14. Kouadio ATG, Kabran GRM, Mamyrbekova-Bekro JA, Virieux D, Pirat J-L, Bekro Y-A. 

Total alkaloids and in vitro antioxidant activity of Crinum jagus L. (Amaryllidaceae) 

organs from Côte d’Ivoire. International Journal of Green and Herbal Chemistry, 2020; 9 

(4): 451-463. 

15. https://fr.wikipedia.org/wiki/Nutriment, consulted 29/04/2021. 

16. Williams RJP. The chemical elements of life. Journal of the Chemical Society, Dalton 

Transactions 1991; 539-546. 

17. Lakatos B, Szentmihalyi K, Vinkler P, Balla J, Balla G. The role of essential metal ions in 

the human organism and their oral supplementation to the human body in deficiency states. 

Orvosi Hetilap 2004; 145 (25): 1315-1319.  

18. Zoroddu MA, Aaseth J, Crisponi G, Medici S, Massimiliano P, Nurchi VM. The essential 

metals for humans: a brief overview. Journal of Inorganic Biochemistry 2019; 195: 120-

129. 

19. Proestos C, Komaitis M. Analysis of naturally occurring phenolic compounds in aromatic 

plants by RP-HPLC coupled to diode array detector (dad) and GC-MS after silylation. 

Foods 2013; 2: 90-99. 

20. Halket JM. Handbook of Derivatives for Chromatography. John Wiley & Sons, UK 1993: 

297-326. 

21. Robbins JR. Phenolic acids in foods: An overview of analytical methodology. Journal of 

Agricultural and Food Chemistry 2003; 51: 2866–2887. 

22. Donovan JL, Luthria DL, Stremple P, Waterhouse AL. Analysis of (+)-catechin, (-)-

epicatechin and their 3′- and 4′-O-methylated analogs: A comparison of sensitive methods. 

Journal of Chromatography B 1999; 726: 277-283. 

23. Greenaway W, Whatley FR. Resolution of complex mixtures of phenolics in poplar bud 

exdate by analysis of gas chromatography-mass spectra data. Journal of chromatography 

1990; 519: 145-158. 

24. Poljanšek I, Oven P, Vek V, Raitanen JE, Hemming J, Willför S. Isolation of pure 

pinosylvins from industrial knotwood residue with non-chlorinated solvents. 

Holzforschung 2019; 73 (5): 475-484. 

http://www.ajptr.com/
https://fr.wikipedia.org/wiki/Nutriment


Delphine et. al., Am. J. PharmTech Res. 2021; 11(3)     ISSN: 2249-3387 

63 www.ajptr.com 
 

25. Ken-Ichi K. Pyrolysis-trimethylsilylation analysis of lignin: preferential formation of 

cinnamoyl alcohol derivatives. Journal of Analytical and Applied Pyrolysis. Journal of 

Analytical and Applied Pyrolysis 2000; 56: 79-87. 

26. De Valery AI. GC-MS of Biologically and Environmentally Significant Organic 

Compounds: TMS Derivatives. John Wiley & Sons 2020: 720 p. 

27. Rimando AM, Kalt W, Magee JB, Dewey J, Ballington JR. Resveratrol, Pterostilbene, and 

Piceatannol in Vaccinium Berries. Journal of Agricultural and Food Chemistry 2004; 52, 

4713-19. 

28. Otto A, Simoneit B. Chemosystematics and diagenesis of terpenoids in fossil conifer 

species and sediment from the Eocene Zeitz Formation, Saxony, Germany. Geochimica et 

Cosmochimica Acta 2001; 65 (20): 3505-3527. 

29. Takatsuto S, Omote K. Phytosterol Composition in the Pollen of Sunflower, Helianthus 

annuus L. Agricultural and Biological Chemistry 1989; 53 (12): 3363-3364. 

30. Chun SS, Vattem DA, Lin YT, Shetty K. Phenolic antioxidants from clonal oregano 

(Origanum vulgare) with antimicrobial activity against Helicobacter pylori, Process 

Biochemistry 2005; 40: 809-816. 

31. Lee KG, Mitchell AE, Shibamoto V. Determination of antioxidant properties of aroma 

extracts from various beans, Journal of Agricultural and Food Chemistry 2000; 48 (10): 

4817-4820. 

32. Sikorski ZE, Kołakowska A. Chemical a functional properties of food antioxidants on 

reactive oxidant and plasma lipid level. Food Science and Biotechnology 2003; 9 (2): 83-

88. 

33. Rivière C, Pawlus AD, Mérillon JM. Natural stilbenes: distribution in the plant kingdom 

and chemotaxonomic interest in Vitaceae. Natural Product Reports 2012; 29: 1317-1333. 

34. Stervbo U, Vang O, Bonnesen CA. Review of the content of therapetative chemo 

preventive phytoalexin Resveratrol in red wine. Food Chemistry 2007; 101: 449-457. 

35. Aggarwal BB, Bhardwaj A, Aggarwal RS, Seeram NP, Shishodia S, Takada Y. Role of 

resveratrol in prevention and therapy of cancer: preclinical and clinical studies. Anticancer 

research 2004; 24: 2783-840. 

36. Wang Z, Zou J, Cao K, Hsieh TC, Huang Y, Wu JM. Dealcoholized red wine containing 

known amounts of resveratrol suppresses atherosclerosis in hypercholesterolemic rabbits 

without affecting plasma lipid levels. In J Molecular Medicine 2005; 16: 533-40. 

http://www.ajptr.com/


Delphine et. al.,  Am. J. PharmTech Res. 2021;11(3)  ISSN: 2249-3387 

www.ajptr.com  64 
 

37. Ostlund REJr. Phytosterols, cholesterol absorption and healthy diets. Lipids 2007; 42 (1): 

41-44. 

38. Awad AB, Roy R, Fink CS. Beta-sitosterol, a plant sterol induces apoptosis and activates 

key caspases in MDA-MB-231 human breast cancer cells. Oncology Reports 2003; 10: 

497-500. 

39. Van Rensburget SJ, Daniels WM, Van Zyl JM, Taljjard JJ. A comparative study of the 

effects of cholesterol, beta-sitosterol, beta-sitosterol glucoside, dehydro epiandrosterone, 

sulphate and melatonin on in vitro lipid peroxidation. Metabolic Brain Disease 2000; 15: 

257-265. 

40. Tseng SH, Lin SM., Chen JC, Su YH, Huang HY, Chen CK, Lin PY, Chen Y. Resveratrol 

suppresses the angiogenesis and tumor growth of gliomas in rats. Clinical cancer research: 

an official journal of the American Association for Cancer Research 2004; 10: 2190-2202. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  AJPTR is 

 Peer-reviewed       

 bimonthly 

 Rapid publication 

Submit your manuscript at: editor@ajptr.com 

http://www.ajptr.com/
mailto:editor@ajptr.com

