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CHAPTER V 

CONCLUSION AND RECOMMENDATION 

This study examined the biochemical compounds of three different type of dates 

extracts and their corresponding compounds identified by GC-MS and LC-TOF-MS. 

The study showed that the  mixture of  50 % methanol : 50 % chloroform were found 

the best design for the extraction of biochemical compounds in dates using GC-MS 

followed by  methanol with hexane (50 % : 50 %) and combination  of  three solvents 

(33.3 % : 33.3 % : 33.3 %) to exploit the maximum number of compounds in GC-MS 

analysis compare to other solvent extracts. Among the fourteen chemical constituent 

that was identified in GC-MS, showing the high similarity index and peak area the 

three major compounds were, 6-methyl, 2,3-dihydro-3,5-dihydroxy-4H-Pyran-4-one ; 

5-Hydroxymethylfurfural and  4-Mercaptophenol. The results showed that by using 

LC-TOF-MS with mixture design methanol and chloroform (50 % : 50 %), three 

major compounds; 6-methyl-3,5-dihydroxy-2,3-dihydro-4H-pyran-4-one; 5-o-

caffeoylquinic acid; 3-o-caffeoylquinic acid and linolenic acid were detected with 

high intensity. Principal Components Analysis (PCA) performed on multivariate data 

of GC-MS results, showed the relationship between compounds extracted with 

polarity of solvents mixture from the scores and loadings plots. With respect to this 

study, the following recommendations are suggested to be employed in further 

research works: other solvents like butane, isopropanol and water can be used to get 

better profiling of the biochemical compounds. Other extraction technique may give 

higher concent-ration such as soxhlet extraction. Other type of column for GC-MS can 

also be changed for better separation. 



112 
 
 
 

 

 

REFERENCES 

Abdel-Zaher, A., R. Abdel & F. Elwasei. 2010. “Blockade of Nitric Oxide 

Overproduction and Oxidative Stress by Nigella sativa Oil Attenuates 

Morphine-Induced Tolerance and Dependence in Mice”. Neurochem Res. Vol. 

35: p. 1557–1565. 

Abdi, H. & L.J. Williams. 2010. “Principal component analysis”. Wiley 

Interdisciplinary Reviews: Computational Statistics. Vol. 2. p. 433-459. 

Abdi, H. 2003. “Multivariate analysis” in Encyclopedia for Research Methods for the 

Social Sciences. M. Lewis-Beck, A. Bryman, T. Futing (ed.). Thousand Oaks, 

CA: Sage Publications. p. 669-702. 

Abdullah, S. E., M. T. Said & H. A. Mohammed. 2011. “Phenolic Contents and 

Antioxidant Activity of Various Date Palm (Phoenix dactylifera L.) Fruits from 

Saudi Arabia”. Food and Nutrition Sciences. Vol. 2: p. 8.   

Adel, L. A. & N. B. Yassine. 2013. “Optimization of deglet-naur bate phenol 

extraction conditions”. World Academy of Science, Engineering and 

Technology. Vol. 7: p.  691-694. 

Ahmed, J. A. Al-Musalla & S. N. Al-Hooti. 2013. “Isolation and characterization of    

insoluble date (Phoenix dactylifera L.) Fibers”. Food Science. Vol. 50: p. 414-

419. 

Ahuja, S. 2003. Chromatography and separation science. Academic Press. 

Al-Farsi, M., C. Alasalvar, A. Morris, M. Barron & F. Shahidi. 2005. “Compositional 

and sensory characteristics of three native sundried date (Phoenix dactylifera L) 

varieties   grown in Oman”. Agricultural and Food Chemistry. Vol. 53: p. 7586-

7591. 

Al-Farsi, M., C. Alasalvar, K. Al-Abid, M. Al-Shoaily, Al-Amry & F. Al-Rawahy. 

2007. “Compositional and functional characteristics of dates, syrups and there 

by-products”.  Food Chemistry. Vol. 104: p. 943-947. 

Ali, M. A. 2011. “Optimization of phenolics and dietary fibre extraction from date 

seeds”. Food chemistry. Vol. 108: p. 977-985. 

Al-Redhaimani, K. N. 2005. “Chemical changes during storage of Barhi Dates under 

controlled Atmosphere Conditions”. Horticulture science. Vol. 5: p. 1413-1415. 

Al-Shahib, W.  & R. Marshall, 2002. “Dietary fiber content of 13 varieties of date 

palm (Phoenix dactylifera L.)”. Journal of Food Science and Technology. Vol. 

37: p. 719-721.  



113 
 
 
 

 

Al-Shahib, W. & R. J. Marshall. 2003. “Fatty acid content of the seeds from 14 

varieties of date palm (Pheonix dactylifera L.).” International Journal of Food 

Science and Technology. Vol. 38: p. 709-712. 

Barreveld, W. H. 2010. Date palm products. Food and Agriculture Organization of the 

United Nations, Agricultural Services Bulletin no.101, Food and Agriculture 

Organization of the   United Nations, Rome,  Italy. 

Barrow, S. 1998. “A monograph of Phoenix L. (Palmae: Coryphoideae). Kew Bulletin. 

Vol. 53: p. 513–575. 

Beebe, K.R., R.J. Pell & M.B. Seasholtz. 1998. Chemometrics, a Practical Guide. 

New York: Wiley 

Behija, E. S., M. Louedi, A. Elfeki, Z. Abdelfattah, F. Mohamed, H. Mohamed & 

Lotfi. 2011. “Protective effect of date palm fruit extract (Phoenix dactylifera L.) 

on dimethoate induced-oxidative stress in rat liver. Experimental and 

Toxicology Pathology”. Vol. 63: p. 433–441. 

Benzie, I. F. F. & J. J.  Strain. 1996. “The Ferric Reducing Ability of Plasma (FRAP) 

as a measure of antioxidant power: The FRAP assay”. Anal. Biochem. Vol. 239: 

p. 70-76. 

Besbes, B., C. Bleckerb & C. Deroanne. 2004. “Date seeds: chemical composition and    

Characteristic profiles of the lipid fraction”. Food Chemistry. Vol. 84: p. 577–

584. 

Brereton, R.G. 2003. Chemometrics: Data Analysis for the Laboratory and Chemical 

Plant, Chichester. Analytical Chemistry. Vol.80. P: 994–996. 

Brindle, J.T., H. Antti, E. Holmes, G. Tranter, J.K. Nicholson, H.W.L. Bethell, S. 

Clarke, P.M. Schofield, E. McKilligin & D.E. Mosedale, D.J. Grainger. 2002. 

“Influence of preanalytical sampling conditions on the 1H NMR metabolic 

profile of human blood plasma and introduction of the standard PREanalytical 

code used in biobanking”. Nature Medicine, Vol. 8: p. 1439–1444. 

Cai, Y., Q. Luo, M. Sun & H. Corke. 2004. “Antioxidant activity and phenolic 

compounds of 112 traditional Chinese medicinal plants associated with 

anticancer”. Life Science. Vol. 74: p. 2157–2184.  

CAMO. 2011. The unscrambler® X 2009-2011. Version 10.1 (32-bit). CAMO 

Software AS. 

CAMO. 2011. What is mmultivariate Analysis? USA: CAMO Software AS. 

Chae, S.S. & W.D. Warde. 2006. “Effect of using principal coordinates and principal 

components on retrieval clusters”. Computational Statistics & Data Analysis, 

Vol. 50: p. 1407–1417. 

http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/article/pii/S0940299310000370
http://www.sciencedirect.com/science/journal/09402993
http://www.sciencedirect.com/science/journal/09402993


114 
 
 
 

 

Chandrasekaran, M. & A. H. Bahkali. 2012. “Valorization of date palm 

(Phoenix dactylifera) fruit processing by-products and wastes using 

bioprocess technology”. Saudi Journal of Biological Sciences. Vol. 20: 

p. 105-120. 

Chavan, U. D. & R. Amarowicz. 2013. “Effect of various solvent systems on 

extraction of phenolics, tannins and sugars from beach pea (Lathyrus maritimus 

L.). International Food Research Journal. Vol. 20: p. 1139-1144. 

D.L. Massart, B.G.M. Vandeginste, L.M.C. Buydens, S. De Jong, P.J. Lewi, J. 

Smeyers-Verbeke (Eds.). 1998. Handbook of Chemometrics and Qualimetrics, 

Elsevier. 

Eisenhauer, N., M. Klier, S. Partsch, A. C. Sabais,  C. Scherber, W. W. Weisser & S. 

Scheu. 2009. “No interactive effects of pesticides and plant diversity on soil 

microbial biomass and respiration”. Applied Soil Ecology. Vol. 42. No (1): p. 

31-36. 

Elleuch, M., D. Bedigian, O. Roiseu, S. Besbes, C. Blecker & H. Attia. H. 2011. 

“Dietary fibre and fibre-rich by-products of food processing: Characterisation, 

technological functionality and commercial applications: A review”. Food 

Chemistry. Vol.124: p. 411-421. 

El-sohaimys, A. & E. E. Hafez. 2010. “Biochemical and nutritional characterization of 

date palm fruit”. Science Direct. Vol. 77: p. 288-295. 

Entezari, M. H., S. N. Hagh & M. H. Haddad. 2004. “The direct effect of ultrasound 

on the extraction of date palm fruit”. Science Direct. Vol. 11: p.  379-38. 

Fadel, M. A., L. Kurmestegy, M. Rashed & Z. Rashed. 2001. “Date variety 

recognition and sugar content estimation via color analysis”. The Second 

International Conference on Date Palms. Vol. X: p. 1-9. 

Farag, M. A., M. Weigend, F. Luebert, G. Brokamp & L. A. Wessjohann. 2013.  

“Phytochemical, phylogenetic, and anti-inflammatory evaluation of 43 Urtica 

accessions (stinging nettle) based on UPLC–Q-TOF-MS metabolomic profiles”. 

Phytochemistry. Vol. 96: p. 17–83. 

Farag, M. A., M. Mohasena, R. Heinke & A. Ludger. 2014. “Metabolomic 

fingerprints of 21 date palm fruit varieties from Egypt using UPLC/PDA/ESI–

qTOF-MS and GC–M analyzed by chemometrics”. Food research international. 

Vol. 164: p. 218-226.  

Farag, M., H. A. Gad & A. G. Heiss. 2014. “Metabolomics driven analysis of six 

Nigella species seeds via UPLC-qTOF-MS and GC–MS coupled to 

chemometrics. Food chemistry. Vol. 151: p. 333-342.  

Ferrer, I. & E. M. Thurman. 2007. “Multi-residue Method for the Analysis of 101 

pesticides and their degraders in food and water samples by liquid 



115 
 
 
 

 

chromatography/time-of-flight mass spectrometry”. Journal of 

Chromatography. Vol. 1175: p. 24-37. 

Ferrer, I. & E. M. Thurman. 2010. “Analysis of sucralose and other sweeteners in 

water and beverage samples by liquid chromatography / time-of-flight-mass 

spectrometry. Guide book of  LC-TOF-MS. 

Goncalves, C., J. J. Carvalho &M. A. Azenha. 2006. “Optimization of supercritical 

fluid extraction of pesticide residues in soil by means of central composite 

design and analysis by gas chromatography tandem mass spectrometry”. 

Journal of Chromatography. Vol. 1110: p. 6–14. 

Haider, M. S., I. A. Khan, S. A. Naqvi, M. J. Jaskani & R. W. Khan. 2013. “Fruit 

developmental stages effects on biochemical attributes in date palm”. Pakistan 

Journal of Agricultural Science. Vol. 50: p. 577-583. 

Hema, K., Gomathi & Sivasubramaniam. 2010. “Gas Chromatography – Mass    

Spectroscopic analysis of Lawsonia inermis Leaves. Life Science Journal. Vol. 

7: p. 48-50.  

Hendriks, M.M.W.B., L. Cruz-Juarez, D. De Bont, R. Hall. 2005. “Preprocessing and 

exploratory analysis of chromatographic profiles of plant extracts”. Analytica 

Chimica Acta, Vol. 545: p.53–64.   

Holmes, E. & H. Antti. 2002. “Chemometric contributions to the evolution of 

metabonomics: mathematical solutions to characterizing and interpreting 

complex biological NMR spectra”. Analyst, Vol. 127: p. 1549–1557. 

Jia Chen, Jian-Jun Chen, Li-Qiong Yang, Lei Hu & Kun Gao. 2011. Labdane 

Diterpenoids and Shikimic Acid Derivatives from Araucaria cunninghamii. 

Planta Med. Vol. 77: p. 485–488. 

Jolliffe, I.T. 1986. Principal Component Analysis. Berlin: Springer-Verlag. 

Jolliffe, I.T. 2002. Principal Component Analysis. New York: Springer. 

Kamalrul A.A., Nurul Haizun Abdul Ghani & N. Mohammad. 2015. “GC-MS based 

metabolomics and multivariate statistical analysis of Wedelia trilobata extracts 

for the identification of potential phytochemical properties”. Plant Omics 

Journal, Vol. 8, No. (6): p. 537-543. 

Kchaou, W., F. Abbes, C. Blecker, Attialt & S. Besbes. 2012. “Effects of extraction   

solvents on phenolic contents and antioxidant activities of date varieties”. 

Industrial crops and products. Vol. 45: p. 262-269. 

Kevers, C., M. Falkowski, J. Tabart, J. O. Defraigne, J. Dommes & J. Pincemail. 

2007. “Evolution of antioxidant capacity during storage of selected fruits and 

vegetables”. Journal of Agricultural and Food Chemistry. Vol. 55, No. 21: p. 

8596-8603.  

 Kiran, S (2014). "Floral Stalk on Date Palm: A New Discovery". Int J Agril Res   

Innov Tech.Vol. 4, NO. 2.  



116 
 
 
 

 

Khoddami, A. A. Meredith & H. R. Thomas. 2013. “Techniques for Analysis of Plant 

Phenolic Compounds”. Journal of Molecules. Vol. 18: p. 2328-2375. 

Llaiyaraja, N., K. R. Likhith, G. R. Sharath Babu & Farhath Khanum. 2014. 

“Optimsation of Extraction of bioactive compounds from Feronia limonia fruit 

using response surface Methodology. Food Chemistry. Vol. 173: p. 348-354.  

Lisec, J., Schauer, N., Kopka, J., Willmitzer, L., & Fernie, A. R. 2006. Gas    

          chromatography mass spectrometry-based metabolite profiling in plants. Nature   

          Protocols, Vol. 1. P: 387–396. 

 

Mansouri, A., G. Embarek, E. Kokkalon & P. Kefalas. 2005. “Phenolic profile and   

antioxidant activity of the Algerian ripe date palm fruit (Phoenix dactylifera). 

Food   Chemistry. Vol. 89: p. 411–420. 

Mathavi, P., S. Nethaji & Velavan. 2013. “GC-MS Analysis of Phytocomponents in 

the Methanolic Extract of Shorea Robusta”. International Journal of Science 

and Research. Vol. 6014: p. 2319-7064. 

Hossain. M  &   Nagooru. M.  2011. Biochemical profiling and total flavonoids contents    

of leaves crude extract of endemic medicinal plant Corydylin  terminalis L.Kunth. 

Phar-macognosy Journal. Vol. 3. Pp: 25–30. 

 

McNair, H. M., Miller, J. M. 2011. Basic gas chromatography.  

 

Mohamed A. F., M. Mohsen, R. Heinke, Ludger & A. Wessjohann. 2014. 

“Metabolomic fingerprints of 21 date palm fruit varieties from Egypt using 

UPLC/PDA/ESI–qTOF-MS and GC–MS analyzed by chemometrics”. Food 

Research International, Vol. 64: p. 218–226 

 

Mohd, S. P, Azizah. O, Najla, G S, Nazamid. S, Masturah. M,  Azizah. A, H, and 

Farooq. A. 2011. Effects of extraction techniques on phenolic components and 

antioxidant activity of Mengkudu (Morinda citrifolia L.) leaf extracts. Journal of 

Medicinal Plants Research. Vol. 5(20). pp. 5050-5057.  

  

Nicoli, M. C., M. Anese & M. Parpinel. 1999. “Influence of processing on the 

antioxidant properties of fruits and vegetables”. Food Science & Technology. 

Vol. 10: p. 94-100. 

 

Nkambule, T. P. 2008. “Antimicrobial Properties of Selected Asian Herbs. PhD. 

Doctoral dissertation. University of Florida. 

Noura, V.,   I. Trandafirb & C. Cosmulescua. 2014. “Antioxidant capacity, phenolic    

compounds and minerals content of blackcurrant (Ribes nigrum L.) leaves as 

influenced by harvesting date and extraction method. Industrial Crops and 

Products. Vol. 53. p. 133-139. 

Osawa, T., Y. Nakamura, S. Watanabe, N. Miyake & H. Kohno. 

2013. “Dihydrochalcones: evaluation as novel radical scavenging 



117 
 
 
 

 

antioxidants”. Journal of Agricultural and Food Chemistry. Vol. 51: p. 3309–

3312. 

Organic Chemistry, Wiley-VCH Publishers, 3rd ed., 2013. 

Pedersen, S & Myers, A. 2010. Understanding the principles of organic chemistry: A 

laboratory course, reprint. (PP.121-139). Cengage Learning. 

Rajeswari, B. & M. Srinivasan. 2015. “GC-MS Analysis of Bioactive Components 

from the Ethanolic Leaf Extract of Flueggea leucopyrus. Wild Research Article. 

Vol. 50: p. 270-273. 

Rajeswari, G. M., & V. R. Mohan. 2015. “GC-MS analysis of bioactive components 

of Hugonia mystax L. bark (Linaceae)”. Journal of pharmaceutical and 

biomedical sciences. Vol. 29: p. 818-824. 

Said, M. T & H. A. Mohammed. 2011.  “Phenolic contents and antioxidant activity of 

various date palm. Food and Nutrition Sciences. Vol. 2: p. 1134-1141. 

Saleh, E. A, Manal, S. T & Hamza. 2011.  Phenolic Contents and Antioxidant Activity 

of Various Date Palm (Phoenix dactylifera L.) Fruits from Saudi Arabia. Food 

and Nutrition Sciences. Vol. 2. P: 16364 , 8  

Salman, M., H. Nafees, M. Maryam & I. Pash. 2013. “Fruit developmental stages    

effects on biochemical attributes in date palm”. Science Direct. Vol. 50:  p. 577-

583.  

Selvamangai, G., & A. Bhaskar. 2012. “GC-MS analysis of phyto components in the 

methanolic extract of Eupatorium triplinereve. Asian Pacific Journal of 

Tropical Biomedicine. Vol. 2. No. 3: p. 506-509. 

Shahidi, F., P. K. Janitha & P. K. J. P. D. Wanasundara. 1992. “Phenolic     

antioxidants. Crit Rev Food. Sci. Nutrit. Vol. 32: p. 67–103. 

Shahriar, G., S. Jeffrey, P. Hsin-Hung, W. Crystal Arndt, C. A. T. Kelly & A. 

Mozayani. 2013. “Validation of LC–TOF-MS Screening for Drugs, Metabolites, 

and Collateral Compounds in Forensic Toxicology Specimens”. Journal of 

Analytical Toxicology. Vol. 37: p.  17-24. 

Shareef, A., C. J. Parnis, J. Michael, J. D. John, W. B. Bruce & Johnson. 2004. 

“Suitability of N, O-bis (trimethylsilyl)trifluoroacetamide and N- (tert-

butyldimethylsilyl) –N methyltrifluoroacetamide as derivatization reagents for 

the determination of the estrogens and 17- ethinylestradiol by gas 

chromatography–mass spectrometry”. Science Direct. Vol. 1026: p. 295-300.. 

Szyrwińska, K., A.  Kołodziejczak, I. Rykowska, W. Wasiak & J. Lulek. 2007.   

“Derivatization and gas chromatography–low-resolution mass spectrometry of 

bisphenola. Acta chromatographica. Vol. 18: p. 49- 58. 

Thompson, J. A, Nelson, L. R  & L. Ovodkin. 1998. “Identification of Diverse 

Soybean Germplasm Using RAPD Markers”. Crop Science. Vol. 38. p. 1348-

1355. 



118 
 
 
 

 

Vayalil, P. 2002. “Antioxidant and antimutagenic properties of aqueous extract of date 

fruit (Phoenix dactylifera L. Arecaceae). Journal of Agricultural and Food 

Chemistry. Vol. 50: p. 610-617. 

Velioglu, Y. S., G. Mazza, L. Gao & B. D. Oomah.1998. “Antioxidant activity and 

total phenolics in selected fruits, vegetables, and grain products. Journal of 

Agricultural and Food Chemistry. Vol. 46 (10): p. 4113- 4117.  

Villas-Boas, S. G., J.  Nilelsen, J. Smedsgaard, M. A. Hansen & U. Roessnr-Tunali. 

2007.  Metabolome analysis: An introduction. p. 83-145. 

Violeta, N., Lontrandafir & S. Cosmulescu. 2014. “Antioxidant capacity phenolic 

Compounds and minerals contents of blackcurrant leaves as influenced by 

harvesting date and extraction method”. Industrial Crops and Products. Vol. 53. 

P: 133-139. 

Wise, B. M., N. B. Gallagher, R. Bro, J. M. Shaver, W. Windig & R. S. Kocih. 2006. 

Chemometrics Tutorial for PLS-Toolbox and Solo. USA: Eigenvector Research, 

Inc. 

Wixom, R. L. 2001. “The beginnings of chromatography. The pioneers (1900-1960)”. 

Journal of Chromatography Library. Vol. 64: p. 1-38. 

Xiangying, Y., Z. Mingyue, L. Fei, Z. Shitong & Jun Hu. 2011.  “Identification of 2,3-    

dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one as a strong antioxidant in 

glucose–     histidine Maillard reaction products”. European Food Research and 

Technology. Vol. 233: p. 367-376. 

Xiaolin, L and Bruce, J. B. 2010. Analysis of Quaternary Ammonium 

Compound  Estuarine Sediments by LC-ToF-MS: Very High Positive 

Mass Defects of Alkylamine Ions as Powerful Diagnostic Tools for 

Identification and Structural Elucidation. Analytical Chemistry. Vol. 8. 

P: 7926–7935. 

 

Yen Juan, M. & Chun Chou. 2012. “Enhancement of antioxidant activity total 

phenolic and flavonoid content of black soybean solid state fermentation with 

Bacillus subtilis BCRC14715. Food Microbiology. Vol. 27: p. 586- 591. 

 

Zaid, A. 2000. ‘Date Palm Cultivation’. Plant Production and Protection. Paper 156 

Rome, Italy: FAO. 

Zhang W-M., W-Y. Huang, W.-X. Chen, Lin Han & Hai-De Zhang. 2014. 

“Optimization of Extraction Conditions of Areca Seed Polyphenols and 

Evaluation of Their Antioxidant Activities”. Molecules, Vol.19: p. 16416-

16427.  

Zhishen, J., Mengdeng, T & Jianming,W. 1999. “The determination of flavonoid 

contents in mulberry and their scavenging effects on superoxide radicals”. Food 

Chemistry. Vol. 64: p. 555−559. 

http://www.sciencedirect.com/science/article/pii/S0963996913000045
http://www.sciencedirect.com/science/article/pii/S0963996913000045
http://www.sciencedirect.com/science/article/pii/S0963996913000045
http://www.sciencedirect.com/science/article/pii/S0963996913000045
http://www.sciencedirect.com/science/article/pii/S0963996913000045
http://link.springer.com/journal/217
http://link.springer.com/journal/217


119 
 
 
 

 

Zohary, D. & Hopf, M.  2015. Domestication of plants in the old world: The origin 

and       spread of cultivated plants in West Asia, Europe, and the Nile Valley. 

Oxford University. 

 

 


	Ahmed, J. A. Al-Musalla & S. N. Al-Hooti. 2013. “Isolation and characterization of    insoluble date (Phoenix dactylifera L.) Fibers”. Food Science. Vol. 50: p. 414-419.

