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HE INFLUENCE of storage on the antimicrobial activity and

chemical composition of coriander honey was investigated.
Swaphylococcus aureus, Escherichia coli and Candida albicans were
used for antimicrobial assay of the fresh and stored coriander honey. It
was clear that fresh or stored crude coriander honey showed a higher
antibacterial activity if compared with n-hexane extract. It was
obvious that fresh coriander honey and its n- hexane extract were
effective against different examined pathogens. Staphylococcus
aureus was the most affected bacteria by both fresh and stored
coriander honey as well as their n-hexane extracts. The stored honey
extracted with n- hexane showed the highest antifungal activity
against Candida albicans. Comparaiive gas chromatography - mass
spectrometry (GC/MS) study of the fresh and stored Coriander honey
revealed that the storage produced a significant decrease in the
amounts of mono-, sesqui- and diterpens, fatty acid octyl esters,
antibacterial, antifungal activity and produced a significant increase in
the amounts of fatty acid ethyl esters. 1- hydroxylinalool,
benzenemethanol - 3,4- dimethoxy and oleic acid showed the highest
significant concentration. Few fatly acids, fatty acid esters and
alkanols, alkanals and alkanones are also present.

Honeys differ widely in aroma and taste, each region producing its own typical
vati¢tics. The composition of honey has been studied extensively, and most of
these studies have been directed towards the non-volatile components. A
comprehensive survey was published by Tan et al. (1988, 1989, 1990). In honey
there are two sorts of antimicrobial agents. One of them is heat and light
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sensitive (inhibine) and has its origin in the H>O5 produced by honey glucose
oxidase (White, 1963). The other consists of thermo-stable substances,
(Bogdanov, 1984; Tan er al, 1988, 1989, 1990; Russel, 1990;) . Studies of
extractable substances present in New Zealand honeys have revealed a range of
compounds that appear characteristic to the floral source (Tan ef al,, 1988, 1989,
1990) and with variable antimicrobial activities (Brady, 1997).The coriander
honey is one of the unifloral honeys present in Egypt , this directed the authors to
study the biological activity and chemical composition as well as the effect of
storage on its constituents and antimicrobial activity of both fresh and stored
honey.

Material and Methods

Honey sample

Coriander honey is a unifloral honey produced from the nectar of
Coriandrum sativum L., collected in April 1998 and 1995. This honey was
kindly collected by Prof. Dr. M. 5. Nour, Professor of Apiculture, Faculty of
Agriculture, Cairo University. He identified this honey by microscopic pollen
analysis (Mellisspalynology) method. The coriander honey was stored at room
temperature in a dark glass jars until used.

Bacterial and fungal strains

Staphylococcus aureus, Escherichia coli and Candida albicans were used .
These strains were isolated and identified in the section of Microbiology and
Immunology, Dept. of Parasitology and Animal Diseases, National Research
Center, Egypt.

Extraction

Two equal weight samples of Coriander honey were extracted according to
Graddon ef gl. (1979), where 50 g honey were thoroughly mixed with 25 mi
n-hexane and then decanted. This was repeated with seven further 25 ml
portions. Aliguots of solvent and the combined extract was concentrated by
evaporating the solvent under vacuum at 25°C. This led to an extract with a
strong overall honey-like aroma similar to that of the original sample .

GCIMS analysis
A finnigan MAT SSQ 7060 mass spectrometer coupled with a Varian 3400
gas chromatograph. DB-5 column , 30m x 0.32 mm (internal diameter) , was

employed with helium as carrier gas and the temperature was programmed from
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40 to 260°C at 5°C / min ( 3-min initial hold , 10-min final hold } . The mass
spectra were recorded in electron ionization (EI) mode at 70 eV, ion source and
temperature 150°C. The scan repetition rate was 0.5 s.

Identification of compounds

Peaks were identified by computer search of user-generated reference
libraries, incorporating mass spectra. Peaks were examined by single-ion
chromatographic reconstruction to confirm their homogeneity; mixed peaks were
resolved by computer program aimed at resolving the mass spectral data of one
compound from overlapping mass spectra of another.

Antibacterial assay

Two bacterial strains were used: Staphylococcus aureus and Escherichia coli.
The bacterial suspensicn was prepared and adjusted by comparison against 0.5
Mc-Farland turbidity standard (5x107 organisms / ml) tubes. It was further
diluted to obtain a final of 5 X 10° organisms / ml. Staphylococcus aureus was
enriched on polymyxin agar (Finegold & Sweeney, 1961) as a selective media
while Escherichia coli was enriched on MacConkey. Both bacteria were
subcultured on nutrient broth for further bacterial propagation (Cruickshank et al,
1979). The broth was inoculated by the 0.20 ul/10 mi broth either with
Staphylococeus aureus or Escherichia coli . Then added 20 % honey or their
extract. The tubes were incubated at 37°C for 24 hr. The growth of contro!
bacterial strains as well as inhibition of the bacterial growth due to honey were
measured by Spectrophotometeric assay as a turbidity at 420 nm wavelength.
The mean values of inhibition were calculated from triple reading in each test.
The minimal inhibitory concentration (MIC) of honey and its n-hexane extracts
were determined by ten-fold dilution method against bacterial strains in in-vitro
(Hegazi et al., 1996 a). Data were analyzed statistically wing student “T” test
according to senedcor (1961).

Antifungal assay

The antifungal activity of tested honey and its n-hexane extracts was carried
out against Candida albicans as described in British Pharmacopoeia (1968).
Sabouraud's glucose agar and broth inoculated by the spore suspension (0.20
ul/10 ml). Then added 20 % honey or its extract. The tubes were incubated at
28°C for 48hr. The growth as well as inhibition were measured by
Spectrophotometeric assay as a turbidity at 420 nm wave length .The mean value
of inhibition were calculated from triple reading in each test. Data were analyzed
statistically using student "T" test according to Senedcor (1961).
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Results and Discussion

The results of antimicrobial activity of the fresh and stored coriander honey
and their n-hexane extracts against Staphylococcus aureus, Escherichia coli and
Candida albicans are illustrated in {Table 1). It was clear that the crude coriander
honey (concentration 20% v/v) showed a higher antimicrobial activity than its
n-hexane extract. Furthermore, it was obvious that fresh coriander honey and its
n-hexane extract were effective against examined pathogens. Staphylococcus
aureus was the most affected bacteria by fresh or stored coriander honey as well
as their n-hexane extracts. These results revealed that there is a variation in the
antibacterial activity against all tested pathogens. The variation in the
antibacterial activity is attributed to the chemical composition, pH value, osmotic
pressure, inhibine concentration and enzymatic constituents of the honey. Also
the storage has an effect on some volatile or enzymatic constituents of honey.
Similar results were obtained by other authors (Molan, 1992, Meresta &
Meresta, 1983; Jeddar et al., 1985;Toth, 1986; Hegazi et al., 1996 b and Hegazi,
1997). This discrepancy in the results between different pathogenic bacteria may
be related to the hexane extract of coriander honey used, also they varied
according to the plant origin and the condition under which they are produced
(Mousa, 1997).

The minimal inhibitory concentration of examincd honey and its n-hexane
extracts against Staphylococcus aureus, Escherichia coli and Candida albicans
varied ac;:‘(':ofding to the type of the pathogenic microorganisms. The fresh honey
or its n-ilexanc extract was lower in its values if compared with the stored honey
or its extract (Table 2).

The antifungal activity depends on the aroma producing compounds of the
coriander honey which will act as antifungal. The volatile fraction showed a
marked inhibitory effect of fungal growth (Caccioni et al., 1995) as well as non
peroxide antimicrobial activity (Brady, 1997). It has been reported that terpene
hydrocarbones and sesquiterpenes showed antimicrobial activity against
Asprgillus niger, Asprgillus ochraceus, Penicillium, Rubrum aund P. spinulosum
(Kalodera et al., 1994). Toth(1986) suggested that there is a connection between
aromatic content of honey and beneficial effects of honey consumption in some
cases of diseases of upper respiratory tract (caused by Candida albicans,
Klebsiella pneumoniae and E. coli ).
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TABLE 1. Antibacterial and antifungal actlvity of Coriander honey and its different
extracts measured by optical density .

Organisms Normal Honey n-Hexane extract
growth Fresh Stored Fresh Stored

Staphylococcus 0.740% 0.005+ 0.018¢ 0.007¢ 0.021%
aureus 0.0064 0.0004 0.0008 0.0002 0.0002

Escherichia coli 0.907% 0.534+ 0.652¢ 0.321% 0.486+
0.0036 0.0004 0.0006 0.0005 0.0014

Candida albicans | 0.970% 0.407% 0.601+ 0.407+ 0.301%
0.0013 0.0021 0.0012 0.0071 0.0064

TABLE 2. The minimal inhibitory concentration (MIC) of coriander honey and n-
hexane extracts measured by inhibition zones (diameter) .

Tested materials Staphylococcus | Escherichia; Candida
aureus col albicans
Tetracycline (50ug) +++44 ! +++ 0
Cefotaxime (50 ug) +H++ +i+ 0
Mecillinam {25 ug) +H++ 0 0
Gentamicine (10 ug) ++++ ++ 0
Ketaconazole (50 ug) 0 0 ++
Clotrimazole (50 ug) 0 0 ++
Nystatin (100 ug) 0 0 +
Fresh Coriander honey 20% 44+ ++++ ++++
Stored Corniander honey 20% 4+ +++ +++
n- hexane extract of Fresh +++ +++ T4+
.| Coriander honey 20%
n- hexane extract of Stored ++ ++ ++
Cariander honey 20%
MIC (ug/ml) Fresh Coriander 10 22 16
honey 20%
MIC (ug/ml) stored Coriander 15 27 20
honey 20% !
MIC (ug/ml} n- hexane extract of 21 ' 40 40
Fresh Coriander honey 20%
MIC (ug/ml) stored Cariander ; 25 45 34
honey 20% ! :
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The results of GC/MS analysis of fresh and stored n-hexane extracts of
coriander honey are summarized in Table (3); which represents different groups
of compounds.

Hydroxylinalool represented the dominant compound in coriander honey,
even in the fresh or the stored sample. Linaloo] oxide-cis (furan) or (pyran) was
found in both samples and in a significant amount in the fresh one, while linalool
oxide-trans (furan) was found only in the fresh sample. Coriander honey was
also characterized by the presence of many oxygenated monoterpenes like,
terpineol isomers, hydroxycineole isomers, octadienol and octadiendiol isomers
in high concentration (Table 3). 2-H-pyran-2-one-5,6-dihydro-6-pentyl-(R) was
the dominant pyran derivative in the two samples. There were 26 sesquiterpenes
and diterpenes tentatively identified from the similarity of most of their fragment
ions with that of authentic spectra as well as their retention times. Most of these
compounds were present as traces and mainly in the fresh sample.

The hydrocarbons typically consisted of alkanes and alkenes. The alkanes
ranged from CB - C36 ( 22 compounds), tricosane, pentacosane, noancosane and
hexadecane were the dominant ones respectively. The alkenes ranged from
C12:1 - C36:1 { 20 compounds), hexatriacontene was present in a significant
amount, while the other alkenes presented in minor amounts. The hydrocarbons
presented in higher numbers and amounts in the fresh sample. '

Hexanol was the only alcohol identified in the two samples, all the remaining
alkanol appeared in the fresh sample . '

It is clear that most of the alkanbls,' alkanals and alkanones appeared in the
fresh sample.

The fatty acids ethyl esters were mainly present in the stored honey, cthyl
oleate was dominant in the stored honey, while it was absent in the fresh sample.

Benzenemethanol-4-methoxy,  benzenemethanol-3,4-dimethoxy, Benzene
methanol-3,5-dimethoxy,benzenemethanol-3,4,5-trimethoxy,benzenepropanol -
4 - methoxy, benzaldechyde-4-methoxy and benzaldehyde-3,4-dimethoxy were
characteristic for both samples. Benzenemethanol-3,4-dimethoxy was the
dominant aromatic alcohol in coriander honey.

The GC/MS study of the n-hexane extract of the fresh and stored coriander
honey revealed that these extracts are very complicated mixtures, containing
various classes of compounds.
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TABLE 3 . Compound identified by GC/MS analyses in Coriander Honey n-
hexane extract.

Compound TIC % *
Stored Fresh
Monoterpenes, sesquiterpenes
Cyclohexene,4-methyl-1-(1-methyl ethyl) R 0.02
Linajool oxide I (pyran) tr. 0.01
Linalool oxide-cis (furan) 0.02 0.07
Linalool oxide-trans (furan) == 0.02
1,6-Octadien-3-0l-3,7-dimethyl,{.+ / -} R 0.09
_B-Terpineol (E) 0.01 0.17
B-Terpineol (Z) 0.02 0.26
4-Terpineol 0.02 0.10
2-H-Pyran-3-0l-6-ethenyl tetrahydro-2,2,6-  trimethyl 0.02 0.05
2-H-Pyran-3-ol-6-ethenyl tetrahydro-2,2,6-trimethyl .18 0.44
(isomer)
5-Hepten-3-one-2-(5-ethenyl tetrahydro-5-methyi-2- 0.02 | -
furanyt)-6-methyl *
5-Hepten-3-one-2-(5-ethenyl tetrahydro-5-methyl- 2- 0.02 ——
faranyl)-6-methyl (isomer) *
3-Cyclohexene-1-acetaldehyde,a-4-dimethyl - 0.02
cis-Hydroxy-1 4 —ineole [ 0.11
cis-Hydroxy-1,8 —cineole 0.01 0.13
trans-Hydroxy-1,4 —cineole © 0.16 1.24
trans-Hydroxy-1,8 —cineole © .35 2.47
1,9-Octadecadien-1-methoy * 0.46 0.77
2,7-Octadiene, 1,6-diol, 2, 6-dirnethyl (Z) 0.15 0.84
1-Hydroxylinalool 1.20 8.62
7-Oxabicycld [4.1.0.]heptane, 1-methyl-4-(2- methy! | —— 0.02
oxiranyl) *
2,7-Octadiene, | ,6-diol,2,6-dimethyl (E) | comeen 0.07
2-H-Pyran-2ione, 5,6-dihvdro-6-pentyl- (R) 0.16 1.94
4-Oxo-f-isodamascol 0.01 0.45
2-Cyclohexenet-one-4-hydroxy-3,5,6-trimethyl-4- (3- T 0.01 0.25
oxo-1-butenyl)
Thunberget | e 0.00 i
Ketons, Aldehyds and alcahols
3-Hexanone 0.03 0.24
2-Hexanone 0.05 037 |
3-Pentanol-2-methyl 0.02 | e
2-Hexanel 0.03 0.22
1-Propanol-2-ethoxy | e 0.16
2-Pentanone,4-hydroxy-4-methyi - 0.15
Pentanal 2,2 -dimethyl * [£X 1 I [—
Ethanone, 1-(3-ethyl-oxiranyl) * 014 | -
Ethanone, i -(3-ethyl-oxiranyl) isomer * 0.13 e
| 3-Hexene-2,5-diol * 0.01 o
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TABLE 3. Cont.
1-methyl-cycloheptanoi * —em 0.05
6-Hepten-2-ol-4-methylene* ) e 0.14
5-Hepten-2-one-6-methyl 1 e 0.06
2-Isoronemat | e 0.01
Nonanai veen 0.06
Tetradecanot | e 0.14
Hexadecamal e[ s
Hexadecanol I 0.09
Heptadecanoi e 0.27
Cyclobutanone,2-(2,6-dimethyl pentadecy) 0.01 0.01
Cyclobutanone,2-(2,6-dimethyl hexadecy)® | o 0.06
Hexacosanol e 0.06
Cyclobuanone,2-(2,6-dimethy! heptadecyl) ” -omn 0.03
Heptacosenol — 021
Fatty acids
Hexadecanoic acid | 013 1.87
 Oleic acid 019 623
COctadecanoic acid _ 1 = 0.52
Methyl ester
2 4-Dimethyl tetradecanoic acid methyl ester .01 R
Hexadecanoic acid methylester | weue .03
Ethvl ester ]
Tetradecanoic acid ethy] ester j 0.13 0.13
Hexadecanoic acid ethyl ester 0.31 0.32
Linoleic acid ethy] ester 004 0 e
Ethyl oleate 1.32 e
Hepiadecanoic acid -15-methyl ethyl ester 0.04 e
Eicosanoic acid ethyl ester 0.01 0.01
Lignoceric acid ethyl ester 003 ] -
Octyl ester
Tetradecanoic acid octyl ester i 003 1.52
Hexadecanoic acid octyl ester 0.08 2.28
Octadecenoic acid octyl ester 0.04 0.90
Eicosanoic acid octylester | aees 0.21
Docosanoic acid octyl ester | —— 0.27
Aromatic and nitregen compounds
Pyrazine,? 6-dimethyl 0.02 0.02
Trimethylpyrazine 0.05 0.50
11,1 -Biphenyl ]-3-amine 0.01 | e
Phenol-3-methyl 0.01 0.04
Phenol-2,6-dimethoxy-4-(2-propenyl) 003 | e
Phenol-4-(1,1,3,3 tetramethylbutyl) e 0.06
Phenyi ethyl alcohol 0.03 0.04
Benzaldehyde-4-methoxy 0.07 0.02
Benzaldehyde-3,4-dimethoxy 0.37 0.85
Bezenemethangl-4-methoxy 0.12 032
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TABLE 3, Cont .
Benzenemethanol,3,4-dimethoxy 0.91 7.40
Benzenemethanol,3,5-dimethoxy 0.01 0.12
Benzenemethanol,3,4,5-trimethoxy 0.25 1.38
Benzenepropanol-4-methoxy 0.07 0.04
3,4,5-Trimethoxy-benzylmethyl ether 0.30 1.90
Vanilline 0.02 0.01
Butylated hydroxy toluene 0.05 0.03
Bis(2-ethylhexyl) phthalate 441 e
Cyclohexane carboxylic acid,]-phenylmethylester | -eeee 0.37
1,2-Benzene dicarboxylic acid di-isooctyi ester 0.01 1.26

8 Compound was identified from the similarity of its mass spectrum with the library, we
do not aware of its retention time .
These compound were identified by similarity of most of their spectra fragment ions
with that of authentic spectra and also from the retention times.

€ Tentatively identified from mass spectra and retention times (new compounds). Ir :
traces < (.01,

The monoterpenes, sesquiterpenes and diterpenes represented a  high
concentration (20.33%) in the extracted fresh honey, while it was very low in
the stored extracted one (2.93%).

In this study 1-hydroxylinalool was the main component in coriander honey
and was reported for the first time in honey. Linalool oxide was found in cis -
(furan) and (pyran) and trans (furan) only. Linalool oxide was reported before in
Australian and Piedmont (ltaly) honeys (Graddon et al,1979; Bicchi er
al.,1983). In coriander fruit carbon dioxide extract, oxygenated monoterpenes
were found to comprise 80% of it, linalool was the main compound, this is
beside the presence of cis-linalool oxide (Kerrola & Kallio,1993). 3,7 -
octadiene-2,6-diol-2,6-dimethyl was identified in leather wood honey (Rowland
et al.,1995) while in the present study 2,7-octadiene-1,6-diol-2,6-dimethyl (Z)
and (E) isomer were detected for the first time in honey. Terpinen - 4-ol and a-
terpineol were detected in coriander fruit (Kerrola & Kallio, 1993} and trans-a-
dihydroterpineol in Sidr honey ( Abd El-Hady er al. 1998). In this study B-
terpineol (E), B- terpineol(Z) and 4-terpineol were identified. 1,8-cineole was
reported in Piedmont honeys (Bicchi er al, 1983) and in coriander seeds
(Boselah, 1995), while in this work hydroxycineole isomers were tentatively
identified. Some furan derivatives were identified in different Belgium unifloral
honeys (Bouseta ef al., 1992) and Russian coriander, lime and sunflower honeys.
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Some furan and pyran derivatives were identified in the present study. None of
the above mentioned terpenes were reported in the examination of Russian
coriander honey (Artem'ev and Chepurnoi, 1984).

In Russian coriander, lime and sunflower honeys 3-hexen-i-ol, undecanol,
n-octanol were identified (Artem'ev and Chepurnoi, 1984), while hexanal,
heptanal and diketones identified in lavander and eucalyptus honeys (Bouseta et al,
1992). Alkenals in the C9-C16 range, C7-C17 alkanals, C10-C12 primary
alkenols alkanols and nonane were detected in coriander leaf (Potter & Fagerson,
1990). In the present study some different alkanol, alkenol, alkanal, alkanone and
alkenone were identified.

In contrast to Sidr honey, white clover, manuka & kanuka honeys and thyme
& willow honeys, where free fatty acids represented the majority of the n-hexane
or ether extracts {(Abd El-Hady et al. 1998 ; Tan er al,, 1988, 1989, 1990), only 3
free fatty acids were identificd in the present study for coriander honey.

It was noticed that the fatty acid ethyl esters had significant amounts and
numbers of esters increased in the stored coriander honey if compared to the
fresh sample. This could be explained by the increased rate of acid catalyzed
esterification of these acids with ethanol, which had probably arisen from the
fermentation of glucose and fructose by yeast celis in the stored honey sample
(Tan et al,, 1988). This could be confirmed in the present work , where oleic
acid had significant amounts in the fresh sample than that of the stored one
(6.25% , O..lg'%), while ethyl oleate showed a significant amount in the stored
sample (1_.32%) and it was absent in the fresh éample.

Cinnamaldehyde and cinnamy! alcohol were identified in Russian coriander, -
lime and sunflower honeys {Artemy’ev and Chepurnoi, 1984} 2- methoxyacetophenone,
benzaldehyde, benzyl alcohol, methoxybenzadehyde, trimethyl-phenol and
phenylacetaldehyde were identified in some unifloral honeys (Tan et al,
1988,1989,1990). o-Methoxybenzyl alcohol, p-methoxybenzyl alcohol and o -
hydroxyacetophenone were identified in unifloral Australian honcys (Graddon et al,,
1979). The present study of coriander honey revealed the presence of another
benzenemethano! and benzaldehyde derivatives.

Acknowledgement : The authors are grateful for the financial support by the
National Research Center of Egypt {Contract 1/1/2/3/1).

Egypr. J. Vet. Sci. Vol. 36 (2002)



INFLUENCE OF STORAGE ON CHEMICAL COMPOSITION ... 27

References

Abd E! Hady, F.K., E! Ansari, M.A,, Fayrouz, AM., Hegazi, A.G.and Saleh,
N.A.M. (1998) Chemical composition and anlibacterial activity of Sidr Honey. 8.
INTERNATIONAL SYMPOSIUM ON APITHERAPY Portoroz, September 17-19,
1998 Apimondia - Ljubljana, Slovenija .

Artem'ev, B.V. and Chepurnoi, L. P. (1984) Gas Chromatography-mass spectrometry
identification of volatiles in some honeys, and some possibilities of differentiation of
honeys. fzvestiya - Vysshiikh - Uchebnykh - Zavedensi,- Pishciievaya - Tekhnologiva.
5,115.

Bicchi, C., Belliarde, F. and Frattini, C., (1983) Identification of the volatile
compenents of some Piedmontese honeys. J. Apic. Res. 22 (2}, 130.

Bogdanaov, 8. (1989) Characterization of antibacterial substances in honey. Lebensmittel-
Wissenschft and Technologie, 17 (2) , 74.

Boselah , N. A. E. (1995) effect of different levels of salinity on the growth yield and
volatile oils constituents of coriander (Coriandrum  sativurn L.) plant. Annals. Of
Agricultural Science, Moshiohor, 33 (1) 345 .

Bouseta, A,, Collin, 8. and Dufour, J.P. (1992) Characieristic aroma profiles of
Unifloral horeys obtained with a dynamic head space GC/MS system J. Apic. Res. 31
(2),96.

Brady, N. (1997) Report on the research project: finding New Zealand honey with
outstanding antibacterial and antifungal activity. New Zealand Beekeeper 4 (10}, 20.

British Pharmacopoeia, Biological assay of antibiotics (1968) PP. 1313-1317. The
Pharmaceutical press, London.

Caccioni, D.R.L., Tonini, G. and Guizzardi, M. (1995) Antifungal activity of stone
fruit aroma compounds against Monilinia iaxa (Aderh. et Ruhl.) Honey and Rhizopus
stolonifer (Ehrenb.) : Invivo trias. Zeitschrift fur Pflanzenkrankheiten und
Pflazenschutz. 102 (5) ,518.

Cruickshank, R., Duguid, J.P.,Masion,B.P. and Swain, R.H. (1979) Medical
Microbiology. 12”’ Churchill Livingstone, Edinbourgh, London and New York.

Finegeld, S. M. and Sweeny, E. E. (1961) New selective and differential medium for
coagulase positive staphylococci  aliowing rapid growlh and strain differnation. J.
Bacteriol. 81, 636.

Egypr. J. Ver. Sci. Vol 36 (2002)



28 A .G. HEGAZI eral.

Graddon, D., Maorrison, J. . and Smith, J. F. (1979) Volatile Constituents of some
unifloral Australian honeys. J. Agric. Food Chem. 27 (4) , 832.

Hegazi, A.G. (1997) Propolis an over view. International symposium on Apitherapy,
Cairo 8-9th March

Hegazi, A.G., Hazzaa, M. and Ali, E.A.T. (1996 a} Influence of propolis on normal and
infected rats with correlation to serum glucose and liver glycogen . J. Union Arab
Biol. 3(13),77.

Hegazi, A.G., Hazzaa, M. and Abd El-Aziz, A. (1996 b) Antifungal activity of Egyptian
propolis. J. Union Arab Biol., 3 (B) 67.

Jeddar, A., Kharsany, A., Rmmsaroop, U.G. and Moosa, A. (1985} The antibacterial
activity of honey. An in-vitro study. South African Medical J. 67, 257.

Kalodera, Z., Pepeljnjak, S., Vladimir, 5i and Blazevic, N. (1994) Antinicrobial
activity of essential oil from Micromera thymifolia (Scop.) Fritsch. Pharmazie 49
(5), 376.

Kerrola, K. and Kallio, H. (1993) Volatile compounds and odor Characteristics of
carbon dioxide extracts of coriander (Corfandrum sativam L.} fruit. J. Agric .Food
Chem. 41, 785.

Meresta, L. and Meresta, T. (1983) Research on in-vitro antibacterial activity of
propolis extract. Bull, Vet.fnst. in Pulawy 25 (1-4), 12,

Molan, P. (1992) The antibacterial activity of honey. 1. The nature of antibacterial
activity. 2. Variation in the potency of the antibacterial activity. Bee World 73 (1), 5, 73
(2),59.

Mousa, S.M. (1997) Antimicrobial effect of Egyptian types of honey against different
microbial species. M.Sc. Thesis, Ein Shams University, Egypt.

Potter, T.L. and Fagerson,LS. (1990) Composition of coriander leaf volatiles. J. Agric.
Food Chem. 38 , 2054.

Rowland,C.Y., Blackman, A.J., D'-Arcy,B.R. and Rintoul, G.B. (1995)Food
Comparison of organic extractives found in leatherwood (Euceryphia lucida) honey
and leatherwood flowers and leaves. J. Agric. Food Chem. 43, 753.

Russell, K.M., Molan , P.C., Wilkins, A.L. and Holiand, P.T. (1990) ldentification of some
antibacterial constituents of New Zealand manuka honey. J. Agric.Food Chem. 38 (1) ,10.

Egypt. J. Vet. Sci. Vol. 36 (2002)



INFLUENCE OF STORAGE ON CHEMICAL COMPOSITION ... 29

Snedecor, G.W. (1961) Statistical Methods. 5t 4. lowa State University Press, lowa,
USA.

Tan, §.T,, Holland, P. T,, Wilkins, A. L. and Molan, P. C. (1988) Extractives from
New Zealand honeys. 1. White clover, Manuka and Kanuka honeys. J. Agric. Food
Chem. 36, 453.

Tan, 8.T., Wilkins, A.L., Holiand, P.T. and McGhie,T.K. (1989) Extractives from New
Zealand unifloral honeys. 2. Degraded carotenoids and other substances from Heather
Honey. J. Agric. Food Chem. 37, 1217.

Tan, 8.T., Wilkins, A.L., Holland, P.T. and McGhie,T.K. (1990) Extractives from New
Zealand honeys. 3. Unifloral Thyme and Willow honey constituents. J. Agric. Food
Chem. 38, 1833.

Toth, G. (1986) The characteristics of honey composition, its micrebiological evaluation
and its importance in pharmacy. Doctoral Dissertation, Semmelweis Medical
University, Hungary 120 pp.

White, J.W., Suber, M. H. and Schepartz, A. L. (1963) The Identification of Inhibine,

the antibacterial factor in honey, as hydrogen peroxide and its origin a honey
glucose-oxidase system. Biochim. Biophys. Acta 73, 57.

(Received 25 /3 / 2001;
accepled 16/ 1/ 2002)

Egypt. J. Vet Sci. Vol. 36 (2002)



30 A .G. HEGAZI ef al.

5o LSSy Ploasl S il o o jiid] sy
5 pnSIl el Sy Aall a5l

el scatt - gLl aia Jla (50 - g jlas phas sas]
QLo sl s oo — 2 gaoa alll 2ua g pad - g Ll

- i pp Wl - gad) gl S

l.\l—ﬂ.“ lsLlS-”J ‘J-th.-hle l—HS‘HJi '_'J& U.l)“-” _)-HL L
LJJ M”h“‘.ﬂlﬁ}fﬂﬂlu)#bﬁﬂl
U}‘&’J""JU)Ai Atwubjwlémi‘sW|

uUSAJU).*|ﬂ_,u,.-£|4f_$J|J...gUlLMI,,.J.AJJ

Sl el | Galiii e 93 L I3} ddle ol y Sl s3bana

lfLuLJMIAlUKwAJIJQH‘dlu}M! ’iLﬁS

M.WWQW|M1§30)31#,Q}$|3PQIM

,AJ:LA.AHU&J&JQ#*MQWIUM‘JI

P SRTRIN 4

Al caade g Ll Lal pa gilay, oS0 o Lall il adl o it

ioledl oliow all Lal 3 jadlis g o R by 31 Jumal]
i LS ¢ o b et ol dacidl g by Sald dslall
ol U LN il Loa 5 i gy irly oo i)
£y V- J o lamaso ooty v limdnn y ool ) sl

Egypr. J. Vet. Sci. Vol. 36 (2002)





