Ain Shams University
Faculty of Education
Department of Chemistry

“Studies on the Effect of Thermal and Radiation
Treatments Using Microwave
and y-Irradiation on the Volatile Oil Components and

Antioxidant Activity of Some Herbs and Spices”
Thesis Submitted
By
Engy Mahmoud Mohamed Mahmoud

B.Sc., Ed. 2005
For
The Degree of
Master of Teacher’s Preparation in Science
(Organic Chemistry)

Supervisors
Prof. Dr. Mostafa Mohamed Ismail

Department of Chemistry - Faculty of Education- Ain Shams University
Prof.Dr. Mohamed Abass Mohamed
Department of Chemistry - Faculty of Education- Ain Shams University
Prof.Dr. Magda Abdelmonem Abdelmageed
Chemistry of flavour and aroma-National research center

Cairo

Egypt
2015






Ain Shams University
Faculty of Education
Department of Chemistry

Approval Sheet

Studies on the Effect of Thermal and
Radiation Treatments Using Microwave
and y-Irradiation on the Volatile Qil
Components and Antioxidant Activity of Some
Herbs and Spices

Supervisors Signature

Prof. Dr. Mostafa Mohamed Ismail ...
Prof. of Organic Chemistry, Faculty of Education, Ain Shams University.

Prof. Dr. Mohamed Abass Mohamed ...
Prof. of Organic Chemistry, Faculty of Education, Ain Shams University.

Prof. Dr. Magda Abdelmonem Abdelmeged .....................coonal.

Prof and head of Chemistry of flavor and aroma, National Research Center

Head of Chemistry Department
Prof. Dr. Ali Taha
Higher studies:
The thesis was approved Approval date / /2015
Approved by Council of Faculty Approved by Council of University
Date / /2015 Date / /2015






First and foremost I would like to thank, ALIAH, the most Merciful and Gracious, for
lightening my path and guiding me throughout the course of this work,

I would like to express my sincer gratitude, and appreciation to Prof. Dr. Magda Abdelmonem
Abdelmageed ,prof .doctor and head of flavor and aroma department, national research center, for her
continuous and valuable discusstion during subrivision, for her suggestion of the the plane of research,
valuable helping in interporetation of the results, continuous encouragement ,valuable revision and lay out of

this thesis and to follow the progress of the work with keen interest and guidance.

Also I would like to thank prof Dr. Mostafa Mohamed Ismail , who provided me a great support
through the time I spent to collect the material and write this thesis and helping in interpretation of the

results.] would [ike to express my thanks to him for his efforts in this thesis.

Also I am extremely indebted to prof Dr. Mohamed Abbas Mohamed, for helping me ,continuous

encouraging and valuable discution during writining the thesis.

Also I am extremely indebted to prof Dr. Fouad Osman, for helping me, and valuable discusstion

and rivision during writining the thess.

In addition, my sincere thanks and greatefulness go to Dr Gamil Elsayed Ibrahim, doctor of
Slavour and aroma department, national research center, for his continuous and valuable discusstion
during subrivision, continuous encouragement, helping in practical work and writining the thesis and

his valuable revision.

Also I am extremely indebted to Dr. Rarima abd elkhaliq, for performing irradiation part..

Last but not the least, I remember with gratitude to chemistry department —faculty of education-ain shams

untversity-members who were always a source of strength, support and inspiration.

Engy Mahmoud Mohamed






Content

LiSt OF FIQUIES ..eveeieececece e

List of Tables ...

Abbreviation table ...,

AIM Of the WOrK ......oooviiiii

ADSEFACT ... s

SUMMATY oo

Published work

literature survay

1. INErodUCHION ...cooiieie e 1

L LANISE oottt e 5

1.1.1. Anise oil yield and volatile composition.......... 6
1.2. FENNEL....ooiice e 8
1.2.1. Fennel oil yield and volatile composition ......... 9
1.3. Black CUmMin .......coovviiiiiecie e 10
1.3.1 QOil yield and volatile composition.................... 10
1.4. Gamma irradiation of herbs and spices .............. 12
1.4.1. Safety and effectiveness of irradiation ........... 15
1.4.2. Effect of irradiation dose on volatiles and
impact on organoleptic changes.........ccccvvvvvvnieniene. 16
1.5. Thermal treatments of herbs and spices ............. 18
1.6. Antioxidant actiVity ..........cccccevvreiieninicnie e 24
1.6.1. Types of AntioxXidants..........cccovveverieerenienniennn 24
1.6.1.1 Natural antioxXidants...........cccccevvveviverieniinennnnn 24
1.6.1.2. Synthetic antioXidants...........cccccevvererieeninnne. 25

a



Content

1.6.2. Antioxidant activity of essential oils and non-

volatile compounds........ccccccvevveviiiiie i, 25
1.6.3. The mechanism of antioxidant reactions......... 26
1.6.3.1. initiation of autoxidation ...............cccccevennn. 27
1.6.3.2. Propagation and end termination of
Y0100 (6 L1 o] o SR 30
1.7. Effect of extraction method on essential oil ....... 31
1.7.1.DiStillation .........cccoveveeiieiiece e 31
1.7.1.1. Advantage and disadvantage of method of
) (o1 1 o] SR 33
1.7.2. Supercritical fluid extraction (SFE) ................ 34
1.7.3. Microwave assisted extraction................c........ 38

1.7.3.1. Microwave-assisted extraction with ethanol ....

1.7.4. Solvent extraCtion ..........ccccceevvveeveeveeviesinesnn, 39
1.8 .EStragole ......ccooveiiiiie e 41
1.9. High performance liquid chromatograph (HPLC)
.................................................................................... 45
2. Materials and Methods...........ccccevievieiii i
2.1. Plant materialS .........cccoocevieiiieiiciic e 52
2.2.Chemicals.......c.cccceveiiiiiiiie e 52
2.3. Thermal processing and irradiation of samples..52
2.4. Isolation of essential il ..............c.ccooeeviiiirennnne. 53
2.5. Gas chromatographic (GC) analysis................... 53

2.5.1.Gas chromatographic-Mass spectrometry
ANAIYSIS. .ot 53



Content

2.6.Antioxidant activity assay .........cccceveerivesiveerveenne 54
12.6.1.DPPH scavenging assay .........cccccceveeeriernnens 54
2.6.2. 3 —Carotene scavenging activity assay............ 54

2.7.Determination of total phenolic content (TPC) ..55

2.8.HPLC analysiS .......cccccovvviieiiieie e 55
2.8.1.Extraction procedure..........ccccevvveriesneniunennennns 55
2.8.2.HPLC analysis instrumentation.........c..cccceeveerreeennnenn. 56
2.9. Statistical analyses.........cccovvevvevienieniece e 56
3.Results and DISCUSSION.........cccviiverieeiiesie e e see e
3.1.Anise (Pimpinella Anisum L.) ....cccoovviviineinenne. 57

3.1.1.Volatile components in hydrodistillation oil
(HD) of raw, conventionally roasting, microwave
heated and y-irradiation at 6,8 and 10 KGY anise

SERUS. .viiiitie et 57
3.1.2.Antioxidant activity of the HD anise seeds
essential OllS.........ccovveiiiiii 65

3.1.3. HPLC analysis of y-irradiated selected sample

3.2.Fennel (Feniculum Vulgare mill) ...........c.c....... 71

3.2.1. Volatile components in HD oil of raw,
conventionally roasted, microwave heated and roasted

by vy — irradiation at 6,8 and10 KGy fennel seeds. ....71
3.2.2.Antioxidant activity of the HD fennel seed
essential OilS........ccoveveiiiii 81



Content

3.2.3.HPLC analysis of selected samples (microwave
treatment) .......ocveveeiece e 85

3.3.Black cumin (Nigella Sativa L.) .........c.cccueenneeee. 87

3.3.1.Volatile components in HD oil of raw,
conventionally roasted, microwave heating and y—

irradiation at 6,8 and 10 KGY. .......ccccecvevviviciiennnnn, 87
3.3.2.Antioxidant activity of the HD black cumin

seed essential OilS.........cccevvriieiiiiiniieie e, 101
3.3.3.HPLC analysis of phenolic compounds in black
(011 0 1 USRS 106
(@01 [0} 1157 o] o PR PP 107
4. REFEIENCE ..oocveiie e 108
Published WOrkK.........c.cccoviiiinii e
Arabic SUMMANY ......coooeiii e
ArabiC abStract ........ccceviiieiiii



Content

List of Tables

Table 1. Volatile components isolated in the hydrodistillation anise
seed oil of raw, electric oven, microwave and y-irradiation at
6,8 and 10 KGy.

Table 2. Effect of y-irradiation on phenolic compound of anise
essential oil (treated with 8 KGy).

Table 3. Volatile components isolated in the hydrodistillation oil of
fennel raw, electric oven, microwave and vy -irradiation at 6,8
and 10 KGy.

Table 4. Phenolic compounds in the selected sample of fennel

(Microwave).

Table 5. Volatile components isolated in the hydrodistilled oil of
raw, conventionally roasted, microwave heated and roasted by

y-irradiation black cumin seeds at 6,8,10 KGy.

Table 6. Identified phenolic compounds in Nigella sativa treated by
microwave by HPLC






Content

List of Figures

Fig.1. Chemical structure of gossypol
Fig.2. Chemical structure of synthetic antioxidants
Fig.3. Mechanism of autoxidation

Fig.4. Peroxide formation through 1,2 addition

Fig.5. Quinones

Fig. 6. Bioactivation pathway of estragole

Fig.7. Radicals intermediates from anethole an estragole
Fig.8. Biosynthesis of the main phenolic classes

Fig.9. Some phenylpropanoids, neolignans and their glycosides
isolated from Iliciumplants

Fig. 10.Chemical structures of the main phenolic compounds of
fennel.

Fig.11. Gas Chromatograms of volatiles in HD oil of raw (control),

thermally roasted (electric oven) and microwave heated anise seeds

Fig.12. Gas Chromatograms of anise essential oil treated with
different y- irradiation dosed (6,8 and 10 KGy).

Fig.13. The total area percentages of the main chemical classes in HD
anise oil treated with thermal treatments (electric oven,

microwave) as well as y-irradiation at three doses.

Fig.14. Scavenging effect of anise volatile oil on DPPH radicals with

different concentrations compared to BHT

f



Content

Fig.15. Scavenging effect of anise volatile oil on B-carotene linoleic

acid bleaching with different concentrations compared to BHT
Fig.16. Total Phenolic content of anise extract

Fig.17. HPLC chromatogram of anise essential oil irradiated at

8 KGy.

Fig. 18: Gas Chromatograms of volatiles in HD oil of raw (control),
thermally roasted (Electric oven and microwave) heated fennel seeds.

Fig. 19.Gas Chromatograms of fennel essential oil treated with
different y- irradiation doses (6,8 and 10 KGy).

Fig. 20. The total area percentages of the main chemical classes in
HD fennel oil treated with thermal treatments (electric oven,

microwave) as well as y-irradiation at three doses.

Fig. 21. Scavenging effect of fennel volatile oil on DPPH radicals

with different concentrations compared to BHT

Fig. 22. Scavenging effect of fennel volatile oil on -carotene linoleic
acid bleaching with different concentrations compared to
BHT

Fig. 23. Total Phenolic content of fennel extract

Fig.24. HPLC chromatogram of fennel essential oil (microwave
treatment)

Fig. 25. Chemical structure of various thymoquinone
Fig. 26. Pathway for the biosynthesis of thymol and carvacrol from y-

terpinene and p-cymene.




Content

Fig. 27.Gas Chromatograms of volatiles in HD oil of raw (control),
thermally roasted (electric oven) and microwave heated

black cumin seeds.

Fig. 28.Gas Chromatograms of black cumin essential oil treated with

different y - irradiation dosed (6,8 and 10 KGy)

Fig. 29. The total area percentage of the main chemical classes in HD
Black cumin seeds oil treated with thermal treatments

(electric oven , microwave)

Fig.30. Scavenging effect of Black cumin volatile oil on DPPH

radicals with different concentrations compared to BHT £SD

Fig. 31. Scavenging effect of Black cumin volatile oil on -carotene
linoleic acid bleaching with different concentrations compared
to BHT

Fig. 32. Total Phenolic content of Black cumin extract as well as y-

irradiation at three doses

Fig. 33. HPLC chromatogram of black cumin essential oil treated by

microwave




