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ABSTRACT
This study was carried out at the Ornamental Hort. Dept., Fac. Agric., Cairo
Univ. and the National Center for Radiation Res. and Tech., Nasr City, Cairo, Egypt and
the Central Laboratory, Hort. Res. Inst., A.R.C., Giza, Egypt from 2008/2010 seasons.
The aim of this study was to investigate the effect of different doses of gamma irradiation
(0, 5, 10 and 15 KGy) and different storage periods (0, 3 and 6 months) in different
package materials (cotton or polyethylene bags) on essential oil quality and chemical
composition of cumin (Cuminum cyminum) fruits. On the other hand antimicrobial
activity of treated cumin fruits essential oil and its extracts at 0, 5000, 10000, 20000 and
40000 ppm were investigated. Results showed that the highest essential oil% was
obtained from fruits stored for 3 months in cotton bag without gamma irradiation.
Concerning the effect of essential oil as antimicrobial agent, the highest antibacterial
activity was obtained by essential oil isolated from irradiated polyethylene packed fruits
at 5 KGy then stored for 3 months (Staphylococcus aureus) or irradiated polyethylene
packed ones at 15 KGy without storage (Salmonella typhimurium). On the other hand, the
highest antifungal activity against Asperigillus niger and Penicillium digitatum was
obtained by essential oil isolated from unirradiated packed in polyethylene fruits then
stored for 6 months. Non-stored packed in cotton bag fruits irradiated with gamma rays at
10 KGy produced essential oil with highest antiyeastal activity. Cumin fruits extract at
40000 ppm when combined with different treatments presented the highest antimicrobial
activity (represents as inhibition zone) against all studied microbes except with P.
digitatum. Cumin extract at 40000 ppm when extracted from irradiated packed fruits in
polyethylene bags with gamma rays at 5 KGy without storage or with 6 months storage or
irradiated at 15 KGy of packed fruits in cotton bag with storage for 3 months presented
the highest significant inhibition zones against S. aureus. The same concentration of
extracted cumin from uniradiated packed in cotton bag fruits and storage for 6 months
presented the highest inhibition zone of S. typhimurium. Also, with the same
concentration, extracted cumin from irradiated at 10 KGy of packed in cotton bag fruits
without storage or in polyethylene and stored for 3 months presented the highest
inhibition zones of A. niger. Cumin extract at 5000 ppm when extracted from irradiation
at 10 KGy of packed in cotton bag fruits and stored for 3 months presented the highest
values of P. digitatum. On the other hand, the superior concentration of cumin extract
(40000 ppm) presented the highest antiyeastal effect when extracted from irradiated
packed in polyethylene fruits at 10 KGy and stored for 6 months.
Key words: Cumin fruits, Cuminum cyminum, Irradiation, storage periods, package
materials, cotton, polyethylene, antimicrobial, essential oil.
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INTRODUCTION
The traditional use of plants as medicines provide the basis for
indicating which essential oils and plant oils may be useful for specific
medical conditions. Historically, many plant oils and extracts, such as,
myrrh and clove, have been used as topical antiseptics, or have been
reported to have antimicrobial properties (Hoffman, 1987 and Lawless,
1995). It is important to investigate scientifically those plants which
have been used in traditional medicines as potential sources of novel
antimicrobial compounds (Mitscher et al., 1987). Also, the resurgence
of interest in natural therapies and increasing consumer demand for
effective, safe, natural products means that quantitative data on plant
oils and extracts are required. Spices have been traditionally used since
ancient time for the preservation of food product as they have been
reported to have antiseptic and disinfectant properties (Murray, 2000).
Cumin (Cuminum cyminum L.) is an annual plant belongs to
family Apiaceae. It is generally used as a food additive and a popular
spice regularly used as a flavoring agent. The fruits (often called seed)
are rich in essential oil which constituents cumin aldehyde (19.9–
23.6%), p-mentha-1-dien-7-al (11.4-17.5 %) and p-mentha-1-dien-7-al
(13.9-16.9) at different harvesting dates (Yüksel et al., 2007). The main
component of Cuminum cyminum oil was p-mentha-1, 4-dien 7-al,
cumin aldehyde, gamma-terpine, and beta-pinene (Tacobellus et al.,
2005). In traditional medicine, C. cyminum is commonly used to treat
jaundice, dyspepsia and diarrhea, while seeds reported to have
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stomachic, diuretic, carminative, stimulant, astringent and abortifecient
properties.
Researchers were interested in biological active compounds
isolated from plant species for the elimination of pathogenic
microorganisms as some microorganisms have built resistance against
antibiotics (Essawi and Srour, 2000). Cumin fruits and/or callus
extracts and essential oils were investigated for antibacterial,
antifungal, antiviral and antitumor activities. The extracts inhibited
bacteria (particularly Staphylococcus aureus) and fungi (Fusarium
moniliforme) as well as polio and Coxsackie viruses (Jain et al., 1992).
El Kady (1993) and Fakoor and Rasooli (2008) reported antimicrobial
activity of essential oil from Cuminum cyminum against both bacteria
and fungi.
Irradiation is a proven technology which has been endorsed by
notable international health and food authorities. As a process it has the
capacity to elimeinate insect pests and microbial pathogens from fresh
fruits and vegetables. It also delays ripening and senescence thereby
extending the shelf life of fresh fruits and vegetables without adverse
effect on the quality (Adu-Gyamfi, 2008).
Many research were conducted to study the effect of gamma
irradiation on microbial load, chemical and sensory characteristics of
aromatic fruits and their essential oil, Kaminski et al. (1991); ElGeddawy and Rashwan (1993); Salehi Surmaghi et al. (2007), while
rare or no studies were conducted to investigate the antimicrobial
activity of oil extracted from irradiated cumin fruits.
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Extracts prepared from cumin fruits show a great influence on
different microbial pathogens as shown by many authors. Dobreva et
al. (2009) observed a highly antimicrobial active against Gram positive
and negative bacteria of ethanolic extracts of cumin. Ertürk (2010)
showed that cumin fruits ethanolic extract show a great antimicrobial
activety againest Staphylococcus aureus and Aspergillus niger. Sheikh
et al. (2010) investigated that cumin fruits extract could be used as a
source of new antibacterial agent for developing drugs to inhibit some
human pathogenic bacteria. Keskin and Toroglu (2011) studied the
antimicrobial activities of the ethyl acetate, acetone and methanol
extract of some plant species containing Cuminum cyminum (cumin)
against

Bacillus

megaterium,

Pseudomonas

aeroginosa

and

Staphylococcus aureus. The results indicated that cumin presented
inhibition zone at 7-15 mm/30 µl.
Storage play an important role in the increase or reduce the
quality of stored materials. The differences in essential oil of coriander
occurred during storage might be due to the oxidation and resinfication
of a great portion of hydrocarbons which became non-volatile Awad
(1977).
The aim of this study was to investigate the effect of different
doses of gamma irradiation (0, 5, 10 and 15 KGy) and different storage
periods (0, 3 and 6 months) in different package materials (cotton cloth
or polyethylene bags) on essential oil quality and chemical composition
of cumin (Cuminum cyminum) fruits. On the other hand, antimicrobial
activity of treated cumin fruits essential oil and its extract at 0, 5000,
10000, 20000 and 40000 ppm were investigated.
3

REVIEW OF LITERATURE
1. Cumin (Cuminum cyminum, L.) characteristics
a. Essential oil percentage and constituents
Baser et al. (1992) analysed Turkish cumin (Cuminum cyminum)
seed oil by a combination of GC and GC/MS. The major compounds in
the oil were Cuminaldehyde (19.25-27.02%), p-mentha-1,3-dien-7-al
(4.29-12.26%), p-mentha-1,4-dien-7-al (24.48-44.91%), γ-terpinene
(7.06-14.10%), p-cymene (4.61-12.01%) and β-pinene (2.98-8.90%).
Beis et al. (2000) found that the major components of Cuminum
cyminum essential oil in seeds were cumin aldehyde (27.60%), γterpinene

(17.25%),

p-mentha-1,3-dien-7-al

(15.18%),

β-pinene

(10.22%) and p-mentha-1,4-dien-7-al (9.48%).
Li and Jiang (2004) reported that the essential oil of the seeds of
Cuminum cyminum L. was isolated by hydrodistillation in a yield of
3.8%. The chemical composition of the essential oil was examined by
GC and GC-MS; 37 components, representing 97.97% of the oil, were
identified. Cuminal (36.31%), cuminic alcohol (16.92%), γ-terpinene
(11.14%), safranal (10.87%), p-cymene (9.85%) and β-pinene (7.75%)
were the major components.
Leopold et al. (2005) analyzed the essential oil of seeds of
cumin (Cuminum cyminum L.) by physicochemical methods, GC, GCMS and olfactometry and its antimicrobial activity tested using
different strains of microorganisms. More than sixty constituents of this
cumin oil could be identified as essential volatiles, responsible for the
pleasant fresh, clean, spicy (typical cumin-like) odour of a high quality
4

product. Cumin aldehyde (36%), [beta]-pinene (19.3%), p-cymene
(18.4%) and [gamma]-terpinene (15.3%) were the principal compounds
found.
Fakoor and Rasooli (2008) reported that Cuminum cyminum was
hydrodistilled and the essential oils obtained thereof was characterized
by means of GC and GC-MS. alpha -pinene (29.1), 1,8-cineole (17.9%)
and linalool (10.4%) as the major compounds of C. cyminum.
El-Manylawi and Ali (2009) investigated the chemical
composition

of

cumin

seeds

essential

oil

by

using

Gas

Chromatography-Mass Spectroscopy (GC-MS). GC-MS data indicated
that 28 constituents were identified, representing (91.37%) of the total
amount of essential oil.
El-Ghorab et al. (2010) evaluate the chemical composition and
antioxidant activity of cumin (Cuminum cyminum). The highest yield
for volatile oil was obtained by the cumin sample, which was
2.52±0.11%, the major components in cumin volatile oil were cuminal,
γ-terpinene and pinocarveol.
Hajlaoui et al. (2010) characterized the essential oil extracted by
hydrodistillation from Tunisian variety of Cuminum cyminum by means
of GC and GC-MS. Twenty-one components were identified and C.
cyminum contained cuminlaldehyde (39.48%), gamma-terpinene
(15.21%), O-cymene (11.82%), beta-pinene (11.13%), 2-caren-10-al
(7.93%), trans-carveol (4.49%) and myrtenal (3.5%) as a major
components.
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Oroojalian et al. (2010) showed that the main components of
essential oils of Cuminum cyminum were cuminaldehyde (30.2%), ρcymene (14.1%), γ-terpinene (12.8%), and safranal (9.4%).
Wanner et al. (2010) analyzed cumin oil samples (Cuminum
cyminum, L.) from four different geographical origins using GC-MS
and GC-FID for their qualitative and quantitative composition. The
major compounds in all cumin oils were the monoterpenes beta pinene, p-cymene and gamma -terpinene and the terpenoid aldehydes
cuminic aldehyde and the isomeric menthadien carboxaldehydes.
Martinez et al. (2011) reported that the most common
compounds detected by gas chromatography-mass spectrometry for
Cuminum cyminum were cuminaldehyde (22.03%), γ-terpinene
(15.69%) and 2-caren-10-al (12.89%).
Pajohi et al. (2011) mentioned that gas chromatography mass
spectrometry analysis indicated that cumin aldehyde (29.02%) and αterpinen-7-al (20.70%) constituted the highest amount of the essential
oil of Cuminum cyminum L. seed.
b. Antimicrobial activity of cumin and other aromatic plants
essential oil
Farag et al. (1989) tested steam distilled essential oil from sage
leaves, rosemary leaves, caraway fruits, cumin fruits, clove flower
buds, and thyme leaves, and their basic constituents, for their inhibitory
effect against 3 Gram-negative bacteria (Pseudomonas fluorescens,
Escherichia coli, and Serratia marcescens), 4 Gram-positive bacteria
(Staphylococcus aureus, Micrococcus spp., Sarcina spp., and Bacillus
subtilis), an acid fast bacterium (Mycobacterium phlei), and one yeast
6

(Saccharomyces cerevisiae). They found that thyme and cumin oils
possessed stronger antimicrobial activity than the other oils. A
relationship between the chemical structures of the most abundant
compounds in the oils and their antimicrobial activities was found.
Dwivedi and Dubey (1993) found that the essential oils from
seeds of Trachyspermum ammi, Cuminum cyminum, Carum carvi,
Daucus carota and of leaves of Anethum graveolens exhibited
antifungal activity against Aspergillus flavus.
Stefanini et al. (2003) obtained essential oils from fennel seeds,
dill, cumin and coriander. Their antimicrobial activity was tested on
isolated clinical specimens of patients treated. The cumin essential oil
was effective against E. coli, Pseudomonas aeruginosa and Salmonella
sp. and their inhibitory zones were 18, 10 and 23 mm, respectively.
Leopold et al. (2005) analyzed the essential oil of cumin
(Cuminum cyminum L.) seeds by physicochemical methods, GC, GCMS and olfactometry and its antimicrobial activity tested using
different strains of microorganisms. Antimicrobial testing showed high
activity of the essential C. cyminum oil against the mold Aspergillus
niger, the Gram (+) bacteria Bacillus subtilis and Staphylococcus
epidermidis as well as the yeast (Saccharomyces cerevisiae) and
Candida albicans.
Fakoor and Rasooli (2008) stated that Cuminum cyminum fruits
was hydrodistilled and the essential oils obtained was characterized by
means of GC and GC-MS. C. cyminum oil exhibited strong
antimicrobial activity against E. coli, S. aureus and L. monocytogenes.
Complete death time on exposure to C. cyminum oil was 20, 180 and
7

90 min for E. coli, S. aureus and L. monocytogenes, respectively. C.
cyminum essential oil may be considered as potent agents in food
preservation.
Hadian et al. (2008) reported that the essential oils from Mentha
piperita, Lavandula angustifolia, Foeniculum vulgare and Cuminum
cyminum were characterized and tested against three common
postharvest fungi rot in strawberry fruits. The in vitro experiment of
four essential oils exhibited antifungal activity against Botrytis cinerea,
Rhizopus stolonifer and Aspergillus niger. The incorporation of 750
µl/1 from C. cyminum oils to PDA medium was more active than others
and completely inhibit growth of B. cinerea, R. stolonifer and A. niger.
The present study suggests that the use of essential oil especially M.
piperita may be a useful alternative to the use of synthetic fungicides.
Hu et al. (2008) studied the fungicidal activities of p-isopropyl
benzaldehyde and p-isopropyl benzoic acid extracted from Cuminum
cyminum against Alternaria solani, Verticillium dahliae, Rhizoctonia
cerealis, Alternaria alternata, Gaeumannomyces graminis, Sclerotinia
sclerotiorum,

Phytophthora

capsici,

Thanatephorus

cucumeris,

Blumeria graminis [Erysiphe graminis] and Botrytis cinerea were
systemically studied. The bioassay results showed that both compounds
had fungicidal activities in vivo and in vitro. P-isopropyl benzaldehyde
and p-isopropyl benzoic acid had better inhibition effects against
Sclerotinia sclerotiorum, and the EC50 were 2.1 and 7.3 mg/litre,
respectively. Under the concentration of 1000 mg/litre, the protective
effects of p-isopropyl benzaldehyde and p-isopropyl benzoic acid
treatments were higher than 50% against Blumeria graminis. Under the
8

same concentration, the control effect of p-isopropyl benzoic acid
treatment were 57.52% against Sclerotinia sclerotiorum, which was at
the same level of sumilex treatment.
Manuel et al. (2008) determine the effectiveness of the
essentials oils from oregano (Origanum vulgare), thyme (Thymus
vulgaris), rosemary (Rosmarinus officinalis), sage (Salvia officinalis),
cumin (Cuminum cyminum) and clove (Syzygium aromaticum) on the
growth of some bacteria commonly used in the food industry,
Lactobacillus curvatus, Lactobacillus sakei, Staphylococcus carnosus
and Staphylococcus xylosus or related to food spoilage Enterobacter
gergoviae, Enterobacter amnigenus. The agar disc diffusion method
was used to determine the antibacterial activities of the oils. All six
essential oils analysed had an inhibitory effect on the six tested
bacteria. Oregano essential oil showed the highest inhibition effect
followed by cumin and clove.
Karbin et al. (2009) investigated the antifungal activities of the
essential oils obtained from Hyssopus officinalis, Cuminum cyminum,
Thymus vulgaris and cones of Cupressus arizonica against Aspergillus
flavus. Different concentrations of the essential oils on conidial
germination and germ tube elongation were determined in-vitro.
Essential oils applied in 5 levels, included 0 (as control), 0.125, 0.25,
0.375 and 0.5%. The antifungal activities of these essential oils were
evaluated by disc diffusion method on PDA medium. The results
showed that the essential oil of all plants affected the growth of
Aspergillus flavus under in-vitro conditions. Aspergillus flavus spores
in control treatment filled the petridish medium on second day of
9

experiment, but essential oils treatments in some levels inhibited and in
others decreased the growth of Aspergillus flavus. GC-MS analysis of
the chemical composition of essential oils were investigated to
determine their different component. Data showed essential oil of
Cuminum cyminum was more effective in comparison with others.
Furthermore, the study suggests that these essential oils can be used as
preservatives in foods.
Marjanlo et al. (2009) found that storage life of the strawberry
fruits was increased by the use of Cumin (Cuminum cyminum L.)
essential oil significantly, by inhibition of fungal (Botrytis cinerea)
infection compared to controls.
Allahghadri et al. (2010) characterized the antimicrobial,
antioxidant, and cytotoxic activities of Cumin (Cuminum cyminum) oil.
E. coli, S. aureus, and S. faecalis were sensitive to various oil dilutions.
Thus, cumin oil can be supplemented for both nutritional purposes and
preservation of foods.
Hajlaoui et al. (2010) reported that Cuminum cyminum oil
exhibited higher antibacterial and antifungal activities with a high
effectiveness against Vibrio spp. strains with a diameter of inhibition
zones growth ranging from 11 to 23 mm and MIC and MBC values
ranging from (0.078-0.31 mg/ml) to (0.31-1.25 mg/ml), respectively. In
the light of these findings, the study suggested that C. cyminum
essential oil may be considered as an interesting source of antibacterial
and antifungal components used as potent agents in food preservation
and for therapeutic or nutraceutical industries.
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Mahmoudi et al. (2010) found that essential oil of Thymus
vulgaris, Tarchyspermum copticum, Cuminum cyminum and Mentha
piperita, have a great inhibition on Pseudomonas syringae pv. syringae.
Nadoshan et al. (2010) showed that sub-minimal inhibitory
concentrations (MIC) levels of Mentha spicata and Cumminum
cyminum essential oils affected alginate production, biofilm formation,
swimming, twitching and adhesion in Pseudomonas aeruginosa 8821M
and it is probable to use of these medicinal plants for treating.
Oroojalian et al. (2010) showed that the ranges of minimum
inhibitory concentration of the Carum copticum, Bunium persicum and
Cuminum cyminum oils against several food-borne pathogens
(Staphylococcus aureus, Bacillus cereus, Escherichia coli O157:H7,
Salmonella enteritidis and Listeria monocytogenes) were 0.03-0.5,
0.18-3.0, and 0.37-3.0 mg/ml, respectively. Moreover, the combination
of B. persicum and C. cyminum essential oils confirmed synergistic and
additive activities against the pathogens.
Romagnoli et al. (2010) analyzed the essential oil of fruits of
Cuminum cyminum L. (Apiaceae), by GC and GC-MS, and its
antifungal activity was tested on dermatophytes and phytopathogens,
fungi, yeasts and some new Aspergilli. The most abundant components
were cumin aldehyde, pinenes, and p-cymene, and a fraction of
oxygenate compounds such as alcohol and epoxides. Because of the
large amount of the highly volatile components in the cumin extract,
we used a modified recent technique to evaluate the antifungal activity
only of the volatile parts at doses from 5 to 20 µL of pure essential oil.
Antifungal testing showed that Cuminum cyminum is active in general
11

on all fungi but in particular on the dermatophytes, where Trichophyton
rubrum was the most inhibited fungus also at the lowest dose of 5 µL.
Less sensitive to treatment were the phytopathogens.
Sadeghi et al. (2010) mentioned that the antimicrobial effect of
Cuminum cyminum essential oil in 0.03 % against Staphylococcus
aureus was higher than its lesser concentrations and with concern to the
control group.
Wanner et al. (2010) analyzed cumin oil samples (Cuminum
cyminum, L.) from four different geographical origins using GC-MS
and GC-FID for their qualitative and quantitative composition. All
essential oils, and cuminic aldehyde, were tested, using agar diffusion
and serial dilution methods, against different Gram-positive and Gramnegative bacteria isolated from different sources of food (pork fillet,
minced meat and sausages) and clinical isolates, as well as three
different Candida albicans isolates. All cumin oils and cuminic
aldehyde exhibited a considerable inhibitory effect against all the
organisms tested, except Pseudomonas spp.
Basmacıoglu et al. (2011) determined the chemical composition
of essential oils from cumin (Cuminum cyminum), laurel (Laurus
nobilis),

oregano

officinalis),

anise

(Oreganum

onites),

rosemary

(Pimpinella

anisum)

and

clove

(Rosmarinus
(Syzygium

aromaticum) by GC/MS, and their antibacterial activities were tested
on Salmonella typhimurium CCM 5445, Staphylococcus aureus
(MRSA) RSKK 95047, Staphylococcus aureus ATCC 6538P,
Escherichia coli ATCC 29998 and Escherichia coli O157:H7 RSKK
232 by two different methods (disc diffusion and agar dilution).
12

According to results, oregano essential oil showed the highest
inhibition (0.0625-0.125 mg/ml) effect followed by cumin (0.0625-2.0
mg/ml) and clove (0.25-1.0 mg/ml) respectively.
Khosravi et al. (2011) evaluate the effectiveness of Cuminum
cyminum, Ziziphora clinopodioides and Nigella sativa essential oils to
inhibit the growth of Aspergillus fumigatus and A. flavus and to evoke
ultrastructural changes. Results show the anti-Aspergillus activities of
C. cyminum, Z. clinopodioides and N. sativa essential oils, which
strengthens the potential use of these substances as anti-mould in the
future.
Toroglu (2011) investigate the in-vitro antimicrobial effects of
different spices and herbs against different bacteria and fungi species
(Micrococcus luteus LA 2971, Bacillus megaterium NRS, Bacillus
brevis FMC 3, Enterococcus faecalis ATCC 15753, Pseudomonas
pyocyaneus DC 127, Mycobacterium smegmatis CCM 2067,
Escherichia coli DM, Aeromonas hydrophila ATCC 7966, Yersinia
enterocolitica AU 19, Staphylococcus aureus Cowan 1, Streptococcus
faecalis DC 74 bacteria, and Saccharomyces cerevisiae WET 136,
Kluvyeromyces fragilis DC 98 fungi. The results indicated that essential
oils of Rosmarinus officinalis, Coriandrum sativum L., Micromeria
fruticosa L., Cumium cyminum L., Mentha piperita L. were shown
antimicrobial activity in the range of 7-60 mm 2 µl-1 inhibition zone to
the microorganisms tested, using disc diffusion method.
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c. Antimicrobial activity of some extracts of cumin and other
medicinal and aromatic plants
Abou-Taleb et al. (2007) mentioned that microbiological assays
indicated that mullet fish fillets treated with 1% cumin extract showed
the lower counts of total viable bacteria, psychrophilic bacteria and
yeasts and molds compared with other studied extracts. Treatment with
cumin extract led to improve all studied sensory parameters followed
by treatment with the extract of blackcumin, laurel leaves and
fenugreek. Treatment with either cumin or blackcumin was suggested
to extend the shelf-life of mullet fillets to 16 days compared with 8
days for the control samples during storage at 4±1°C.
Agaoglu et al. (2007) investigated the antimicrobial activity of
some food additives used in meat products such as cumin, cinnamon,
cloves, crushed red pepper, fennel, and anise against some
microorganisms. For this purpose, the dimethyl ether-treated extracts of
spice samples were tested in vitro with Staphylococcus aureus ATCC
25923, Klebsiella pneumoniae FML 5, Pseudomonas aeruginosa
ATCC 27853, Escherichia coli ATCC 25922, Enterococcus faecalis
ATCC 15753, Mycobacterium smegmatis CCM 2067, Micrococcus
luteus A 2971, and Candida albicans ATCC 60192 as test strains. The
disc diffusion method was applied in the trial. Cinnamon was found to
be the most effective spice against tested microorganisms. The weakest
antimicrobial activity was displayed by fennel. Crushed red pepper and
anise were found to be ineffective against the test strains.
Dobreva et al. (2009) determined the antimicrobial activity of
ethanol extracts of black pepper, cumin and coriander by disk diffusion
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and serial dilutions methods. The extracts obtained under optimal
technological parameters were highly antimicrobially active against
Gram positive and negative bacteria.
Ertürk (2010) studied the antibacterial and antifungal activities
of crude ethanolic extracts of 41 traditional medicinal plant species
belonging to 26 families against four bacteria and two fungi: Bacillus
subtilis, Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Candida albicans, and Aspergillus niger. Of the 41 plants
tested, 39 showed antimicrobial activity against one or more species of
microorganisms. While the crude extracts from Nigellea arvensis did
not show antimicrobial activity against the test microorganisms,
Pistasia lentiscus showed only antifungal activity against A. niger. The
most active antimicrobial plants were Cuminum cyminum, Jasminium
officinale, Thymus capitatus, Viscum album, Tanecetum sorbifolium,
Pimpinella anisum, Galega officinalis, Liguidamber orientalis, Rhus
coriaria, Alnus glutinosa, Pimental officinalis, Achillea coarctata, and
Camelia sinensis.
Sheikh et al. (2010) investigated the antibacterial activity of
seed extracts of cumin (Cuminum cyminum L.) against 10 gram
positive and gram negative bacteria. Disc diffusion method was used to
test antibacterial activity. Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration (MBC) were determined by
using standard procedures. The highest (effective) inhibition zones of
15.00±0.82 mm for ethanol, 15.33±0.47 for methanol, and 15.67±0.82
for acetone were found against Bacillus subtilis, Sarcina lutea and
Klebsiella pneumonia, respectively. MIC value (20 to 50 mg/ml) and
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MBC value (40 to 60 mg/ml) were measured against studied bacteria.
On the basis of investigation, we can say, cumin seeds could be used as
a source of new antibacterial agent for developing drugs to inhibit some
human pathogenic bacteria.
Keski̇n and Toroglu (2011) studied the antimicrobial activities
of the ethyl acetate, acetone and methanol extract of 12 plant species.
The extract of Capsicum annuum (red pepper) (fruit) Zingiber
officinale (ginger) (root), Cuminum cyminum (cumin), Alpinia
ficinarum (galingale), Coriandrum sativum (coriander), Cinnamomun
zeylanicum Nees (cinnamomun), Origanum onites L. (thyme), Folium
sennae (senna), Eugenia caryophyllata (cloves), Flos tiliae (lime),
Folium menthae crispae (peppermint) and Piper nigrum (blackpepper)
were tested in vitro against 2 fungi and 8 bacterial species by the disc
diffusion method. Klebsiella pneumonia 13883, Bacillus megaterium
NRS, Pseudomonas aeroginosa ATCC 27859, Staphylococcus aureus
6538 P, Escherichia coli ATCC 8739, Enterobacter cloaca ATCC
13047, Corynebacterium xerosis UC 9165, Streptococcus faecalis DC
74, Kluyveromyces marxianus, Rhodotorula rubra were used in this
investigation. The results indicated that extracts of different spices has
shown antibacterial activity, in the range of 7-24 mm/30 µl inhibition
zone by Eugenia caryophyllata (clove), 7-20 mm/30 µl inhibition zone
by Capsicum annum (red pepper) and Cinnamomun zeylanicum
(cinnamon) bark, 7-18 mm/30 µl inhibition zone by Folium sennae
(senna) leaves, 7-16 mm/30 µl inhibition zone by Zingiber officinale
(ginger) root, 7-15 mm/30 µl inhibition zone by Cuminum cyminum
(cumin) seed, 7-14 mm/30 µl inhibition zone by Folium menthae
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crispae (peppermint), Origanum onites (thyme) leaves and Alpinia
ficinarum (galingale) root, 7-12 mm/30 µl inhibiton zone by Piper
nigrum (blackpepper), 7-11 mm/30 µl inhibition zone by Flos tiliae
(lime) leaves, 7-8 mm/30 µl inhibition zone by Coriandrum sativum
(coriander) to the microorganisms tested.

2. Effect of gamma irradiation on fruits quality
a. Effect of gamma irradiation on essential oil
Bachman (1978) remarked the alterations in the chemical
composition of essential oils of some spices such as caraway,
coriander, marjoram, mustard, cardamom, black pepper and a spice
mixture due to irradiation doses. Essential oil yield of caraway
decreased by 10 and 25% with dose 1.0 and 5.0 M-rad, respectively,
while cardamom yield of essential oil decreased by 15-20% at 0.75 Mrad. Gas chromatographic analysis did not show any changes in the
composition of caraway oil by irradiation. Meanwhile, it was found
that basic caraway components (carvone and limonene) did not change
even at doses higher than 3.0 M-rad. Also, the yield of cardamom
essential oil decreased with irradiation in comparison with the control
sample. Thus for the doses up to 1.5 M-rad, the yield of oil diminshed
by about 9%. As the amount of terpinyl acetate increased up to 60% at
1.25 M-rad, cineole decreased slightly. No changes in the amounts of
main oil components had been observed. Most volatile compounds
such as terpene and hydrocarbons were resistant to irradiation.
Bachman et al. (1978) reported that the average yield of
essential oil of caraway was 6.3%. A decrease in the yield of volatile
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oil had been observed in irradiated caraway seeds. A dose of 1.0 M-rad
induced a decrease in the yield with about 10%, while, 3.0 M-rad
caused about 20% reduction.
El-Hady (1982) studied the effect of gamma irradiation on the
chemical constituents of geranium and marjoram oils. In geranium oil,
nerol was decreased with the increase of radiation dose up to 50 K-rad,
while D and L-limonene suffered with slight decrease under the same
dose but increased by using the dose of 5.0 M-rad. On the other hand,
cinnamic acid decreased by increasing the dose of radiation within the
range of 50 K-rad. Methyl chavicol and linalool showed a marked
decrease by increasing the radiation dose. Also, in marjoram oil, all
components decreased by increasing the radiation dose.
El-Gengaihi et al. (1984) showed that seeds of Melissa
officinalis L. were irradiated with 1, 4, 8 or 12 krad doses prior to
sowing. At 1 and 4 krad dry weight was slightly decreased at the early
stages of growth but the oil content (% dry weight) was increased,
more than compensating for the dry weight decrease. The higher doses
severely reduced growth. The lowest dose increased the proportion of
citral, citronellal, citronellol, geraniol and linalool in the essential oil,
but decreased the proportion of linalyl acetate, citronellyl acetate and
geranyl acetate.
Srivastava and Tyagi (1986) subjected dry caryopses to 12 doses
of γ rays ranging from 5 to 100 krad. The results showed that doses of
10 and 15 krad had marked stimulatory effects in M1 herbage yield,
essential oil percentage, total alcohols and free geraniol but decreased
the concentration of geranyl acetate. Herbage yield/plant and leaf area
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index were increased most by 15 krad, and both the yield and geraniol
content of the essential oil were enhanced significantly by the 10 and
15 krad treatments.
Sadao et al. (1988) studied the effect of gamma-irradiation on βpinene content in grapefruit. No degradation of β-pinene by irradiation
up to 200 K-rad. Also, added that β-pinene itself was stable to gammairradiation at 1.0 M-rad.
Mekhraz et al. (1989) demonstrated that seed irradiation with
gamma-rays from a 60Co source at 10 to 70 krad affected plant
essential oil content and composition. The optimum dose of 30 krad
produced a mutant clone with an oil content of characteristic aroma.
This clone, No. 4, shows promise for cultivation whereas some other
mutants are recommended as source material for selection.
Nobutada et al. (1991) studied the effect of gamma irradiation
on the essential oils of several kinds of spices at a dose up to 5.0 M-rad.
The oil components were not changed even after irradiation.
Ratnayake (1991) studied the effect of radiation on volatile
components of some spices such as cardamom, nutmeg, clove and
pepper. The spices were irradiated in a cobalt 60 gamma source with 5
KGy, 7 KGy and 10 KGy at a dose rate of 5 KGy/hr. He observed that
radiation dose less than 10 KGy could be used for processing of spices
without producing any changes in their volatile components.
El-Geddawy and Rashwan (1993) found that seeds of anise
(Pimpinella anisum), cumin (Cuminum cyminum) and fennel
(Foeniculum vulgare) were treated with 1, 5 and 10 kGy γ rays.
Volatile oils were extracted before and after irradiation and individual
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components were separated from the oils using gas chromatography.
Irradiation caused a general decrease in total hydrocarbons and an
increase in oxygenated compounds at 1 kGy, followed by a decrease
between 5 and 10 kGy. Furthermore, the main characteristic
components of all 3 spices were increased at doses between 1 and 5
kGy. The predominant hydrocarbon was camphene; 21.2, 29.8 and
8.8% in anise, cumin and fennel, respectively. Camphene and anethole
were the main constituents of anise (21.2 and 74.1%, respectively),
while cuminaldehyde and camphene were predominant in cumin (33.6
and 29.8%, respectively). The main oxygenated components of fennel
were fenchone and anethole.
Piggott and Othman (1993) reported that gamma-irradiation at
3.0 M-rad and subsequent storage for 90 days had no significant effect
on the volatile oil content of three black peppers. Meanwhile, major
components of these oils showed clear differentiation between
unirradiated and irradiated samples immediately after irradiation and
during storage and some variations were also observed between
samples irradiated at different dose levels.
Toru et al. (1993) reported that 1.0 M-rad gamma irradiation
dose did not significantly affect the contents of essential oils of some
spices such as black pepper, white pepper, nutmeg, red pepper, parsley,
laurel and onion powder.
El-Khawas (1995) reported that gamma irradiation doses up to 3
M-rad had non-significant effect on essential oil content. The various
doses of gamma irradiation induced a gradual increase in the major
components of anise and fennel essential oils (t-anethole for both) and
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decreased the main component of cumin (cuminaldehyde), while the
main component of caraway (carvone) was not significantly changed.
Moreover, the other components showed a minor changes in their
relative percentages due to gamma irradiation.
Farag et al. (1996) samples of 5 selected spices, black pepper
(Piper nigrum), fennel (Foeniculum vulgare), coriander (Coriandrum
sativum) and anise (Pimpinella anisum) seeds, and turmeric (Curcuma
longa) rhizomes, obtained from the local market, were subjected to a
thermal treatment at 70°C for 15 minutes or exposed to a gamma
radiation source (5.0 or 10 kGy). The results showed that gamma
irradiation at 10 kGy, caused losses in the major flavour components
such as anethole, methylchavicol and anise-aldehyde in anise, and βpinene and cineole [eucalyptol] in black pepper. Irradiation also
induced the conversion of monoterpene hydrocarbons to alcohol
terpenes in black pepper essential oils.
Jeliazkova et al. (1997) show that plant productivity and
essential oil quality of Coriandrum sativum cv. Alekseevsky 247 grown
from γ-irradiated seeds was field tested in Bulgaria. The seeds,
irradiated with 500-1500 rads using 60Co as the γ-irradiation source,
produced plants yielding 14-25% more seeds and 12-28% more
essential oil than control plants. The highest seed yields were achieved
at a dose of 1000 rads. Essential oil quality remained within the limits
of the Bulgarian State Standard for C. sativum essential oil.
El-Mesiry and Azza (2000) investigated the effects of gamma
irradiation levels (5, 10, 15 and 20 K rad) and irrigation intervals (10,
20 and 30 days) on the growth, yield, essential oil productivity and
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chemical composition of anise (Pimpinella anisum) plants. The
optimum level of irradiation and irrigation intervals to obtain the best
essential oil productivity of anise was 5 or 10 K rad and 20 days
interval.
Emam (2001) found that the major compound of cumin essential
oil was cuminaldehyde (67.74%). Irradiation doses of 2.5 and 5.0 kGy
did not significantly changed most of the volatile oil components,
whereas irradiation dose of 7.5 kGy and microwave treatment for one
minute caused a decrease in the amount of cuminaldehyde.
Sadecka et al. (2004) investigated the influence of ionizing
radiation treatment with different doses (5 kGy, 10 kGy and 30 kGy) of
gamma-rays on the microbial decontamination of powdered black
pepper. It was found out that a dose of 5 kGy is sufficient to achieve a
total viable count of microbial contamination. Subsequently the effect
of gamma-irradiation dose on the possible changes in composition of
the black pepper essential oil and simultaneous potential alterations in
its organoleptic quality (flavour) were studied. No significant changes
in the volatile oil compounds content were observed with the radiation
doses of 5 kGy and 10 kGy. Ionizing dose of 30 kGy resulted in triple
increase of caryophyllene oxide concentration in compare with an
untreated sample. The olfactometric analysis showed non-significant
changes in flavour.
Moussa (2006) examined the changes in growth parameters and
certain metabolic activities in response to different doses of γirradiation (0.0, 20, 50, 100 and 200 Gy) in rocket seedlings. The total
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yield, seed mass and essential oil content increased significantly for 20Gy dose of γ-irradiation compared with the control samples.
Abdel-Wahab (2009) irradiated lovage fruits before sowing with
gamma rays at 0, 20, 40, 60 and 80 Gy. The results showed that, fruits
volatile oil% and oil yield were increased by low gamma doses
particularly at 60 Gy.
Sadecka (2010) investigated the effects of ionising irradiation
with different doses of gamma-rays (5 kGy, 10 kGy, and 30 kGy) and
the effect of heat sterilisation (dry steam, 130°C, 3 min) on the
microbiological quality of powdered black pepper. The most significant
changes were observed in the contents of volatile compounds after
ionising radiation treatment with 30 kGy and heat treatment,
respectively.
Fatemi et al. (2011) studied the antibacterial activity of essential
oils from caraway seeds together with its antioxidant properties in
seeds pretreated with γ-irradiation. The oil fraction components were
not

affected

due

to

γ-irradiation

as

determined

by

gas

chromatography/mass spectrometry. The antioxidant activities which
were

measured

by

β-carotene

bleaching

test

and

2,

2-

diphenylpicrylhydrazyl assay were sustained by γ-irradiation.
b. Effect of gamma irradiation on chemical composition of some
medicinal, aromatic and other plants
Lorenzo et al. (1983) investigated the effects of γ-irradiation of
rice grain, to control insect pests, with doses of 30, 60 or 100 krad at
120 krad/h on the physicochemical properties of grain carbohydrates.

23

Increasing irradiation increased total and reducing sugar contents but
decreased starch viscosity in both rice cv.
El Shebawy (1984) showed that total nitrogen content in
irradiated broad bean slightly decreased in comparison with unirradiated sample (control). Elevation of these decreases was noticed
by the rise of irradiation doses. These results may be attributed to
degradation effect of gamma irradiation on the amino acids
composition of broad bean.
Abd El-Salam (1985) mentioned that protein percentages of
wheat grains treated with different doses of gamma irradiation were
significantly decreased to different extents.
Ress et al. (1985) reported that the quantity of reducing sugars
in the irradiated (10-100 K-rad) barely grains were higher than that of
the non-irradiated samples.
El-Sherbeny et al. (1997) found that irradiation treatments with
gamma irradiation from 1 - 8 K-rad generally increased the fixed oil,
carbohydrate, flavones and anthocyanin contents of Hibiscus sabdariffa
sepals.
El-Tablawy (1997) stated that in irradiated Negilla sativa seeds
at 0.5 and 1.0 M-rad, the percentage of the extracted fixed oil showed
no significant differences between treatments.

Also, irradiation

decreased the relative percent of unsaturated fatty acids (linoleic and
oleic). On the other hand, irradiation with 0.5 M-rad increased the
relative percent of saturated fatty acids (palmitic and arachidic), while
irradiation up to 1.0 M-rad showed no considerable change in relative
percent of saturated fatty acids.
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Abdel-Wahab (2000) found that irradiated coriander seeds with
gamma rays before sowing at the rates of 20 or 40 Gy increased the
content of N, P and Zn in the dried shoots of coriander (Coriandrum
sativum L ) plants.
El-Mesiry and Azza (2000) investigated the effects of gamma
irradiation levels (5, 10, 15 and 20 K rad) and irrigation intervals (10,
20 and 30 days) on the growth, yield, essential oil productivity and
chemical composition of anise (Pimpinella anisum) plants. The
optimum level of irradiation and irrigation intervals to obtain the best
chemical composition (N, P and K percentages) of anise was 5 or 10 K
rad and 20 days interval.
Emam (2001) showed that irradiation treatment had no
significant effect on the chemical constituents of cumin (total nitrogen,
crude protein and total lipids).
Gaber et al. (2002) found that treatment of faba beans with
gamma radiation increased their carbohydrate content significantly
compared to respective mean control values. Low (250 rad) and high
(2500 and 5000 rad) dosages of gamma irradiation caused significant
reduction in the protein content of the seeds; whereas dosages of 500
and 1000 rad led to an increase in the protein content of the seeds.
Gamma irradiation resulted also in marked changes in the
electrophoretic patterns of the seed proteins. A marked increase in the
endogenous hormones GA3, auxins and cytokinins were recorded in
the faba bean seeds as a response of the gamma irradiation with
dosages of 250, 500 or 1000 rad; under the same conditions the level of
abscisic acid declined in seeds of faba bean plants.
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Hassanein (2003) on Foeniculum vulgare indicated that
gamma ray doses of 250, 500, 750, 1000, 1250 and 1500 rad
increased the contents of N, P and K compared with control.
El-Tantawy et al. (2005) conducted two irradiation trials to
study the effect of gamma irradiation doses ranging from 1 to 25 krad
on seed germination and seedling growth of (Pinus pinea, Cupressus
sempervirens, Khaya senegalensis, Azadirachta indica and Jatropha
curcas). The exposure at 5 and 10 krad doses resulted in the best values
in seed germination percentages and seedling height, and total
carbohydrate contents and total protein percentages were also
significantly increased in all seedlings in both seasons.
Hussein (2005) studied the effect of gamma rays doses (0, 2,
4, 8, 16, 23 and 64 K.rad) on Anethum graveolens L and showed
that, using gamma rays at dose of 16 K.rad gave the highest content
of N, P and K in different plant parts.
Moussa (2006) examined the changes in growth parameters and
certain metabolic activities in response to different doses of γirradiation (0.0, 20, 50, 100 and 200 Gy) in rocket seedlings. Total
sugars, total free amino acids, total soluble phenols, kinetin, GA3,
nitrate reductase activity and total protein increased significantly at the
20-Gy dose. The macroelements content, nitrogen and potassium
increased at the 20-Gy dose. Phosphorus content showed no significant
effect at any of the γ-irradiation doses used. The results revealed that
the most effective dose was 20 Gy of gamma rays.
Al-Rumaih (2007) reported that gamma irradiation adversely
affected the accumulation of soluble sugars along with the activities of
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hydrolytic enzymes in three species of plantago, namely Plantago
lanceolata, Plantago major and Plantago ovata. Gamma rays (0, 20,
40, 60 and 80 krad) when applied pre-sowingly to dry seeds from a
cobalt 60Co source at a dose rate of 233.5 rad/min significantly
reduced the accumulation of reducing, non-reducing and total soluble
sugars in comparison with un-irradiated control. It also significantly
repressed the activities of α-amylase and invertase in the developed
seedlings.
Rajeev et al. (2008) studied the effects of gamma irradiation on
Mucuna pruriens seeds at various doses (0, 2.5, 5, 7.5, 10, 15 and 30
kGy) on the proximate composition, mineral constituents, amino acids,
fatty acids and functional properties. Gamma irradiation resulted in a
significant increase of crude protein at all doses. Raw Mucuna seeds
were rich in minerals (Potassium, phosphorus, calcium, magnesium,
iron and selenium). Sodium, copper and manganese were significantly
decreased on irradiation at all the doses, while magnesium and iron
showed a significant decrease only above 10 kGy.
Abdel-Wahab (2009) irradiated lovage fruits before sowing with
gamma rays at 0, 20, 40, 60 and 80 Gy. The results showed that low
gamma doses markedly increased levels and total contents of N, P, K,
Fe, Zn and Mn in plant shoots.
Maity et al. (2009a) found that the dose range of gamma
irradiation from 1 to 2 kGy was most effective for mung (Vigna mungo
L.) and wheat (Triticum aestivum L.) seeds sterilization, keeping their
viability and minimum loss of nutritional value like protein and
carbohydrate intact.
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Maity et al. (2009b) described radiation-induced effects on
edible seed protein profiles, carbohydrates, amino acids during gamma
sterilization. The total protein and carbohydrate was decreased with
increasing dose compared to control samples. Oryza sativa L. Cv-2233
exhibited a minimum effect in terms of its loss in total soluble protein
content, compared to other seeds at 6 kGy, and the soluble protein
fraction, containing albumins and globulin, was unchanged up to 6
kGy. In Cicer arietinum, the effect of gamma rays was more
pronounced on albumin and prolamin with respect to glutelin and
globulin. The easy-to-digest and difficult-to-digest proteins were not
significantly affected up to 4 kGy. However, the soluble free amino
acids of all the seeds increased with increasing dose.
c. Effect of some drugs treated by gamma irradiation on
antimicrobial activity
Farag et al. (1996) samples of 5 selected spices, black pepper
(Piper nigrum), fennel (Foeniculum vulgare), coriander (Coriandrum
sativum) and anise (Pimpinella anisum) seeds, and turmeric (Curcuma
longa) rhizomes, obtained from the local market, were subjected to a
thermal treatment at 70°C for 15 minutes or exposed to a gamma
radiation source (5.0 or 10 kGy). The results showed that untreated
samples were highly contaminated with pathogenic and toxinogenic
microbes. Thermal treatment reduced the microbial count and
pathogenic microbes to the same safe range as an irradiation dose of 5
kGy.
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Emam (2001) showed that irradiation doses at 5.0 and 7.5 kGy
were sufficient to decrease the spore-forming bacteria and completely
inhibit the fungal flora of cumin seeds (Cuminum cyminum).
Rita et al. (2002) conducted a study to investigate the effect of
different doses of gamma irradiation on microbial contamination of 8
common spices after storage periods of 0, 12 and 24 months. Coriander
[Coriandrum sativum], turmeric [Curcuma longa], chilli, cumin
[Cuminum cyminum], aniseed [Pimpinella anisum], black pepper, clove
[Syzygium aromaticum] and cardamom [Elettaria cardamomum] were
exposed to gamma radiation doses of 6, 10 and 14 kGy at a dose rate of
2.55 kGy/h; control samples received no irradiation. Results revealed
high total microbial, aerobic and anaerobic bacterial spore, fungal and
coliform counts in all non-irradiated spices. After irradiation at 6 kGy,
reductions in all contaminants were observed in all spices. Further
reductions were observed at 10 and 14 kGy. Complete elimination of
fungal contaminants was observed after irradiation at 6 kGy in most of
the spices. After 12 and 24 months of storage, significant reductions in
all contaminants in all spices were still observed. It is concluded that
untreated spices from the Thar desert are heavily contaminated with
microorganisms, and gamma irradiation is effective in reducing or even
eliminating the microbial load of these spices.
Fatemi et al. (2011) studied the antibacterial activity of essential
oils from caraway seeds together with its antioxidant properties were
examined in seeds pretreated with γ-irradiation. The antibacterial
activity of caraway essential oils was retained after irradiation. These
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data may suggest that γ-irradiation sustains the active components
responsible for the biochemical properties of the caraway oils.

3. Effect of storage and package materials on quality of some
drugs and essential oil content
Balcar and Kozlowski (1962) stated that in Umbelliferous spices
there was a significant increase in volatile oil content during the second
year of storage, while there was a decrease during the first year. This
was probably due to the secondary ripening of the seed and to the
varying atmospheric conditions.
Georgeiv (1965) stored anise seeds in the dark at 5-25oC and in
paper bags. The deterioration of quality occurred after 4.5 years and
this was amounted up to 50%. Half-ripe seeds retained the oils better
than fully matured ones. The anethole content after 4.5 years of storage
was still 80%.
Georgeiv (1968) studied the changes in essential and fixed oils
during storage of seeds of coriander and bitter fennel. He observed
changes in content of carvone, α-pinene, β-pinene, anethole, limonene,
camphene, p-cymol, cineole and phellandrene.
Chinenova et al. (1969) reported that pepper, clove and
coriander spices were stored up to 18 months in wrappings of paper,
polyethylene, alcoated paper, lacquered cellophane and viscotene.
During storage, spices were examined for organoleptic properties and
content of essential oils, and the aromatic components were determined
by gas chromatography. Smallest losses of essntial oils occurred with
pepper stored in laquered cellophane, of the original 3% at least 2.2%
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remained after 10 months storage, whereas in other types of wrappings
the content of essential oils dropped to 1.6 - 0.9%.
Irena and Jan (1969) stored caraway seeds for several years in
single-layer paper bags and tightly closed metal containers in an
unheated storage room. They found that the stored seeds exhibited
great variation of the oil content ranging from 3.9 to 8.1%.

The

essential oil content increased in winter and spring, but decreased in the
third year.

Viability was decreased by storage in tight metals

containers. They obtained no clear relations among variation of oil
content, humidity and germination capability.
Georgeiv and Khazdzhiiki (1970) studied changes in essential
and fixed oils during storage of cumin seeds for 3 years at 14-25oC and
for one year at 50oC. Rather after 3 years of storage the value of the
essential oils decreased by 9-12% at 14-25oC and by approximately
with 5% at 3-5oC. At 50oC the value reduction was 10% after one year.
The quality of the essential oil deteriorated during storage. The amount
of cumin aldehyde decreased by 14% after 3 years at 3-5oC and by 16%
at 14-25oC and 16% after one year at 50oC.

At the same time,

hydrocarbons (pinene, phellandrene, and thymol) increased. The fixed
oil yield did not change under the previous storage conditions of cumin
seeds, but oxidation was noticed after 6 months storage at 50oC and
after one year at lower temperatures.
Georgeiv and Van (1973) studied the changes in essential and
glyceridic oils during short term storage of ground cumin seeds. They
found that, finely crushed seeds were accompanied by ≤ 50% loss of
essential oil. The greatest loss occurred during the first hour of storage
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after grinding and was due to accelerated evaporation of hydrocarbon
components.
Luklyanov and Barestovaya (1973) reported that the essential oil
content decreased by 3 - 5%, during storage of dry ripe coriander seeds
for 2 years , the level of alcohols in the essential oil increased from 68
to 74.7% , the ester number increased from 8.8 to 15.0% and no other
changes were recorded.
Lukyanov and Berestov (1973) found that carefully prepared
whole coriander lost no more than 5% volatile oil during two-years
storage period, irrespective of whether the material was kept in heaps,
cotton bags or polyethylene bags.
Awad (1977) studied the effect of type of container and
temperature of storage on the essential oil of coriander. He mentioned
that the stored coriander seeds for one year after harvesting had
essential oil richer in linalool than the oil which was obtained from
fresh seeds. The discrepancy between the results obtained in case of
fresh seeds. He also mentioned that the differences in essential oil of
coriander occurred during storage might be due to the oxidation and
resinfication of a great portion of hydrocarbons (which became nonvolatile).
Fehr (1980) studied the changes of essential oil contents of
fennel, anise and caraway during storage period. Anise seeds contained
an essential oil which decreased at the rate of 1% per month, however,
caraway seeds showed a reduction in their oil content at the rate of
2.8% per annum.

In case of fennel, it was difficult to make a

conclusion, because of the differences of their ripeness degree. The
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decrease of essential oils content in fennel samples ranged from 0.01 to
0.153 ml. per month.
Sharma and Sharma (1984) stored fennel seeds in muslin bags
for 180 days at RH 66% and 75% and 28oC. Changes in free fatty acids
were more pronounced at RH 75%. There was an increase in saturated
and a decrease in unsaturated fatty acids.
Sidky (1986) stated that the storage period had a significant
effect on decreasing the essential oil content of fennel. The essential
oil content decreased from 3.4% to 1.7% during the first four months of
storage. Storage periods longer than four months did not cause a
further significant reduction in the essential oil content of fennel seeds.
Also added that the highest value of estragole (83.40%) was obtained
after 12 months of storage in cardboard boxes. Phellandrene highest
value was recorded after harvesting. When the seeds were stored in
polyethylene containers, their phellandrene content decreased to reach
a minimum value after 20 months of storage. Moreover, the storage
container markedly affected the values of anethole, which decreased
from 6.85% to values ranging from 2.78% to 3.44% after 20 months of
storage. After 8 months of storage, anethole disappeared from seeds
stored in polyethylene containers, but reappeared again after 12
months. This appearance and disappearance was due to conversional
reactions during the storage period in differnt containers. Finally, it
was

reported that

storage of fennel seeds gave the highest total

percentage of the 4 main components of its essential oil, after 12
months of storage, while the lowest percentage was recorded after 16
months.
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El-Tablawy (1997) irradiated Nigella sativa seeds at 0.5 and 1.0
M-rad and stored for 12 months in sealed polyethylene at room
temperature, then the effect of storage time on the total microbial
counts was studied. The results showed that the bacterial counts in unirradiated samples stored in sealed polyethylene bags were not affected
after three months and then decreased with increasing the storage time,
this may be due to the inhibitory effect of N. sativa seeds oil.
Moreover, It was mentioned that the total fungal count in irradiated
and un-irradiated seeds stored in sealed bags decreased by increasing
the time of storage which may be due to the inhibitory effect of N.
sativa seeds oil.
El-Tobgy (1999) found that storing fennel seeds up to 12 months
caused a general increase in trans-anethole and limonene contents.
Contrarily, the storage periods exhibited decrease in fenchone and
carvone contents. Meanwhile, storage at different periods up to 12
months possessed no real changes in the concentrations of alphapinene, methyl chavicol, cis-anethole, anisaldehyde and p-anisic acid
contents.
Nivinskiene et al. (2007) reported that the amounts of βphellandrene of Angelica archangelica L. seeds (fruits) decreased from
57.0-63.4% to 39.0-41.3% during the storage of the seeds for twelve
months.
Novo et al. (2010) evaluated the effect of pellets, made from
either vegetative and reproductive plant structures powder of billy goat
weed, on the development of Sitophilus oryzae (L., 1763), as well as to
determine the period in which they could be stored without losing their
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insecticidal action. Pellets made from powders of different billy goat
weed structures (root, leaf, inflorescence, and seeds) were stored for 2,
60, 120, and 180 days. The billy goat weed presents insecticidal
activity on S. oryzae, depending on the plant structure and
concentration in the pellet. Pellets made from leaves and seeds, at the
concentration of 0.5%, provided a better S. oryzae control, affecting
more the emergence of insects than their development cycle. Pellets
made from any plant structure, except for root, at 5.0%, can be stored
for up to 180 days without losing their insecticidal action, while, at
0.5%, the storage period should be less than 60 days.
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MATERIALS AND METHODS
This study was carried out at the Ornamental Horticulture
Department, Faculty of Agriculture, Cairo University; the National
Centre for Radiation Research and Technology, Nasr City, Cairo,
Egypt and the Central Laboratory, Horticulture Research Institute,
Agriculture Research Center, Giza, Egypt from 2008 to 2010 seasons.
The aim of this study was to investigate the effect of different doses of
gamma irradiation (0, 5, 10 and 15 KGy) and different storage periods
(0, 3 and 6 months) in different package materials (cotton or
polyethylene bags) on essential oil quality and chemical composition of
cumin (Cuminum cyminum, L.) fruits. In addition that antimicrobial
activity of treated cumin fruits essential oil and its extract at 0, 5000,
10000, 20000 and 40000 ppm were investigated.

1. Source of cumin fruits
Cumin fruits were purchased from a private farm in Minia
Governorate, Egypt. Afterwards, the purchased fruits were subjected to
different irradiation, storage periods and packing treatments.

2. Fruits packing treatments
Fruits of cumin (Cuminum cyminum, L.) were cleaned to be dust
free and divided into two main groups each of them was subdivided
into 4 groups. One of the two main groups was packed in cotton
packages and the other group was packed in polyethylene bags. One
subgroup from each group was left without irradiation and considered
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as control. The other three subgroups were subjected to 5, 10 and 15
KGy gamma irradiation.

3. Irradiation treatments
Fruits of cumin (Cuminum cyminum, L.) packed in cotton and
polyethylene packages were exposed to gamma irradiation at different
doses (0 as control, 5, 10 and 15 KGy) before stored. The treatments
were carried out at the National Centre for Research and Radiation
Technology, Nasr City, Cairo, Egypt. The irradiation facility used was
the Gamma cell 220 (product of MDS Nordion, Canada) in which
Cobalt 60 (60Co) is used as a source. This facility is for laboratory
installation with vertical loading system for small samples.

4. Storage treatments
Samples were stored at room temperature in a clean place.
Representative samples from irradiated and non-irradiated fruits were
taken after 0, 3 and 6 months. In each treatment of gamma irradiation
and the control, the following determinations were carried out, starting
from zero time of storage and continued up to the end of the storage
periods.

5. Experiment layout
The previous mentioned treatments were arranged in two factors
complete randomize design, forming 24 treatments as 4 irradiation
doses (0, 5, 10 and 15 KGy) × 6 storage periods in different package
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materials. Each treatment had three replicate and five bags per
replicate. Detailed scheme of these treatments is presented in Table (1).

Table 1. Applied treatments on cumin fruit before extraction of essential oil or
preparation of ethanolic extracts.
Irradiation doses (KGy)
Storage periods and packages of cumin fruits
0
5
10
15
1
7
13
19
Without storage packed in cotton
3 months storage packed in cotton

2

8

14

20

6 months storage packed in cotton

3

9

15

21

Without storage packed in polyethylene

4

10

16

22

3 months storage packed in polyethylene

5

11

17

23

6 months storage packed in polyethylene

6

12

18

24

6. Chemical studies of the treated cumin fruits
a. Essential oil percentage and constituents
1. Essential oil percentage
The essential oil percentage of cumin fruits was determined
using water distillation method described in Guenther (1961) as 100 g.
of the fruits from each treatment were placed in a distillation flask and
adequate quantity of water for extraction was added. The extraction
was carried out with boiling water continuously for 4-5 hours after
which oil percentage was recorded.
2. Essential oil constituents
Before determination of the oil fractions, traces of water were
expelled from the oil using anhydrous sodium sulphate. The pure
volatile oil was injected in the Gas Chromatograph Mass Spectrometer
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(GCMS) model Schimadzu QP-5000 equipped with DB-1 column
(30m × 0.25mm × 0.250 Micron film thickness). Other specifications
are shown in Table (2).
Table 2. Specifications of the used
(GCMS).
Specification
Sample injected
Carrier gas
Temperature programming was:
Initial temp. of oven
Rate
Final temp.
Run time
Inj. Temp.
Interface temp.
Injection type
Mass parameters:
Scan interval
Mass range
Detector gain

Gas Chromatograph Spectrometer
Value
0.5 µl.
Helium at 1.8 ml/min flow.
40oC;
4oC/min to 150oC
150oC / 2min
31.5 min
190oC
220oC
Splitless injection
0.5 sec.
40-350 M/Z
1.85 mV

b. Chemical composition of cumin fruits
1. Carbohydrates percentage
Carbohydrates percentage was determined according to the
method described by Dubois et al. (1956). The data was expressed as
g./100 g. D.w (%).
2. Nitrogen percentage
Nitrogen was estimated using microkjeldahl method and
calculated as N% (A.O.A.C., 1990) using nitrogen distillation
instrument model Buchi 323.
3. Potassium percentage
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Potassium was determined by using flame photometer (Jenway
model (PFP7) according to Jackson (1960). The results were calculated
from a standard curve of potassium di-hydrogen phosphate.
4. Calcium percentage
Calcium % (g./100g. D. wt) was determined against a standard
using flame-photometer as described by Piper (1950).
5. Sodium percentage
Sodium was determined using Flame Photometer apparatus
according to Brown and Lilleland (1946).
6. Protein percentage
Crude protein content (%) was calculated by multiplying total
nitrogen by 6.25 (A.O.A.C., 1990).
7. Total free amino acids percentage
Total free amino acids were determined according to Rosein
(1957) and measured using a spectrophotometer at 570 nm. The
concentrations of free amino acids were calculated using the stander
curve of lysine.
8. Total indoles percentage
Extraction of indolic compounds was conducted according to the
method described by Daniel and George (1972). The P-Dimethyl
Amino Benzaldehyde test as described by Larsen (1962) using a
spectrophotometer at 530 nm, was used for determination for total
soluble indoles as follows.
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9. Total phenols percentage
Extraction of phenolic compounds was conducted according to
the method described by Daniel and George (1972). The colorimetric
method of Folin-Denis as described by Daniel and George (1972) was
employed for the chemical determination of phenolic compounds.

7. Microbiological studies of the treated cumin fruits
a. Description
Previous treated cumin fruits were used as antimicrobial agents
against different microbial pathogens in two studies. The first one was
carried out to determine the effect of gamma irradiation, storage
periods in different packages and their interaction on antimicrobial
activity of cumin fruits essential oil. In this regard, microbial pathogens
were treated with essential oil of cumin fruits comprising 24 treatments
(24 irradiation, storage and packing treatments × only one essential oil
concentration). While, the second one conducted to determine the
effect of gamma irradiation, storage periods in different packages and
their interaction on antimicrobial activity of cumin fruits ethanolic
extract at 5 concentrations of 0, 5000, 10000, 20000 and 40000 ppm
comprising 120 treatments (24 irradiation, storage and packing
treatments × 5 extract concentrations).
b. Microbial strains and growth media
Staphylococcus

aureus

(ATCC

25923)

and

Salmonella

typhimurium (ATCC 14028) were employed in the study to investigate
antibacterial activity while Penicillium digitatum and Asperigillus niger
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were

used

to

investigate

antifungal

activity.

Also,

yeast

(Saccharomyces cerevisiae) was employed to investigate antiyeastal
activity. Different microbial strains were obtained from Department of
Agricultural Microbiology, Faculty of Agriculture, Cairo University.
Nutrient agar was used for bacterial and yeastal growth and potato
dextrose agar (PDA) was used for fungi.
c. Inhibition growth measurement
Disc diffusion method was employed for the determination of
antimicrobial activities of the essential oils or ethanolic extract. Briefly,
0.1 ml from 108 cfu/ml bacterial suspension was spread on the nutrient
agar plates. Filter paper discs (0.6 cm in diameter) were impregnated
with 10 µl of the undiluted oil and were placed on the inoculated plates.
These plates, after remaining at 4 C˚ for 2 h, were incubated at 37 C˚
for 24 h. All tests were performed in triplicate. The diameters of the
inhibition zones of the previously mentioned strains were measured in
millimeters and represented as inhibition zone.

8. Statistical analysis
The used design was a completely randomized design in a
factorial experiment as described by Snedecor and Cochran (1980) at
5% probability level. Two factors experiment was employed with the
chemical studies and biological studies of the essential oil. The
irradiation doses represented the first factor (4 levels), while storage
periods at different packages represented the second one (6 levels).
Each one of the 24 treatments consisted of 3 replicates. While, three
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factors experiment was employed with the biological studies of the
ethanolic extract. The irradiation doses represented the first factor (4
levels), storage periods at different packages represented the second
one (6 levels), while ethanolic extract represented the third one (5
levels). Each one of the 120 treatments consisted of 3 replicates. Data
obtained were statistically analyzed using MSTAT Computer Program
(1993) and means were compared by Duncan's Multiple Range Test
(1955) to verify differences among means of various treatments.
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RESULTS AND DISCUSSION
1. Effect of gamma irradiation, storage periods in different
package materials and their interaction on essential oil
content and chemical composition of cumin fruits
a. Essential oil percentage
The essential oil percentage of Cuminum cyminum fruits as
influenced by gamma irradiation and storage periods in different
packages materials are presented in Table (3). Regarding the effect of
irradiation doses, the results show that unirradiated fruits of cumin
resulted in the highest significant essential oil percentage content (4.48
%), while using 5, 10 or 15 KGy resulted in the lowest significant
content of essential oil percentage (4.10, 4.20 and 4.18 %) respectively.
Table 3. Effect of γ-irradiation, storage periods in different package
materials and their interaction on essential oil (%) of cumin
fruits.
Essential oil (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

4.00 gh

4.80 cd

4.40 ef

4.30 e-g

4.38 ab

3 months in cot.

5.40 a

4.80 cd

3.20 i

4.20 e-g

4.40 ab

6 months in cot.

4.90 bc

3.30 i

3.30 i

4.00 gh

3.88 c

0 months in pol.

4.00 gh

3.20 i

3.80 h

4.80 cd

3.95 c

3 months in pol.

4.10 f-h

4.40 ef

5.20 ab

4.40 ef

4.53 a

6 months in pol.

4.50 de

4.10 f-h

5.30 a

3.40 i

4.33 b

Mean

4.48 a

4.10 b

4.20 b

4.18 b

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

The highest significant content of essential oil percentage (4.53
%) was recorded when the cumin fruits stored in polyethylene bags for
3 months, followed without significant differences by non-stored fruits
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packed in cotton packages (4.38%) and stored fruits for 3 months in
cotton packages (4.40%). The lowest content was obtained from fruits
stored for 6 months in cotton packages (3.88 %).
The interaction between gamma irradiation and storage periods
in different package materials show a significant effect on essential oil
percentage of cumin fruits. The highest significant value of essential oil
percentage of cumin fruits (5.40 and 5.30 %) was obtained from fruits
stored for 3 months in cotton packages without gamma irradiation or
stored ones for 6 months in polyethylene and irradiated with gamma
rays at 10 KGy, respectively. On the other hand, 3 months stored fruits
packed in polyethylene and treated with gamma rays at 10 KGy
insignificantly came in the second position (5.20%).
It could be noticed that gamma irradiation caused a remarkable
decrease in essential oil percentage of cumin fruits, these results were
in agreement with those obtained by Farkas et al. (1973) and Toru et al.
(1993) as they found that gamma irradiation doses up to 1.5 M-rad did
not alter the essential oil percentage of several spices. Also, El-Khawas
(1995) stated that gamma irradiation doses up to 3 M-rad did not affect
the essential oil content of anise and fennel seeds. On the other hand
Abdel-Wahab (2009) showed that lovage fruits volatile oil% and oil
yield were increased by low gamma doses particularly at 60 Gy. Also,
storage for long periods caused a clear decrease in essential oil%,
Awad (1977) mentioned that the differences in essential oil of
coriander occurred during storage might be due to the oxidation and
resinfication of a great portion of hydrocarbons (which became nonvolatile).
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b. Essential oil constituents
The essential oil components of Cuminum cyminum fruits as
influenced by gamma irradiation and storage periods in different types
of packages are presented in Table (4) and Figs. (1-23).
Concerning Cuminaldehyde (as the main component), un-stored
polyethylene packed fruits presented the highest content (27.49%)
when irradiated with gamma rays at 15 KGy followed with untreated
fruits packed in cotton or polyethylene bags, which presented the
second highest value (27.10%). A declining trend was observed as a
result to prolonging the storage periods up to 6 months, which recorded
the second highest value (26.89%) when irradiation of polyethylene
packed fruits at 10 KGy was done. While, the lowest value recorded
(0.34 %) when stored cotton bags packed fruits for 6 months without
irradiation. In contrary, the latest mentioned treatment presented the
highest β-pinene (35.94%) and Lemonine (20.21%) values. These
results were in agreement with those of Georgeiv and Khazdzhiiki
(1970) on cumin fruits essential oil.
Untreated fruits packed in cotton or polyethylene bags presented
the highest value (5.98%) of Perillaaldehyde. On the contrary,
Lemonine,

Benzelaldehyde, Anisaldehyde and Hexadene increased

due to storage for 6 months in most cases. While, β-myrcene showed
some fluctuations in response to storage periods.
Similar results were conducted on limonine by El Tobgy (1999)
on anise and fennel as he stated that limonine showed an increasing
trend due to storage up to 6 months.
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Cyclohexene

Cuminaldehyde

Cuminalcohol

α-terpineol

γ-terpinene

22.35 2.72 3.56 4.37 8.79 1.27 4.69 27.10 0.12

W.S.+cot.+5Irr. 0.29 0.83

-

-

14.96

W.S.+cot.+10Irr. 0.39 1.19

5.20

-

-

-

0.75 13.04 0.39

-

1.56 19.47 0.58 5.48

-

-

-

0.99 17.60 0.37

W.S.+cot.+15Irr. 0.46 1.45

-

1.66 23.66 0.31 17.25

-

-

-

0.98 10.79 0.36

3m.+cot.+0Irr.

0.41 1.11

-

1.29 18.07 0.37 10.34

-

-

-

-

18.01 0.57

3m.+cot.+5Irr.

0.32 1.40

-

1.73 20.66 0.29 11.28

-

-

-

-

22.47 0.40

3m.+cot.+10Irr. 0.35 1.05

-

1.11 17.18 0.20 12.93

-

-

-

3m.+cot.+15Irr. 0.22 0.72

-

0.96 12.63 0.29 7.25

-

-

-

-

14.82 0.38

1.93

-

2.69 35.94 0.38 20.21

-

-

-

-

0.34 0.26

0.31 0.83

-

1.06 13.99 0.43 7.15 0.45 0.23

-

-

16.14 0.50

-

1.71 23.13 0.24 12.15

-

-

25.66 0.28

6m.+cot.+15Irr. 0.28 0.81

-

1.04 15.05 0.38 7.41 0.62 0.24

-

-

16.70 0.29

W.S.+pol.+0Irr. 0.08

-

-

1.30

-

6m.+cot.+0Irr.
6m.+cot.+5Irr.

-

6m.+cot.+10Irr. 0.08

-

-

-

P-Cymene

-

Limonene

β-Myrcene

-

W.S.+cot.+0Irr. 0.08

β-Pinene

Camphene

-

Treatments

Octariene

α-Pinene

α-phellanderene

Table 4. Essential oil constituents of cumin fruits as affected by γirradiation and storage periods in different packages.
Essential oil components

-

-

0.66 13.61 0.73

22.35 2.72 3.56 4.37 8.79 1.27 4.69 27.10 0.12
-

-

23.18

-

W.S.+pol.+10Irr. 0.65 1.90 1.03 1.96 27.44 0.49 11.05 1.08 0.60

-

-

24.30

-

W.S.+pol.+15Irr. 0.82 2.11 0.39 2.49 34.15 0.67 12.18 1.20 0.53

-

-

27.49

-

-

-

-

19.37 0.21

W.S.+pol.+5Irr.

-

1.96 24.76 0.39 10.17

-

3m.+pol.+0Irr.

0.35 1.53

-

1.55 20.29 0.46 8.13

3m.+pol.+5Irr.

0.33 1.17

-

1.29 17.80 0.39 8.88 0.15

-

-

-

18.44 0.27

3m.+pol.+10Irr. 0.30 1.28

-

1.45 21.45 0.18 14.12

-

-

-

-

20.36 0.42

3m.+pol.+15Irr. 0.32 0.98

-

1.39 17.64 0.43 6.40

-

-

-

-

16.31

-

6m.+pol.+0Irr.

0.26 0.79

-

1.15 15.51 0.29 7.34

-

-

-

-

13.73

-

6m.+pol.+5Irr.

0.27 0.70

-

1.11 13.22 0.29 7.19

-

-

-

-

15.66 1.06

-

20.49 10.90 2.73 13.69 3.28

-

-

-

26.89

-

-

1.21 16.21 0.37 6.14 0Irr.: without irradiation
5Irr.: irradiation at 5 KGy
10Irr.: irradiation at 10 KGy
15Irr.: irradiation at 15 KGy

-

-

15.72

-

6m.+pol.+10Irr.

-

-

6m.+pol.+15Irr. 0.30 0.86
W.S.: without storage
3m.: 3 months storage
6m.: 6 months storage
Cot.: cotton packages
Pol.: polyethylene packages

-

-

Continued
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Table 4. Continued.

W.S.+cot.+10Irr. 3.90

-

Pentadecyn

23.82

Caryophyllene

-

α-Pharnesene

4.36

Octadiene

W.S.+cot.+5Irr.

2.09 12.87 3.71

dodecatriene

-

Undecene

-

Hexadine

Benzelaldhyde

5.98

Anise aldehyde

Undecyne

W.S.+cot.+0Irr.

Treatments

Pentene

Perilla aldehyde

Essential oil components

-

-

0.13

-

-

0.17

24.66 10.64 0.30 0.10 0.32

-

0.13 0.21

19.04 0.43 28.47

-

0.18 0.06 0.29

-

-

-

W.S.+cot.+15Irr. 5.22 1.01 23.21 0.30 13.10

-

0.12

-

-

0.12

-

0.18 0.13 0.33

-

-

-

2.82

-

23.47

3m.+cot.+5Irr.

3.22

-

3.10 0.84 12.48 15.87 5.32

-

3m.+cot.+10Irr.

3.50

-

27.60 0.49 17.76 2.52

-

-

3m.+cot.+15Irr.

1.90

-

23.89 5.15 30.82

-

6m.+cot.+0Irr.

5.30 0.53 0.40 0.62 21.63 8.49 0.42 0.29 0.57

6m.+cot.+5Irr.

2.13

-

23.37

6m.+cot.+10Irr.

1.71

-

0.52 0.20 7.85 9.02 16.01 0.33

6m.+cot.+15Irr.

1.72

-

23.61

W.S.+pol.+0Irr.

5.98

-

-

W.S.+pol.+5Irr.

-

-

22.90

-

3m.+cot.+0Irr.

6.33 3.89

-

-

32.31

-

-

-

0.17 0.14

0.17 0.26 0.15
-

0.17 0.48 0.33 0.12
-

0.42 0.20
-

-

-

0.39

-

-

-

-

0.58 0.17 0.36

12.42 19.31

-

-

0.12

-

-

-

2.09 12.87 3.71

-

-

0.13

-

-

0.17

-

11.55 3.92 11.85 0.12 0.37

-

-

0.21

-

8.21 2.26

W.S.+pol.+10Irr. 5.52

-

13.14

W.S.+pol.+15Irr. 3.88

-

7.13 6.96

3m.+pol.+0Irr.

3.12

-

4.54

3m.+pol.+5Irr.

2.06

-

19.18 2.17 14.47 12.93 0.16

-

0.31

-

-

-

3m.+pol.+10Irr. 4.32 0.65 0.13 0.69 24.14 10.06 0.45

-

-

-

-

-

-

-

-

-

0.37

-

-

-

-

-

-

-

-

-

-

20.68 8.86 9.47 0.20

-

0.59 0.14 0.51

3m.+pol.+15Irr. 2.24

-

19.81 14.82 19.66

-

-

-

-

-

-

-

6m.+pol.+0Irr.

2.64

-

22.60 15.88 19.81

-

-

-

-

-

-

-

6m.+pol.+5Irr.

2.74

-

17.27 14.19 18.05 4.65 3.42

-

-

-

-

0.18

6m.+pol.+10Irr. 1.15

-

11.00

-

-

0.48

-

0.05

-

-

-

-

-

0.10 9.24

6m.+pol.+15Irr. 2.16 - 20.62 13.00 23.41 W.S.: without storage
0Irr.: without irradiation
3m.: 3 months storage
5Irr.: irradiation at 5 KGy
6m.: 6 months storage
10Irr.: irradiation at 10 KGy
Cot.: cotton packages
15Irr.: irradiation at 15 KGy
Pol.: polyethylene packages
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Fig. 1. Essential oil constituents of untreated (control) cumin fruits.

Fig. 2. Essential oil constituents of cotton packed cumin fruits irradiated
at 5 KGy without storage.
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Fig. 3. Essential oil components of cotton packed cumin fruits irradiated
at 10 KGy without storage.

Fig. 4. Essential oil components of cotton packed cumin fruits irradiated
at 15 KGy without storage.
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Fig. 5. Essential oil components of cotton packed cumin fruits without
irradiation and stored for 3 months.

Fig. 6. Essential oil components of cotton packed cumin fruits irradiated
at 5 KGy and stored for 3 months.
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Fig. 7. Essential oil components of cotton packed cumin fruits irradiated
at 10 KGy and stored for 3 months.

Fig. 8. Essential oil components of cotton packed cumin fruits irradiated
at 15 KGy and stored for 3 months.
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Fig. 9. Essential oil components of cotton packed cumin fruits without
irradiation and stored for 6 months.

Fig. 10. Essential oil components of cotton packed cumin fruits
irradiated at 5 KGy and stored for 6 months.

53

Fig. 11. Essential oil components of cotton packed cumin fruits
irradiated at 10 KGy and stored for 6 months.

Fig. 12. Essential oil components of cotton packed cumin fruits
irradiated at 15 KGy and stored for 6 months.
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Fig. 13. Essential oil components of polyethylene packed cumin fruits
irradiated at 5 KGy without storages.

Fig. 14. Essential oil components of polyethylene packed cumin fruits
irradiated at 10 KGy without storages.
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Fig. 15. Essential oil components of polyethylene packed cumin fruits
irradiated at 15 KGy without storages.

Fig. 16. Essential oil components of polyethylene packed cumin fruits
without irradiated and storage for 3 months.
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Fig. 17. Essential oil components of polyethylene packed cumin fruits
irradiated at 5 KGy and storage for 3 months.

Fig. 18. Essential oil components of polyethylene packed cumin fruits
irradiated at 10 KGy and storage for 3 months.
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Fig. 19. Essential oil components of polyethylene packed cumin fruits
irradiated at 15 KGy and storage for 3 months.

Fig. 20. Essential oil components of polyethylene packed cumin fruits
without irradiation and storage for 6 months.
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Fig. 21. Essential oil components of polyethylene packed cumin fruits
irradiated at 5 KGy and storage for 6 months.

Fig. 22. Essential oil components of polyethylene packed cumin fruits
irradiated at 10 KGy and storage for 6 months.
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Fig. 23. Essential oil components of polyethylene packed cumin fruits
irradiated at 15 KGy and storage for 6 months.

Some components represented in γ-terpenene, p-cymene and αterpeniol existed in control sample but showed a sever declining effect
or disappeared in concern to storage periods and package materials.
On the other hand, β-myrcene, Undecyene, Dodecatriene, αPharnesene, Caryophellene and Pentadecyne disappeared in control
sample but were noticed in small amounts during storage periods.
It could be noticed that β-pinene, limonene and cuminaldehyde
was appeared with all treatments. While, Camphene disappeared with
all treatments but it was found in a small amounts when cumin fruits
packed in polyethylene pages then irradiated with gamma rays at 10 or
15 KGy, the values were 1.03 and 0.39%, respectively.
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In this concern, Octariene was presented in a small amounts
with using all treatments except with unirradiated packed in cotton
fruits then stored for 6 months, non-stored packed in polyethylene
package fruits when irradiated with gamma rays at 5 KGy and packed
in polyethylene package fruits when irradiated with gamma rays at 10
KGy then stored for 6 months.
As the results affected by gamma rays doses of samples packed
in polyethelene and cotton bags differed widely, concerning samples in
cotton bags, it was noticed that Cuminaldehyde decreased to some
extent due to increasing gamma radiation doses. While, β-pinene,
Perillaaldehyde, Anisaldehyde and Hexadene showed no clear trend as
a results of gamma radiation doses.
Similar results were stated by Georgeiv and Khazdzhiiki (1970)
on cumin fruits essential oil, El Khawas (1995) on cumin fruits
essential oil and

Emam (2001) who indicated that cuminaldehyde

decreased as a result of increasing gamma radiation doses.
While, El Hady (1982) on geranium and marjoram oils, Sidky
(1986) on fennel and cumin essential oils and Hassanin (2003) on
fennel cited that β-pinene, anisaldehyde and phyllandrene showed a
declining trend when increasing gamma radiation doses up to 15 KGy.
While,

Lemonine increased due to increasing gamma rays

doses. Contrarily, Undecene showed a reversible trend due to
increasing gamma radiation doses.
Similar results on limonine were recorded by Francis et al.
(1983) on geranium essential oil and Hassanin (2003) on fennel.
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On the other side, Cuminaldehyde, β-myrcine, Lemonine and
Pentene of samples in polyethylene bags showed increasing trend due
to increasing gamma rays doses. While, Perillaaldehyde showed no
clear trend due to increasing the respective treatment.
c. Chemical composition of cumin fruits
1. Carbohydrates percentage
Data presented in Table (5) show the effect of gamma
irradiation, storage periods in different package materials and their
interaction on carbohydrate (%) of cumin fruits.

Data show that

exposed fruits to 10 KGy gave the highest significant value (29.03 %),
while using 15 KGy resulted in the lowest significant content (24.33
%).
Table 5. Effect of γ-irradiation, storage periods in different package
materials and their interaction on total carbohydrates (%) of
cumin fruits.
Carbohydrates (%)
Storage periods
and packages
0

Irradiation doses (KGy)
5
10

Mean

15

0 months in cot.

23.94 hi

16.00 k

29.61 a-e

26.63 e-h

24.05 c

3 months in cot.

28.36 b-g

28.12 b-g

32.44 a

29.07 a-f

29.50 a

6 months in cot.

31.56 a-c

25.44 f-h

28.58 a-f

24.50 g-i

27.52 ab

0 months in pol.

23.94 hi

27.45 d-h

31.92 ab

29.12 a-f

28.11 ab

3 months in pol.

29.07 a-f

26.43 e-h

30.79 a-d

19.26 jk

26.39 b

6 months in pol.

21.28 ij

27.85 c-h

20.84 ij

17.43 jk

21.85 d

Mean

26.36 b

25.22 bc

29.03 a

24.33 c

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Data illustrated that using cotton bags for 3 month storage
period led to produce the highest significant content of carbohydrates
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(29.50 %) followed without significant differences by 3 months stored
fruits in cotton or non-stored fruits in polyethylene (27.52 and 28.11%,
respectively). While, using polyethylene bags for 6 months resulted in
the lowest significant carbohydrates (21.85 %).
With the regard to the interaction effect, combined treatments of
3 month stored fruits packed in cotton bags and gamma irradiation at
10 KGy significantly gave the highest content of carbohydrates (32.44
%). Non-stored fruits packed in polyethylene packages and gamma
irradiation at 10 KGy insignificantly occupied the second position
(31.92). On the other hand, non-stored fruits packed in cotton bags and
irradiated with gamma irradiation at 5 KGy resulted in the lowest
significant content (16.00 %).
2. Nitrogen percentage
Data in Table (6) show that exposed cumin fruits to 5 KGy
resulted in the highest significant content of nitrogen (1.83 %) while
using 0 and 10 KGy resulted in the lowest content (1.73 and 1.72 %,
respectively).
Regarding the effect of storage periods in different package
materials, data show that the highest significant content of nitrogen
(1.94 and 1.93 %) were recorded with cumin fruits stored in cotton or
polyethylene bags for 6 months, respectively, while the lowest value
(1.56%) was recorded with non-stored cumin fruits packed in
polyethylene bags.
The interaction between gamma irradiation dose and storage
period in different package materials show that fruits stored in
polyethylene packages for 6 months without irradiation recorded the
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highest significant content of nitrogen (2.00 %). There were another
combined treatments share the previous treatment in its significance,
i.e. 3 or 6 months stored fruits packed in cotton bags without irradiation
(1.97 and 1.93%, respectively). While the irradiated by gamma rays at
10 KGy without storage and those unirradiated fruits packed in cotton
or polyethylene bags without storage showed the lowest content of
nitrogen (1.30, 1.33 and 1.33 %) respectively.
Table 6. Effect of γ-irradiation, storage periods in different package
materials and their interaction on N (%) of cumin fruits.
Storage periods
and packages

0

N (%)
Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

1.33 i

1.66 fg

1.70 ef

1.89 a-d

1.65 d

3 months in cot.

1.97 ab

1.90 a-d

1.56 gh

1.47 h

1.73 c

6 months in cot.

1.93 ab

1.91 a-c

1.93 ab

1.97 ab

1.94 a

0 months in pol.

1.33 i

1.79 de

1.30 i

1.80 c-e

1.56 e

3 months in pol.

1.80 c-e

1.80 cde

1.93 ab

1.61 fg

1.79 b

6 months in pol.

2.00 a

1.93 ab

1.88 b-d

1.93 ab

1.93 a

Mean

1.73 c

1.83 a

1.72 c

1.78 b

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

3. Potassium percentage
Tabulated data in Table (7) indicate that gamma irradiation at 5
KGy presented the highest significant K% as recorded 1.71%, followed
with significant difference by those exposed to gamma rays at 15 KGy
(1.65%). The lowest K% was recorded when fruits were not exposed to
gamma rays (1.59%).
There was a significant difference between different storage
periods in different package materials on K%. Non-stored fruits packed
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in cotton package presented the highest significant amount of K% as
recorded 1.69%, this was followed without significant difference by
non-stored fruits packed in polyethylene or 6 months stored ones in
polyethylene also as gave 1.65 and 1.68%, respectively.
Table 7. Effect of γ-irradiation, storage periods in different package
materials and their interaction on K (%) of cumin fruits.
K (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

1.60 c-g

1.73 ab

1.71 a-c

1.74 a

1.69 a

3 months in cot.

1.52 g

1.64 a-f

1.54 fg

1.58 d-g

1.57 d

6 months in cot.

1.57 d-g

1.71 a-c

1.55 e-g

1.55 e-g

1.60 cd

0 months in pol.

1.60 c-g

1.74 a

1.60 c-g

1.67 a-d

1.65 ab

3 months in pol.

1.62 b-g

1.71 a-c

1.55 e-g

1.66 a-e

1.63 bc

6 months in pol.

1.61 c-g

1.73 a

1.70 a-c

1.68 a-d

1.68 ab

1.59 c

1.71 a

1.61 bc

1.65 b

Mean

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

The combined treatments of gamma irradiation and storage
period in different packages show a great influence on K% of cumin
fruits. It can be observed that non-stored fruits packed in cotton
package and exposed to gamma irradiation at 5 or 15 KGy, non-stored
fruits packed in polyethylene then treated with gamma irradiation at 5
KGy or 6 months stored ones packed in polyethylene in addition to
gamma irradiation at 5 KGy presented the highest significant K%, the
values were 1.73, 1.74, 1.74 and 1.73%, respectively.
4. Calcium percentage
As shown in Table (8), irradiated fruits with gamma rays at 10
KGy presented the highest significant Ca% (0.25%), this was followed
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without significant difference by 0 or 15 KGy as registered 0.15 and
0.14%, respectively. The lowest Ca% was recorded by gamma rays at 5
KGy (0.11%).
Table 8. Effect of γ-irradiation, storage periods in different package
materials and their interaction on Ca (%) of cumin fruits.
Ca (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

0.10 b

0.09 b

0.13 b

0.37 ab

0.17 a

3 months in cot.

0.37 ab

0.11 b

0.39 ab

0.09 b

0.24 a

6 months in cot.

0.10 b

0.11 b

0.12 b

0.08 b

0.10 a

0 months in pol.

0.10 b

0.12 b

0.66 a

0.10 b

0.25 a

3 months in pol.

0.10 b

0.11 b

0.09 b

0.09 b

0.10 a

6 months in pol.

0.11 b

0.11 b

0.09 b

0.11 b

0.11 a

Mean

0.15 ab

0.11 b

0.25 a

0.14 ab

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

No significant effect of storage period in different package
materials on Ca% was observed. Non-stored fruits packed in
polyethylene packages presented the highest insignificant value as
registered 0.25%.
Regarding the interaction effect of gamma irradiation and
storage periods in different package materials, tabulated data show that
non-stored fruits packed in polyethylene in addition to gamma
irradiation at 10 KGy presented the highest significant Ca% as recorded
(0.66%). Which is followed without significant differences by nonstored fruits packed in cotton + gamma irradiation at 15 KGy and 3
months stored ones in cotton package + gamma irradiation at 0 or 10
KGy (0.37, 0.37 and 0.39, respectively).
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5. Sodium percentage
Data in Table (9) show that gamma irradiation at 5 KGy
presented the highest Na% as recorded 0.059%, un-irradiant fruits
came at the second position as recorded 0.050%. On the other hand the
lowest Na% was recorded when cumin fruits were exposed to gamma
rays at 15 KGy (0.045%).
Table 9. Effect of γ-irradiation, storage periods in different package
materials and their interaction on Na (%) of cumin fruits.
Na (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

0.062 bc

0.046 e-i

0.047 d-i

0.048 d-i

0.051 b

3 months in cot.

0.037 ij

0.061 bc

0.038 h-j

0.032 j

0.042 c

6 months in cot.

0.048 d-h

0.070 ab

0.046 e-i

0.050 d-g

0.054 ab

0 months in pol.

0.062 bc

0.043 f-i

0.054 c-e

0.039 h-j

0.049 b

3 months in pol.

0.050 d-g

0.079 a

0.039 h-j

0.057 cd

0.056 a

6 months in pol.

0.042 g-j

0.052 c-f

0.057 cd

0.044 e-i

0.049 b

0.050 b

0.059 a

0.047 bc

0.045 c

Mean

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

A significant effect was observed as a result to using different
storage periods in different package materials on Na%. Stored fruits for
3 months in polyethylene packages presented the highest Na% as
recorded 0.056%, followed without significant difference by 6 months
stored fruits in cotton packages (0.054%). The lowest Na% was
recorded when fruits were stored for 3 months in cotton package.
Combined treatments of gamma irradiation and storage period in
different package materials show a significant effect on Na%. Stored
fruits for 3 months in polyethylene packages and exposed them to
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gamma rays at 5 KGy produced the highest Na% (0.079%), this was
followed without significant differences by 6 months stored fruits in
cotton packages and exposed to gamma rays at 5 KGy (0.070%). The
lowest Na% was recorded when cumin fruits were stored for 3 months
in cotton package and treated with gamma irradiation at 15 KGy
(0.032%).
6. Protein percentage
Data in Table (10) represent that the highest significant content
of protein (11.46 %) was recoded when cumin fruits were exposed to
gamma rays at 5 KGy, compared with the unirradiated fruits or
irradiated ones at 10 KGy which recorded the lowest content of protein
(10.80 and 10.73 %, respectively).
Table 10. Effect of γ-irradiation, storage periods in different package
materials and their interaction on protein (%) of cumin fruits.
Protein (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

8.33 h

10.40 ef

10.64 de

11.83 a-c

10.30 c

3 months in cot.

12.33 a

11.90 a-c

9.74 fg

9.21 g

10.79 b

6 months in cot.

12.07 a

11.95 ab

12.07 a

12.35 a

12.11 a

0 months in pol.

8.33 h

11.19 cd

8.14 h

11.26 b-d

9.73 d

3 months in pol.

11.26 b-d

11.26 b-d

12.07 a

10.05 ef

11.16 b

6 months in pol.

12.50 a

12.07 a

11.74 a-c

12.07 a

12.09 a

Mean

10.80 c

11.46 a

10.73 c

11.13 b

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Regarding the effect of storage periods in different package
materials, data show that 6 months stored cumin fruits packed in cotton
or polyethylene bags recorded the maximum significant content of
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protein as recorded 12.11 and 12.09 %, respectively. Non-stored fruits
packed in polyethylene presented the lowest significant record (9.73%).
With regard to the interaction effect, the highest significant
contents of protein in cumin fruits was resulted by applied more than
one interaction treatments, the values ranged from (12.07 to 12.50 %).
The highest value was recorded with cumin fruits stored for 6 months
in polyethylene bags without irradiation. On the other hand the lowest
significant value (8.33%) of protein content was recorded with
unirradiated cumin fruits in polyethylene bags without storage.
7. Amino acids percentage
Tabulated data in Table (11) demonstrate the effect of gamma
irradiation doses and storage periods in different package materials and
their interaction on free amino acids of cumin fruits (fruits).
Table 11. Effect of γ-irradiation, storage periods in different package
materials and their interaction on free amino acids (%) of
cumin fruits.
Amino acids (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

0.28 i

0.42 e-g

0.54 cd

0.55 cd

0.45 a

3 months in cot.

0.26 i

0.39 fg

0.64 ab

0.57 bc

0.47 a

6 months in cot.

0.24 i

0.43 e-g

0.64 ab

0.49 c-e

0.45 a

0 months in pol.

0.28 i

0.38 f-h

0.67 a

0.50 c-e

0.46 a

3 months in pol.

0.37 gh

0.43 e-g

0.54 cd

0.49 c-e

0.46 a

6 months in pol.

0.30 hi

0.54 cd

0.54 cd

0.46 d-f

0.46 a

Mean

0.29 d

0.43 c

0.59 a

0.51 b

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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Regarding the effect of gamma irradiation doses, data show that
exposed cumin fruits to 10 KGy resulted in the highest significant free
amino acids value (0.59 %), while unirradiated fruits resulted in the
lowest content of free amino acids (0.29 %).
Data also show that the storage period in different package
materials has insignificant effect on free amino acids, fruits stored for 3
months in cotton bags presented the highest insignificant amino acids
content (0.47 %).
The effect of interaction between gamma irradiation doses and
storage periods in different package materials was significant. The
results show that the highest significant content of free amino acids
(0.67 %) was recorded with non-stored fruits packed in polyethylene
packages then irradiated by gamma rays at 10 KGy. Three or six
month-stored fruits packed in cotton packages and irradiated with
gamma rays at 10 KGy insignificantly occupied the second position
(0.64% for each one). On the other hand, 6 months stored fruits in
cotton bags without irradiation recorded the lowest content of amino
acids (0.24 %).
8. Total indoles percentage
Data presented in Table (12) show a significant influence due to
using different rates of gamma rays. Cumin fruits treated with gamma
rays at 15 KGy produced the highest indoles content (0.009 %)
followed with significant difference by gamma irradiation at 5 or 10
KGy, which produced 0.007 and 0.008%, respectively. On the other
hand, unexposed fruits to gamma rays produced the lowest indoles
content (0.006%).
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Table 12. Effect of γ-irradiation, storage periods in different package
materials and their interaction on indoles (%) of cumin fruits.
Indoles (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

0.007 a

0.007 a

0.009 a

0.009 a

0.008 a

3 months in cot.

0.006 a

0.009 a

0.006 a

0.008 a

0.007 a

6 months in cot.

0.006 a

0.005 a

0.007 a

0.010 a

0.007 a

0 months in pol.

0.007 a

0.005 a

0.007 a

0.009 a

0.007 a

3 months in pol.

0.005 a

0.006 a

0.007 a

0.010 a

0.007 a

6 months in pol.

0.006 a

0.008 a

0.010 a

0.008 a

0.008 a

Mean

0.006 b

0.007 ab

0.008 ab

0.009 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

No significant effects were observed of storage periods in
different package materials on total indoles. fruits packed in cotton
package without storage or packed in polyethylene and stored for 6
months produced the highest insignificant value (0.008 %).
Concerning the interaction between gamma irradiation doses
and storage period in different package materials, data show that no
significant effect was observed between different interaction treatments
on amino acid content. Fruits stored for 6 months in cotton package or
for 3 months in polyethylene one combined with gamma rays at 15
KGy, or stored for 6 monthes in polyethylene package and treated with
gamma rays at 10 KGy presented the highest insignificant values as
recorded 0.010% for each one from these three mentioned treatments.
9. Total phenols percentage
As shown in Table (13) the highest content of phenols in cumin
fruits was recorded by gamma irradiation at 15 KGy as recorded
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0.56%. The lowest value (0.45 %) was recorded with unirradiated
fruits.
Table 13. Effect of γ-irradiation, storage periods in different package
materials and their interaction on phenols (%) of cumin fruits.
Phenols (%)
Storage periods
and packages

0

Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

0.50 g-i

0.50 gh

0.32 k

0.65 bc

0.49 c

3 months in cot.

0.37 jk

0.53 fg

0.37 jk

0.46 hi

0.43 e

6 months in cot.

0.39 j

0.73 a

0.59 de

0.54 e-g

0.56 a

0 months in pol.

0.50 g-i

0.45 hi

0.45 i

0.46 hi

0.47 d

3 months in pol.

0.54 e-g

0.35 jk

0.61 cd

0.68 ab

0.55 ab

6 months in pol.

0.38 j

0.50 gh

0.65 bc

0.56 d-f

0.53 b

Mean

0.45 c

0.51 b

0.50 b

0.56 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Data also show that total phenols of cumin fruits significantly
affected by different storage periods in different package materials.
Cumin fruits produced a considerable high significant content of
phenols (0.56 and 0.55%) when stored for 6 months in cotton packages
or for 3 months in polyethylene ones compared with (0.43 %) for the
stored fruits for 3 months packed in cotton package.
Concerning the effect of interaction, the highest significant
record of total phenols (0.73 %) was recorded with 6 months stored
fruits in cotton bags and irradiated by gamma rays at 5 KGy. This was
followed without significant difference by 3 months stored fruits,
which were packed in polyethylene packages and exposed, to gamma
rays at 15 KGy (0.68%). On the other hand, the lowest phenol content
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(0.32%) was recorded with non-stored fruits packed in cotton bags and
irradiated by 10 KGy.
Effect of γ-irradiation on chemical composition of the treated
materials was presented by many authors. Lorenzo et al. (1983)
investigated the effects of γ-irradiation on rice grain. He found that
increasing irradiation increased total and reducing sugar contents. El
Shebawy (1984) showed that total nitrogen content in irradiated broad
bean slightly decreased in comparison with un-irradiated sample.
Elevation of these decreases was noticed by the rise of irradiation
doses. These results may be attributed to degradation effect of gamma
irradiation on the amino acids composition of broad bean. El-Sherbeny
et al. (1997) found that irradiation treatments with gamma irradiation
from 1 - 8 K-rad generally increased carbohydrate contents of Hibiscus
sabdariffa sepals. El-Mesiry and Azza (2000) investigated that the
optimum level of irradiation to obtain the best chemical composition (N
and K %) of anise was 5 or 10 KGy. Gaber et al. (2002) found that
treatment of faba beans with gamma radiation increased their
carbohydrate content significantly. Low (250 rad) and high (2500 and
5000 rad) dosages of gamma irradiation caused significant reduction in
the protein content of the seeds; whereas dosages of 500 and 1000 rad
led to an increase in the protein content of the seeds. A marked increase
in the endogenous hormones, i.e. auxins were recorded of the gamma
irradiation with dosages of 250, 500 or 1000 rad. Hassanein (2003) on
Foeniculum vulgare indicated that gamma ray doses of 250, 500, 750,
1000, 1250 and 1500 rad increased the contents of N and K compared
with control. El-Tantawy et al. (2005) conducted two irradiation trials
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to study the effect of gamma irradiation doses ranging from 1 to 25
KGy on seed germination and seedling growth of (Pinus pinea,
Cupressus sempervirens, Khaya senegalensis, Azadirachta indica and
Jatropha curcas). The exposure at 5 and 10 KGy doses resulted in the
highest values of total carbohydrate contents and total protein
percentages, which were also significantly increased in all seedlings in
both seasons. Moussa (2006) examined the changes in growth
parameters and certain metabolic activities in response to different
doses of γ-irradiation (0.0, 20, 50, 100 and 200 Gy) in rocket seedlings.
Total sugars, total free amino acids, total soluble phenols, total protein,
nitrogen and potassium increased significantly at the 20 Gy dose.
Rajeev et al. (2008) gamma irradiation of Mucuna pruriens seeds
resulted in a significant increase of crude protein at all doses. Sodium
was significantly decreased on irradiation at all the doses. AbdelWahab (2009) irradiated lovage fruits before sowing with gamma rays
at 0, 20, 40, 60 and 80 Gy. The results showed that low gamma doses
markedly increased levels and total contents of N and K in plant shoots.
Maity et al. (2009) the total protein and carbohydrate was decreased
with increasing dose compared to control samples of Oryza sativa and
Cicer arietinum. However, the soluble free amino acids of all the seeds
increased with increasing dose. The significant increase in total sugar
content could have been due to degradation of starch during postirradiation storage. Results reported in the literature on the effect of
irradiation on sugar content are ambiguous.
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2. Effect of gamma irradiation, storage periods in different
package materials and their interaction on antimicrobial
activity of cumin essential oil
a. Antibacterial activity
1. Staphylococcus aureus
Data on the effect of gamma irradiation, storage periods in
different packages on antibacterial activity of cumin essential oil
against Staphylococcus aureus are shown in Table (14). Comparison
among antibacterial activity of irradiation doses, indicated that oil from
fruits treated with 5 KGy resulted in the highest significant inhibition
of bacterial growth (16.72 mm), while the lowest inhibition (12.28 mm)
was obtained with 15 KGy. It could be noticed that there is a trend of
decreasing the antibacterial activity with increasing dose of irradiation
although there was no significant difference between 10 and 15 KGy.
Table 14. Effect of γ-irradiation, storage periods in different package
materials and their interaction on antibacterial activity of
cumin essential oil against Staphylococcus aureus (mm).
Storage periods
and packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

8.67 i-k

8.67 i-k

10.67 h-k

10.00 i-k

9.50 d

3 months in cot.

22.33 bc

19.33 c-e

15.00 e-h

6.33 k

15.75 ab

6 months in cot.

16.67 d-f

9.00 i-k

7.00 jk

24.67 b

14.33 b

0 months in pol.

8.67 i-k

13.00 f-i

15.33 e-g

11.33 g-j

12.08 c

3 months in pol.

9.33 i-k

43.33 a

9.33 i-k

8.33 jk

17.58 a

6 months in pol.

22.67 bc

7.00 jk

20.00 cd

13.00 f-i

15.67 ab

Mean

14.72 b

16.72 a

12.89 c

12.28 c

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

As for the effect of storage period and type of package material,
data show that the highest significant antibacterial activity, measured as
75

average of diffusions diameters (17.58 mm) was obtained when
bacteria was treated with oil extracted from 3 months stored fruits
packed in polyethylene bags. While, the lowest significant activity
(9.50 mm) was recorded by essential oil isolated from fruits stored in
cotton bags and used immediately after irradiation.
Regarding the interaction effect, all essential oils treatments
exhibited

different

degrees

of

antibacterial

activity

against

Staphylococcus aureus. The maximum antibacterial activity (43.33
mm) was observed by the treatment of oil extracted from fruits stored
in polyethylene packages for 3 months and irradiated with 5 KGy. The
essential oil treatments from 6 month stored fruits packed in cotton
bags and irradiated with 15 KGy, 6 month stored fruits packed in
polyethylene ones and that from 3 month stored fruits in cotton
packages without irradiation exhibited moderate antibacterial activity
as recorded 14.67, 22.67 and 22.33 mm respectively. Essential oil
treatments isolation from 3 months stored fruits packed in cotton bags
and irradiated with 15 KGy, 6 months stored ones packed in cotton
bags and irradiated with 10 KGy and 3 months stored fruits packed in
polyethylene pages irradiated with 15 KGy exhibited the lowest
significantly antibacterial activity; 6.33, 7.00 and 8.33 mm,
respectively.
2. Salmonella typhimurium
Data in Table (15) represent the effect of gamma irradiation,
storage periods in different package materials on antibacterial activity
of cumin essential oil against Salmonella typhimurium. As for the
effect of irradiation dose, data show that using 0, 5 and 10 KGy gave
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the highest significant values (13.28, 12.94 and 13.61 mm,
respectively), while using 15 KGy resulted in the lowest significant
value (10.22 mm).
Table 15. Effect of γ-irradiation, storage periods in different package
materials and their interaction on antibacterial activity of
cumin essential oil against Salmonella typhimurium (mm).
Storage periods
and packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

12.33 e-h

12.00 f-h

13.00 ef

0.00 j

9.33 e

3 months in cot.

10.00 hi

10.33 g-i

16.00 bc

8.33 i

11.17 d

6 months in cot.

15.67 b-d

12.67 e-g

12.33 e-h

8.33 i

12.25 cd

0 months in pol.

12.33 e-h

12.33 e-h

13.33 d-f

19.33 a

14.33 ab

3 months in pol.

12.33 e-h

14.67 b-e

14.33 c-f

12.00 f-h

13.33 bc

6 months in pol.

17.00 ab

15.67 b-d

12.67 e-g

13.33 d-f

14.67 a

Mean

13.28 a

12.94 a

13.61 a

10.22 b

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

In relation to the effect of storage period in different package
materials, data illustrated that using polyethylene bags for 6 monthstorage led to the highest significant antibacterial activity (14.67 mm),
while using cotton bags without storage time resulted in the lowest
significant average of inhibition (9.33 mm).
Concerning the effect of interaction, the antibacterial activity
was differently affected by all treatments. The greatest inhibition of
bacterial growth (19.33 mm) was recorded in treatments with essential
oil extracted from fruits packed in polyethylene bags and irradiated
with gamma irradiation at 15 KGy without storage followed by
treatments with essential oil isolated from stored fruits of 6 monthstorage in polyethylene without irradiation, which gave inhibition zone
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(17.00 mm). The oil from fruits stored in cotton bags and irradiated
with 15 KGy without storage time has no effect on bacterial growth
(0.00cm).
b. Antifungal activity
1. Aspergillus niger
Data in Table (16) represent the effect of gamma irradiation,
storage periods in different packages as antifungal activity of cumin
essential oil against Asperigillus niger. Regarding the effect of
irradiation, data show that exposed cumin fruits to the high dose (15
KGy) resulted in the highest significant antifungal activity of its
essential oil (13.94 mm). this was followed without significant
difference by gamma rays at 5 KGy (12.72 mm). While using zero and
10 KGy resulted in the lowest inhibition (12.33 and 11.89 mm,
respectively).
Table 16. Effect of γ-irradiation, storage periods in different package
materials and their interaction on antifungal activity of cumin
essential oil against Asperigillus niger (mm).
Storage periods
and packages
0 months in cot.
3 months in cot.
6 months in cot.
0 months in pol.
3 months in pol.
6 months in pol.
Mean

0
8.33 g-i
10.67 fg
8.33 g-i
8.33 g-i
16.00 bc
22.33 a
12.33 b

Inhibition zone (mm)
Irradiation doses (KGy)
5
10
10.67 fg
10.67 fg
6.33 i
14.33 b-e
10.00 f-h
7.00 hi
11.67 d-g 12.33 d-f
21.67 a
12.00 d-f
16.00 bc 15.00 b-d
12.72 ab
11.89 b

Mean
15
16.00 bc
11.00 e-g
13.33 c-f
13.00 c-f
17.67 b
12.67 c-f
13.94 a

11.42 b
10.58 bc
9.67 c
11.33 bc
16.83 a
16.50 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Data also showed that the maximum inhibition zone was
recorded by using essential oil isolated from 3 or 6 months stored
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cumin fruits packed in polyethylene bags which resulted in 16.83 and
16.50 mm, respectively). The lowest significant inhibition (9.67 mm)
was recorded by 6 months stored fruits packed in cotton package.
The interaction between gamma irradiation dose and storage
period in different package materials induced various level of
antifungal activity. Fruits stored in polyethylene packages for 6 months
without irradiation and those stored in the same type of package for 3
months with irradiation dose of 5 KGy exhibited the highest significant
antifungal activity (22.33 and 21.67 mm, respectively). While fruits
stored for 3 months in cotton package and exposed to 5 KGy of gamma
irradiation recorded the lowest diameter of inhibition zone of
Asperigillus niger (6.33 mm).
2. Penicillium digitatum
The data in Table (17) represent the effect of gamma irradiation,
storage periods in different package materials on antifungal activity of
cumin essential oil against Penicillium digitatum.
The results show that only high dose of gamma irradiation had a
significant effect on antifungal activity of cumin essential oil against
Penicillium digitatum. Oil extracted from fruits irradiated with 15 KGy
resulted in the highest significant antifungal activity (14.83 mm)
followed without significant difference by essential oil extracted from
fruits exposed to 10 KGy gamma rays (13.94 mm).
Essential oil isolated from fruits stored in cotton package for 6
months or stored for 3 months in polyethylene ones exhibited the
highest significant inhibition, which resulted in (17.08 and 16.17 mm,
respectively), while oil extracted from non-stored fruits packed in
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cotton bags or polyethylene package resulted in the lowest significant
fungal inhibition (8.59 and 9.50 mm, respectively).
Table 17. Effect of γ-irradiation, storage periods in different package
materials and their interaction on antifungal activity of cumin
essential oil against Penicillium digitatum (mm).
Storage periods
and packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

Mean
15

0 months in cot.

8.00 l-n

6.67 mn

11.33 h-k

8.33 k-n

8.58 c

3 months in cot.

7.67 l-n

21.67 ab

13.00 g-i

15.67 e-g

14.50 b

6 months in cot.

18.00 c-e

14.00 f-h

19.67 b-d

16.67 d-f

17.08 a

0 months in pol.

8.00 l-n

14.00 f-h

9.67 j-m

6.33 n

9.50 c

3 months in pol.

11.33 h-k

12.00 h-j

19.67 b-d

21.67 ab

16.17 a

6 months in pol.

23.33 a

0.00 o

10.33 i-l

20.33 a-c

13.50 b

Mean

12.72 b

11.39 c

13.94 ab

14.83 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

With regard to the interaction effect, combined treatments of
essential oil isolated from unirradiant, 6 months stored fruits packed in
polyethylene packages gave the highest significant inhibition zone
(23.33 mm). This was followed without significant differences by
essential oil extracted from 3 months stored fruits packed in cotton
packages and exposed to 5 KGy gamma rays (21.67 mm) and 3 months
stored fruits packed in polyethylene packages and treated with gamma
rays at 15 KGy (21.67 mm.).
c. Antiyeastal activity (Saccharomyces cerevisiae)
Data in Table (18) represent the effect of gamma irradiation,
storage periods in different package materials on antiyeastal activity of
cumin essential oils against yeast (Saccharomyces cerevisiae). The
effect of irradiation doses on antiyeastal activity of treated essential oil
80

indicate that the essential oil isolated from fruits treated with 10 KGy
resulted in the highest significant inhibition zone of yeast growth
(15.28 mm.), while the lowest inhibition value (12.89 mm.) was
obtained with oil of untreated fruits.
Table 18. Effect of γ-irradiation, storage periods in different package
materials and their interaction on antiyeastal activity of
cumin essential oil against Saccharomyces cerevisiae (mm).
Storage periods
and packages
0 months in cot.
3 months in cot.
6 months in cot.
0 months in pol.
3 months in pol.
6 months in pol.
Mean

0
10.67 jk
13.33 fg
13.00 f-h
10.67 jk
15.33 c-e
14.33 d-f
12.89 c

Inhibition zone (mm)
Irradiation doses (KGy)
5
10
13.33 fg
21.00 a
10.33 jk
12.67 g-i
18.33 b
9.67 k
11.33 ij
18.33 b
14.00 e-g 14.33 d-f
11.67 h-j
15.67 cd
13.17 bc
15.28 a

Mean
15
16.33 c
15.00 c-e
14.00 e-g
11.00 jk
11.33 ij
13.33 fg
13.50 b

15.33 a
12.83 c
13.75 b
12.83 c
13.75 b
13.75 b

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

As for the effect of storage period in different package materials,
data show that the highest significant inhibition zone (15.33 mm) was
obtained with applied essential oil extracted from non-stored fruits
packed in cotton bags. While the lowest inhibition zone (12.83 mm.)
was recorded with essential oils isolated from fruits stored for 3 months
in cotton bags and from non-stored fruits packed in polyethylene bags.
Concerning the effect of interaction, the antiyeastal activity was
differently affected by all treatments. The greatest inhibition of yeast
growth (21.00 mm) was recorded with essential oil extracted from
cumin fruits irradiated by gamma rays at 10 KGy packed in cotton
bags without storage. While the lowest value (9.67 mm.) was recorded
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with the essential oil extracted from fruits stored for 6 months in cotton
bags after irradiated by gamma rays at 10 KGy.
Various publications have documented the antimicrobial activity
of essential oil of C. cyminum. Nigam and Rao (1977) reported that oil
of C. cyminum was toxic to Aspergillus. Similarly, Singh (1998)
reported high antifungal activity of C. cyminum. Singh et al. (2002)
reported that C. cyminum is equally good or more effective when
compared with standard antibiotics, at a very low concentration. The oil
of all treatment tested exhibited different degrees of antifungal activity
against Aspergillus niger and Penicillium. Tacobellus et al. (2005)
reported antibacterial activity of C. cyminum L. against Gram-positive
and Gram-negative bacterial species. Leopold et al. (2005) stated that
antimicrobial testing of C. cyminum essential oil showed high activity
against the mold Aspergillus niger, the Gram (+) bacteria Bacillus
subtilis and Staphylococcus epidermidis as well as the yeast
Saccharomyces cerevisiae. Arici et al. (2007) reported that microbial
count of the samples black cumin decreased as the dose of irradiation
increased. It has been observed that total bacterial count as well as total
count of yeast and mould reduced to the undetectable limit. In the
contrary, Bansod and Rai (2008) reported that the oils of Cuminum
cyminum showed comparatively low activity against A. niger and A.
fumigatus as compared to control.
Nanasombat and Lohasupthawee (2005) reported that the oils of
cumin was highly inhibitory to the tested microbes so it may contain
potent antimicrobial compounds. The major constituents of cumin oils
are cuminaldehyde and monoterpene hydrocarbons (e.g. α-pinene, γ82

terpinene, p-cymene) in cumin oil. Such these compounds affect the
microbes growth as reported by many authors i.e. Uribe et al. (1985)
who reported that β-pinene inhibited the respiration of both intact cell
of Saccharomyces cerevisiae and its isolated mitochondria. This may
be the reason why kaffir lime peels showed greater antibacterial
activity than kaffir lime leaves. The positive role of irradiation in
increasing the antimicrobial activity of cumin fruits essential oil may be
due to its role in releasing some chemical components which
considered toxic against different microbes. Irradiation does not show
any thermal effect on the flavour compounds but via one of the
following reaction pathways, i.e. via oxidation or hydroxylation of the
aromatic ring of terpene, or via an indirect effect, which can generate
free radicals from the water contained in spices (Urbain, 1986). These
radicals can react with terpenes to produce terpene oxides and terpene
alcohols. Therefore, configurational changes can occur by high doses,
including changes in the position of the double bonds and the
functional groups to produced different compounds (Sadecka, 2010).

3. Effect of gamma irradiation, storage periods in different
package materials and their interaction on antimicrobial
activity of cumin fruit extracts
a. Antibacterial activity
1. Staphylococcus aureus
a. Effect of irradiation doses
Data presented in Table (19) show the effect of gamma
irradiation on antibacterial activity of cumin extract against
Staphylococcus aureus. Extracts from treated cumin fruits with gamma
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irradiation at 5, 10 and 15 KGy significantly recorded the highest
values (6.82, 6.77 and 6.64 mm, respectively) when compared with
unirradiated fruits (6.22 mm).
Table 19. Effect of γ-irradiation on antibacterial activity of cumin
extract against Staphylococcus aureus (mm).
Irradiation (KGy)

Inhibition zone (mm)

0

6.22 b

5

6.82 a

10

6.77 a

15

6.64 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

b. Effect of storage periods in different package materials
The data in Table (20) indicate the effect of storage periods in
different package materials on antibacterial activity of cumin extract
against Staphylococcus aureus.
Table 20. Effect of storage periods in different package materials on
antibacterial activity of cumin extract against Staphylococcus
aureus (mm).
Storage periods in
different packages

Inhibition zone (mm)

0 months in cot.

6.55 ab

3 months in cot.

6.45 b

6 months in cot.

6.58 ab

0 months in pol.

6.70 ab

3 months in pol.

6.63 ab

6 months in pol.

6.77 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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The highest significant inhibition zone was recorded from
extracts obtained cumin fruits packed in polyethylene bags and stored
for 6 months (6.77 mm). six months stored fruits packed in cotton, 0 or
3 months stored ones packed in polyethylene packages insignificantly
occupied the second position, the inhibition zone of its extracts were
6.58, 6.70 and 6.63, respectively. While extracts from fruits stored for 3
months in cotton bags recorded the lowest diameter of inhibition zone
(6.45 mm).
c. Effect of different cumin extract concentrations
Data tabulated in Table (21) reveal that the effect of cumin
extract concentration on antimicrobial activity against Staphylococcus
aureus was significant. The highest significant concentration of extract
(40000 ppm) resulted in the highest significant inhibition zone (9.46
mm). It can be observed that no inhibition zone was obtained without
applied cumin extract.
Table 21. Effect of cumin extract concentrations on antibacterial activity
of cumin extract against Staphylococcus aureus (mm).
Cumin extract
concentrations (ppm)
0

Inhibition zone (mm)
0.00 d

5000

7.68 c

10000

7.78 c

20000

8.15 b

40000

9.46 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

d. Effect of interaction between gamma irradiation doses and
storage periods in different package materials
Data presented in Table (22) show the effect of interaction
between gamma irradiation and storage periods in different packages
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on antibacterial activity of cumin extract against Staphylococcus
aureus. The highest significant values of inhibition zone (7.47 and 7.40
mm) were recorded with the extract from fruits packed in polyethylene
and exposed to gamma rays at 5 KGy without storage or with storage
for 6 months. While the lowest significant values (5.93 and 6.00 mm.)
were recorded with cumin extract from fruits stored in cotton and
polyethylene bags for 3 and 6 months without irradiation respectively.
Table 22. Effect of interaction between γ-irradiation and storage periods
in different package materials on antibacterial activity of
cumin extract against Staphylococcus aureus (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0 months in cot.

6.27 f-i

6.47 d-i

6.60 d-h

6.87 b-e

3 months in cot.

5.93 i

6.13 hi

6.73 c-g

7.00 a-d

6 months in cot.

6.20 g-i

6.60 d-h

6.73 c-g

6.80 c-f

0 months in pol.

6.27 f-i

7.47 a

6.67 d-h

6.40 e-i

3 months in pol.

6.67 d-h

6.87 b-e

6.60 d-h

6.40 e-i

6 months in pol.

6.00 i

7.40 ab

7.27 a-c

6.40 e-i

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

e. Effect of interaction between gamma irradiation doses and
cumin extract concentrations
Data in Table (23) represent the effect of interaction between
gamma irradiation and cumin extract concentration on antibacterial
activity of cumin extract against Staphylococcus aureus. Data show
that the cumin extract from exposed fruits to 5, 10 and 15 KGy resulted
in the highest significant values when combined with cumin extract at
40000 ppm (9.78, 9.61 and 9.50 mm, respectively). On the other hand
the lowest inhibition zone (7.17 mm) was recorded with unirradiated
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fruits combined with cumin extract at 5000 ppm. No inhibition zone
was observed when cumin extract was not applied.
Table 23. Effect of interaction between γ-irradiation and cumin extract
concentrations on antibacterial activity of cumin extract
against Staphylococcus aureus (mm).
Cumin extract
concentrations
(ppm)

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0

0.00 g

0.00 g

0.00 g

0.00 g

5000

7.17 f

8.06 cd

7.72 de

7.78 d

10000

7.22 ef

8.06 cd

7.94 d

7.89 d

20000

7.78 d

8.22 cd

8.56 bc

8.06 cd

40000

8.94 b

9.78 a

9.61 a

9.50 a

* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

f. Effect of interaction between storage periods in different
package materials and cumin extract concentrations
As presents in Table (24) the effect of interaction between
storage periods in different packages and cumin extract concentration
on antibacterial activity of cumin extract against Staphylococcus aureus
was significant. Storage period in two types of package materials
significantly presented the highest antibacterial activity when combined
with 40000 ppm of cumin extract without significant effect among
them. Among these treatments, 6 months stored fruits packed in cotton
packages or non-stored fruits packed in polyethylene in combination
with 40000 ppm of cumin extract (9.67 mm for each treatment). On the
other hand, 5000 ppm of cumin extract prepared from 6 months stored
fruits packed in cotton bags gave the lowest significant average of
inhibition (7.42 mm). Using different storage periods and different
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package materials without cumin extract (0 ppm) do not produce any
inhibition zone.
Table 24. Effect of interaction between storage periods in different
package materials and cumin extract concentrations on
antibacterial activity of cumin extract against Staphylococcus
aureus (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Cumin extract concentrations (ppm)
5000
10000
20000
40000

0 months in cot.

0.00 g

7.75 c-f

7.67 d-f

8.00 b-f

9.33 a

3 months in cot.

0.00 g

7.50 ef

7.50 ef

7.67 d-f

9.58 a

6 months in cot.

0.00 g

7.42 f

7.50 ef

8.33 bc

9.67 a

0 months in pol.

0.00 g

7.92 b-f

7.75 c-f

8.17 b-d

9.67 a

3 months in pol.

0.00 g

7.67 d-f

8.08 b-e

8.33 bc

9.08 a

6 months in pol.

0.00 g

7.83 b-f

8.17 b-d

8.42 b

9.42 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

g. Effect of interaction between gamma irradiation doses,
storage periods in different package materials and cumin
extract concentrations
Table (25) declare that cumin extract at 40000 ppm show
antimicrobial activity against Staphylococcus aureus and recorded the
highest significant value (10.67 mm.) when its source fruits were
packed in polyethylene bags and irradiated with 5 KGy gamma rays
without storage. The same value was recorded by seeds packed in
cotton bags and irradiated with 15 KGy gamma rays then stored for 3
months. Regardless the effect of gamma irradiation dose or storage
periods in different package materials, no inhibition zones were
recorded without using cumin extract.
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Table 25. Effect of interaction between γ-irradiation, storage periods in
different package materials and cumin extract concentrations on
antibacterial activity of cumin extract against Staphylococcus
aureus (mm).
Inhibition zone (mm)
Irradiation Storage periods and
Cumin extract concentrations (ppm)
doses (KGy)
packages
0
5000
10000 20000 40000
0

5

10

15

0 months in cot.

0.00 k

7.33 h-j

7.33 h-j

8.00 f-i

8.67 d-g

3 months in cot.

0.00 k

6.67 j

6.67 j

6.67 j

9.67 a-d

6 months in cot.

0.00 k

6.67 j

7.00 ij

8.00 f-i

9.33 b-e

0 months in pol.

0.00 k

7.33 h-j

7.33 h-j

8.00 f-i

8.67 d-g

3 months in pol.

0.00 k

7.67 g-j

7.67 g-j

8.67 d-g 9.33 b-e

6 months in pol.

0.00 k

7.33 h-j

7.33 h-j

7.33 h-j

8.00 f-i

0 months in cot.

0.00 k

7.33 h-j

7.33 h-j

8.00 f-i

9.67 a-d

3 months in cot.

0.00 k

7.33 h-j

7.67 g-j

7.33 h-j

8.33 e-h

6 months in cot.

0.00 k

7.33 h-j

7.67 g-j

8.00 f-i 10.00 a-c

0 months in pol.

0.00 k

9.33 b-e 8.33 e-h

3 months in pol.

0.00 k

8.33 e-h 8.33 e-h 8.33 e-h 9.33 b-e

6 months in pol.

0.00 k

8.67 d-g

9.00 c-f

8.67 d-g

0 months in cot.

0.00 k

8.00 f-i

8.00 f-i

8.33 e-h 8.67 d-g

3 months in cot.

0.00 k

8.00 f-i

7.67 g-j

8.33 e-h 9.67 a-d

6 months in cot.

0.00 k

7.33 h-j

7.33 h-j

9.00 c-f 10.00 a-c

0 months in pol.

0.00 k

7.67 g-j

8.00 f-i

8.00 f-i

3 months in pol.

0.00 k

7.33 h-j

8.00 f-i

8.33 e-h 9.33 b-e

6 months in pol.

0.00 k

8.00 f-i

8.67 d-g 9.33 b-e 10.33 ab

0 months in cot.

0.00 k

8.33 e-h

8.00 f-i

7.67 g-j 10.33 ab

3 months in cot.

0.00 k

8.00 f-i

8.00 f-i

8.33 e-h

6 months in cot.

0.00 k

8.33 e-h

8.00 f-i

8.33 e-h 9.33 b-e

0 months in pol.

0.00 k

7.33 h-j

7.33 h-j

7.67 g-j

9.67 a-d

3 months in pol.

0.00 k

7.33 h-j

8.33 e-h

8.00 f-i

8.33 e-h

9.00 c-f

10.67 a
10.67 a

9.67 a-d

10.67 a

0.00 k 7.33 h-j 7.67 g-j 8.33 e-h 8.67 d-g
6 months in pol.
* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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2. Salmonella typhimurium
a. Effect of irradiation doses
Data presented in Table (26) show that the effect of irradiation
dose was significant on inhibition zone of Salmonella typhimurium as
affected by cumin fruits extracts which treated with different irradiation
doses. Treated cumin fruits with gamma rays at 5 KGy significantly
recorded the highest value (11.14 mm.) when compared with 0, 10 and
15 KGy which recorded (9.57, 10.69 and 7.86 mm.) respectively.
Table 26. Effect of γ-irradiation on antibacterial activity of cumin
extract against Salmonella typhimurium (mm).
Irradiation (KGy)

Inhibition zone (mm)

0

9.57 c

5

11.14 a

10

10.69 b

15

7.86 d

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

b. Effect of storage periods in different package materials
All storage periods in different package materials possessed
antimicrobial effect against all isolated of Salmonella typhimurium, as
shown in Table (27). The highest significant values (10.67 mm) was
recorded with cumin fruits stored for 6 months in cotton bags, this was
followed without significant effect by fruits packed in cotton bags
without storage (10.60 mm). The lowest values (9.17, 9.17 and 9.42
mm) were recorded with cumin fruits when they were stored for 0, 3
and 6 months in polyethylene bags respectively.
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Table 27. Effect of storage periods in different package materials on
antibacterial activity of cumin extract against Salmonella
typhimurium (mm).
Storage periods in
different package
materials
0 months in cot.

Inhibition zone (mm)
10.60 a

3 months in cot.

9.87 b

6 months in cot.

10.67 a

0 months in pol.

9.17 c

3 months in pol.

9.17 c

6 months in pol.

9.42 bc

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

c. Effect of different cumin extract concentrations
Data presented in Table (28) show that the effect of cumin
extract concentration on antibacterial activity against Salmonella
typhimurium was significant. The maximum value of antibacterial
activity (11.58 mm) was obtained by cumin extract at 40000 ppm.
While the lowest significant value of inhibition zone was recorded
without cumin extract application (7.82 mm).
Table 28. Effect of cumin extract concentrations on antibacterial activity
of cumin extract against Salmonella typhimurium (mm).
Cumin extract
concentrations (ppm)

Inhibition zone (mm)

0

7.82 d

5000

9.33 c

10000

9.95 b

20000

10.39 b

40000

11.58 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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d. Effect of interaction between gamma irradiation doses and
storage periods in different package materials
Table (29) represent the effect of interaction between
gamma irradiation and storage periods in different package
materials

on

antibacterial

activity

of

cumin

extract

against

Salmonella typhimurium. Data showed that the storage period,
type of package material and gamma irradiation doses had
significant effect on antimicrobial activity.
Table 29. Effect of interaction between γ-irradiation and storage periods
in different package materials on antibacterial activity of
cumin extract against Salmonella typhimurium (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0 months in cot.

9.13 fg

11.40 a

11.13 ab

10.73 a-d

3 months in cot.

9.13 fg

10.87 a-d

10.07 c-f

9.40 e-g

6 months in cot.

11.27 ab

11.60 a

11.00 a-c

8.80 g

0 months in pol.

9.13 fg

11.53 a

10.73 a-d

5.27 i

3 months in pol.

8.40 g

10.67 a-d

11.33 ab

6.27 hi

6 months in pol.

10.33 b-e

10.80 a-d

9.87 d-f

6.67 h

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Maximum inhibition zones (11.40, 11.60 and 11.53 mm.)
were recorded by cumin fruits treated with gamma rays at 5
KGy when packed in cotton bags without storage, stored for 6
months or fruits packed in polyethylene bags, respectively. This
was followed without significant difference by fruits treated
with gamma rays at 10 KGy after packed in cotton bags without
storage (11.13 mm), unirradiated fruits packed in cotton bags
and stored for 6 months (11.27 mm) and irradiated ones with
92

gamma rays at 10 KGy after packed in polyethylene bags and
stored for 3 months (11.33). The minimum inhibition zone
(5.27mm)

was

recorded

with

fruits

irradiated

by

gamma

radiation at 15 KGy packed in polyethylene bags without
storage.
e. Effect of interaction between gamma irradiation doses and
cumin extract concentrations
Effect of interaction between gamma irradiation and cumin
extract on antimicrobial activity of cumin extract against Salmonella
typhimurium was significant as presented in Table (30). Cumin extract
at 40000 ppm which was extracted from fruits irradiated at 5 KGy
exhibited the highest significant value (13.33 mm). On the other hand,
the lowest inhibition zones were recorded when cumin extract was not
applied.
Table 30. Effect of interaction between γ-irradiation and cumin extract
concentrations on antibacterial activity of cumin extract
against Salmonella typhimurium (mm).
Cumin extract
concentrations
(ppm)
0

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

7.50 l

8.89 i-k

9.06 h-k

5.83 m

5000

9.00 h-k

10.56 e-g

9.83 gh

7.92 l

10000

9.67 g-i

11.00 d-f

10.89 d-f

8.25 j-l

20000

10.11 fg

11.94 bc

11.33 c-e

8.17 kl

40000

11.56 b-d

13.33 a

12.33 b

9.11 h-j

* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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f. Effect of interaction between storage periods in different
package materials and cumin extract concentrations
Data presented in Table (31) show that the effect of interaction
between storage periods in different packages and cumin extract
concentration on antimicrobial activity of cumin against Salmonella
typhimurium was significant. Data showed that cumin extract at 40000
ppm presented in the highest inhibition zone when fruits were packed
in cotton bags without storage or when they were stored for 6 months
in cotton bags, the results were (12.75 and 12.42 mm, respectively). In
this concern, the lowest inhibition zones were recorded when cumin
extract was not applied.

Table 31. Effect of interaction between storage periods in different
package materials and cumin extract concentrations on
antibacterial activity of cumin extract against Salmonella
typhimurium (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Cumin extract concentrations (ppm)
5000
10000
20000
40000

0 months in cot.

8.17 m-o

10.25 d-i

10.83 c-f

11.00 c-e

12.75 a

3 months in cot.

8.08 m-o

8.92 k-n

10.08 e-j

10.75 c-f

11.50 bc

6 months in cot.

8.42 l-o

10.54 c-h

10.71 c-g

11.25 cd

12.42 ab

0 months in pol.

6.83 p

9.00 j-n

9.42 h-l

9.58 g-k

11.00 c-e

3 months in pol.

7.50 op

8.25 m-o

9.17 i-m

10.00 e-k

10.92 c-e

6 months in pol.

7.92 n-p

9.00 j-n

9.50 h-l

9.75 f-k

10.92 c-e

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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g. Effect of interaction between gamma irradiation doses,
storage periods in different package materials and cumin
extract concentrations
Table (32) show the effect of interaction between gamma
irradiation storage periods in different packages and cumin extract
concentration on antibacterial activity of cumin extract against
Salmonella typhimurium. Data show that the highest significant
antibacterial activity, measured as average of diffusions diameters
(15.00 mm) was obtained when Salmonella typhimurium was treated
with cumin extract at 40000 ppm extracted from unirradiated fruits
sealed in cotton bags and storage for 6 months. This was followed
without significant differences by cumin extract at 40000 ppm
extracted

from fruits sealed in cotton or polyethylene bags and

irradiated by gamma rays at 5 KGy without storage (14.67 mm for each
one). All interaction treatments contained cumin extract at 0 ppm
presented the lowest values.
b. Antifungal activity
1. Aspergillus niger
a. Effect of irradiation doses
Data presented in Table (33) show the effect of gamma
irradiation on antifungal activity of cumin extract against Asperigillus
niger. Cumin extract extracted from irradiated fruits with gamma rays
at 10 KGy was recorded the highest significant value (8.98 mm), when
compared with unirradiated fruits (7.21 mm.).
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Table 32. Effect of interaction between γ-irradiation, storage periods in
different package materials and cumin extract concentrations on
antibacterial activity of cumin extract against Salmonella
typhimurium (mm).
Inhibition zone (mm)
Irradiation Storage periods and
Cumin extract concentrations (ppm)
doses (KGy)
packages
0
5000
10000 20000 40000
0

5

10

15

0 months in cot.

7.33 p-t

9.00 k-q 9.00 k-q

3 months in cot.

7.00 q-t

8.67 l-r

6 months in cot.

7.67 op-t 10.67 f-l 11.00 e-k 12.00 c-h 15.00 a

0 months in pol.

7.33 p-t

9.00 k-q 9.00 k-q

9.33 j-p 11.00 e-k

3 months in pol.

6.33 st

7.33 p-t

9.33 j-p 10.00 h-n

6 months in pol.

9.33 j-p

9.33 j-p 10.33 g-m 10.67 f-l 12.00 c-h

0 months in cot.

8.67 l-r

10.67 f-l 10.67 f-l 12.33 c-g 14.67 ab

3 months in cot.

9.33 j-p

9.67 i-o 10.67 f-l 12.33 c-g 12.33 c-g

6 months in cot.

8.33 m-s 11.67 d-i 12.00 c-h 12.67 b-f 13.33 a-d

0 months in pol.

10.00 h-n 10.33 g-m 11.33 d-j 11.33 d-j 14.67 ab

3 months in pol.

8.00 n-t 10.33 g-m 10.33 g-m 11.67 d-i 13.00 a-e

6 months in pol.

9.00 k-q 10.67 f-l 11.00 e-k 11.33 d-j 12.00 c-h

0 months in cot.

8.33 m-s 10.00 h-n 12.33 c-g 12.00 c-h 13.00 a-e

3 months in cot.

9.33 j-p

6 months in cot.

9.67 i-o 11.33 d-j 11.33 d-j 11.33 d-j 11.33 d-j

0 months in pol.

10.00 h-n 10.00 h-n 10.67 f-l 11.33 d-j 11.67 d-i

9.00 k-q

9.33 j-p 11.00 e-k

9.67 i-o 10.00 h-n 10.33 g-m

9.00 k-q

9.67 i-o 10.33 g-m 12.00 c-h

3 months in pol.

9.67 i-o

9.00 k-q 11.33 d-j 12.67 b-f 14.00 a-c

6 months in pol.

7.33 p-t

9.67 i-o 10.00 h-n 10.33 g-m 12.00 c-h

0 months in cot.

8.33 m-s 11.33 d-j 11.33 d-j 10.33 g-m 12.33 c-g

3 months in cot.

6.67 r-t

8.33 m-s 10.33 g-m 10.33 g-m 11.33 d-j

6 months in cot.

8.00 n-t

8.50 l-s

8.50 l-s

0 months in pol.

0.00 u

6.67 r-t

6.67 r-t

6.33 st

6.67 r-t

3 months in pol.

6.00 t

6.33 st

6.00 t

6.33 st

6.67 r-t

6 months in pol.

9.00 k-q 10.00 h-n

6.00 t
6.33 st 6.67 r-t 6.67 r-t 7.67 o-t
* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
. ..
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Table 33. Effect of γ-irradiation on antifungal activity of cumin extract
against Asperigillus niger (mm).
Irradiation (KGy)

Inhibition zone (mm)

0

7.21 d

5

8.52 b

10

8.98 a

15

8.09 c

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

b. Effect of storage periods in different package materials
Table (34) show that the storage periods in different package
materials has a significant effect on antifungal activity against
Asperigillus niger. The maximum inhibition zone was significantly
recorded with cumin extract from fruits packed in polyethylene bags
and stored for 3 and 6 months (8.42 and 8.55 mm, respectively).
Extracts which were extracted from fruits packed in cotton packages
then storage for 6 months or packed in polyethylene without storage
recorded the lowest diameter of inhibition zone (7.93 and 7.95 mm,
respectively).
Table 34. Effect of storage periods in different package materials on
antifungal activity of cumin extract against Asperigillus niger
(mm).
Storage periods in
different package
materials
0 months in cot.

Inhibition zone (mm)
8.23 bc

3 months in cot.

8.12 cd

6 months in cot.

7.93 d

0 months in pol.

7.95 d

3 months in pol.

8.42 ab

6 months in pol.

8.55 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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c. Effect of different cumin extract concentrations
Effect of cumin extract on antifungal activity against
Asperigillus niger was significant as shown in Table (35). The highest
concentration of the extract (40000 ppm) exhibited the highest
significant inhibition zone, which resulted (9.21 mm). The lowest
values (7.65 and 7.79 mm) were recorded without or with cumin
extract at 5000 ppm, respectively.
Table 35. Effect of cumin extract concentrations on antifungal activity of
cumin extract against Asperigillus niger (mm).
Cumin extract
concentrations (ppm)
0

Inhibition zone (mm)
7.65 c

5000

7.79 c

10000

8.18 b

20000

8.17 b

40000

9.21 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

d. Effect of interaction between gamma irradiation doses and
storage periods in different package materials
Data tabulated in Table (36) reveal that the effect of interaction
between gamma irradiation and storage periods in different packages
on antifungal activity of cumin extract against Asperigillus niger was
significant.
The maximum significant value (10.07 mm.) was recorded with
cumin extract from fruits irradiated by gamma rays at 5 KGy and stored
for 6 months in polyethylene packages. Unirradiated fruits which were
stored for 6 months in cotton or polyethylene packages recorded the
lowest significant inhibition zones (7.07 and 7.01 mm, respectively).

98

Table 36. Effect of interaction between γ-irradiation and storage periods
in different package materials on antifungal activity of cumin
extract against Asperigillus niger (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0 months in cot.

7.13 kl

7.33 j-l

9.60 b

8.87 de

3 months in cot.

7.60 ij

7.73 hi

8.33 f

8.80 e

6 months in cot.

7.07 l

8.00 f-h

9.20 cd

7.47 i-k

0 months in pol.

7.13 kl

8.93 de

8.27 f

7.47 i-k

3 months in pol.

7.33 j-l

9.07 de

9.47 bc

7.80 g-i

6 months in pol.

7.00 l

10.07 a

9.00 de

8.13 fg

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

e. Effect of interaction between gamma irradiation doses and
cumin extract concentrations
Data in Table (37) represent the effect of interaction between
gamma irradiation and cumin extract concentration on antifungal
activity of cumin extract against Asperigillus niger.
Table 37. Effect of interaction between γ-irradiation and cumin extract
concentrations on antifungal activity of cumin extract against
Asperigillus niger (mm).
Cumin extract
concentrations
(ppm)

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0

7.11 i

7.50 h

8.33 e

7.67 gh

5000

7.00 i

7.94 fg

8.72 d

7.50 h

10000

7.11 i

8.72 d

8.78 d

8.11 ef

20000

7.11 i

8.78 d

8.83 d

7.94 fg

40000

7.72 gh

9.67 b

10.22 a

9.22 c

* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Data show that the high concentration of extract (40000 ppm)
from fruits exposed to gamma rays at 10 KGy recorded the highest
significant value (10.22 mm). Unirradiated fruits combined with all
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extract concentration, except 40000 ppm, recorded the lowest
significant values (7.11, 7.00, 7.11 and 7.11 mm, respectively).
f. Effect of interaction between storage periods in different
package materials and cumin extract concentrations
Table (38) represent the effect of interaction between storage
periods in different packages and cumin extract concentration on
antifungal activity of cumin extract against Asperigillus niger. Data
show that cumin extract at 40000 ppm from fruits stored for 3 or 6
months in polyethylene bags recorded the highest value (9.67 and 9.50
mm, respectively). This was followed without significant difference by
cumin extract which was extracted from stored fruits for 3 months in
cotton packages as recorded 9.42 mm.
Table 38. Effect of interaction between storage periods in different
package materials and cumin extract concentrations on
antifungal activity of cumin extract against Asperigillus niger
(mm).
Storage periods and
packages

0

Inhibition zone (mm)
Cumin extract concentrations (ppm)
5000
10000
20000
40000

0 months in cot.

8.00 e-h

7.75 f-j

8.25 de

8.17 d-f

9.00 bc

3 months in cot.

7.25 k

7.67 g-k

8.08 e-g

8.17 d-f

9.42 ab

6 months in cot.

7.50 i-k

7.58 h-k

7.83 e-j

7.92 e-i

8.83 c

0 months in pol.

7.42 jk

7.42 jk

8.08 e-g

8.00 e-h

8.83 c

3 months in pol.

7.92 e-i

8.25 de

8.25 de

8.00 e-h

9.67 a

6 months in pol.

7.83 e-j

8.08 e-g

8.58 cd

8.75 c

9.50 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

g. Effect of interaction between gamma irradiation doses,
storage periods in different package materials and cumin
extract concentrations
Tabulated data in Table (39) show the effect of interaction
between gamma irradiation, storage periods in different package
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Table 39. Effect of interaction between γ-irradiation, storage periods in
different package materials and cumin extract concentrations on
antifungal activity of cumin extract against Asperigillus niger (mm).
Inhibition zone (mm)
Irradiation Storage periods and
Cumin extract concentrations (ppm)
doses (KGy)
packages
0
5000
10000 20000 40000
0

5

10

15

0 months in cot.

7.33 j-l

7.00 kl

7.00 kl

7.00 kl

7.33 j-l

3 months in cot.

7.00 kl

7.00 kl

7.33 j-l

7.33 j-l

9.33 d-f

6 months in cot.

7.00 kl

7.00 kl

7.33 j-l

7.00 kl

7.00 kl

0 months in pol.

7.33 j-l

7.00 kl

7.00 kl

7.00 kl

7.33 j-l

3 months in pol.

7.00 kl

7.00 kl

7.00 kl

7.33 j-l

8.33 g-i

6 months in pol.

7.00 kl

7.00 kl

7.00 kl

7.00 kl

7.00 kl

0 months in cot.

7.00 kl

6.67 l

7.67 i-k

7.33 j-l

8.00 h-j

3 months in cot.

7.00 kl

7.33 j-l

7.33 j-l

8.00 h-j

9.00 e-g

6 months in cot.

7.00 kl

7.00 kl

7.67 i-k

9.00 e-g

9.33 d-f

0 months in pol.

7.33 j-l

7.33 j-l 10.00 b-d 9.33 d-f 10.67 ab

3 months in pol.

7.67 i-k

9.33 d-f

6 months in pol.

9.00 e-g 10.00 b-d 10.00 b-d 10.67 ab 10.67 ab

0 months in cot.

8.67 f-h

9.33 d-f

9.67 c-e

9.33 d-f

3 months in cot.

6.67 l

8.00 h-j

8.33 g-i

8.67 f-h 10.00 b-d

6 months in cot.

8.67 f-h

9.33 d-f

9.00 e-g

8.67 f-h 10.33 a-c

0 months in pol.

8.00 h-j

8.00 h-j

8.00 h-j

8.33 g-i

9.00 e-g

3 months in pol.

9.67 cde 9.33 d-f

8.33 g-i

9.00 e-g

11.00 a

6 months in pol.

8.33 g-i

8.33 g-i

9.33 d-f

9.00 e-g 10.00 b-d

0 months in cot.

9.00 e-g

8.00 h-j

8.67 f-h

9.00 e-g 9.67 cde

3 months in cot.

8.33 g-i

8.33 g-i

9.33 d-f

8.67 f-h

9.33 d-f

6 months in cot.

7.33 j-l

7.00 kl

7.33 j-l

7.00 kl

8.67 f-h

0 months in pol.

7.00 kl

7.33 j-l

7.33 j-l

7.33 j-l

8.33 g-i

3 months in pol.

7.33 j-l

7.33 j-l

8.00 h-j

7.33 j-l

9.00 e-g

9.67 c-e

8.33 g-i 10.33 a-c

11.00 a

7.00 kl 7.00 kl 8.00 h-j 8.33 g-i 10.33 a-c
6 months in pol.
* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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materials and cumin extract concentration on antifungal activity against
Asperigillus niger. The highest value (11.00 mm) was recorded with
cumin extract at 40000 ppm isolated from fruits irradiated by gamma
rays at 10 KGy, which were packed in cotton bags without storage or
packed in polyethylene bags for 6 months, respectively. In general, it
can be observed that cumin extract at 0 ppm presented the lowest
inhibition zones in most cases.
2. Penicillium digitatum
a. Effect of irradiation doses
Data presented in Table (40) show that the effect of gamma
irradiation on antifungal activity of cumin extract against Penicillium
digitatum was significant. Cumin fruits, which were treated with
gamma rays at 0 and 10 KGy recorded the highest significant values
(11.29 and 11.43 mm, respectively) when compared with the extract
from fruits irradiated by 15 KGy (10.61 mm).
Table 40. Effect of γ-irradiation on antifungal activity of cumin extract
against Penicillium digitatum (mm).
Irradiation (KGy)

Inhibition zone (mm)

0

11.29 a

5

10.87 b

10

11.43 a

15

10.61 c

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

b. Effect of storage periods in different package materials
The effect of storage periods in different packages on antifungal
activity of cumin extract against Penicillium digitatum was significant
as shown in Table (41). Data show that the maximum inhibition zone
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was recorded with cumin extract from fruits stored in cotton bags for 3
months or fruits stored for 3 months in polyethylene bags (11.38,
11.33 mm, respectively), while the extract from fruits stored for 6
months in cotton bags recorded the lowest diameter of inhibition zone
(10.70 mm).

Table 41. Effect of storage periods in different package materials on
antifungal activity of cumin extract against Penicillium
digitatum (mm).
Storage periods in
different package
materials
0 months in cot.

Inhibition zone (mm)
11.13 bc

3 months in cot.

11.38 a

6 months in cot.

10.70 e

0 months in pol.

10.97 cd

3 months in pol.

11.33 ab

6 months in pol.

10.78 de

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

c. Effect of different cumin extract concentrations
Data in Table (42) reveal that the effect of cumin extract on
antifungal activity of cumin extract against Penicillium digitatum was
significant. The highest concentration of extract (40000 ppm) recorded
the highest significant inhibition, which resulted in (12.14 mm). The
lowest inhibition zone was obtained without using cumin extract which
recorded 9.31 mm.
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Table 42. Effect of cumin extract concentrations on antifungal activity of
cumin extract against Penicillium digitatum (mm).
Cumin extract
concentrations (ppm)
0

Inhibition zone (mm)
9.31 d

5000

11.68 b

10000

11.08 c

20000

11.04 c

40000

12.14 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

d. Effect of interaction between gamma irradiation doses and
storage periods in different package materials
Tabulated data in Table (43) reveal that the effect of interaction
between gamma irradiation and storage periods in different package
materials on antifungal activity of cumin extract against Penicillium
digitatum was significant.
Table 43. Effect of interaction between γ-irradiation and storage periods
in different package materials on antifungal activity of cumin
extract against Penicillium digitatum (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0 months in cot.

11.47 b-e

10.60 i-l

11.87 b

10.60 i-l

3 months in cot.

11.60 bc

11.13 c-h

12.47 a

10.33 kl

6 months in cot.

10.87 f-j

10.80 g-k

10.73 h-k

10.40 j-l

0 months in pol.

11.47 b-e

10.73 h-k

11.07 d-i

10.60 i-l

3 months in pol.

11.00 e-i

11.53 b-d

11.27 c-g

11.53 b-d

6 months in pol.

11.33 c-f

10.40 j-l

11.20 c-h

10.20 l

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

The maximum significant value (12.47 mm) was recorded with
cumin extract from fruits treated with gamma rays at 10 KGy packed in
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cotton bags and storage for 3 months, while the lowest significant value
(10.20 mm) was recorded with cumin extract from irradiated fruits by
gamma rays at 15 KGy and stored in polyethylene bags for 6 months.
e. Effect of interaction between gamma irradiation doses and
cumin extract concentrations
As shown in Table (44), the effect of interaction between
gamma irradiation and cumin extract concentration on antifungal
activity of cumin extract against Penicillium digitatum was significant.
Data show that cumin extract extracted from unirradiated fruits at 5000
or 40000 ppm presented the highest inhibition zone (12.44 and 12.39
mm, respectively). This was followed without significant effect by
cumin extract at 5000 ppm isolation from irradiated fruits with gamma
rays at 10 KGy or cumin extract at 40000 ppm extracted from
irradiated with gamma rays at 15 KGy. All interaction treatments
contained cumin extract at 0 ppm presented the lowest values.
Table 44. Effect of interaction between γ-irradiation and cumin extract
concentrations on antifungal activity of cumin extract against
Penicillium digitatum (mm).
Cumin extract
concentrations
(ppm)
0

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

9.06 i

9.39 hi

9.72 h

9.06 i

5000

12.44 a

11.33 de

12.17 ab

10.78 fg

10000

11.28 de

10.94 ef

11.44 cd

10.67 fg

20000

11.28 de

10.83 fg

11.61 cd

10.44 g

40000

12.39 a

11.83 bc

12.22 ab

12.11 ab

* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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f. Effect of interaction between storage periods in different
package materials and cumin extract concentrations
Table (45) represents the effect of interaction between storage
periods in different package materials and cumin extract concentration
on antifungal activity of cumin extract against Penicillium digitatum.
Cumin extract at 40000 ppm led to presented the highest significant
values when extracted from 3 months stored fruits packed in cotton or
polyethylene packages (12.75 and 12.42 mm, respectively). On the
other hand, the lowest inhibition zones were recorded when cumin
extract was not applied.
Table 45. Effect of interaction between storage periods in different
package materials and cumin extract concentrations on
antifungal activity of cumin extract against Penicillium
digitatum (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Cumin extract concentrations (ppm)
5000
10000
20000
40000

0 months in cot.

9.42 k

11.25 f-h

11.58 d-g

11.42 e-g

12.00 b-d

3 months in cot.

9.50 k

12.33 ab

11.08 g-i

11.25 f-h

12.75 a

6 months in cot.

9.17 k

11.33 f-h

10.42 j

10.83 h-j

11.75 c-f

0 months in pol.

9.25 k

11.67 d-f

11.08 g-i

10.58 ij

12.25 a-c

3 months in pol.

9.25 k

11.92 b-e

11.75 c-f

11.33 f-h

12.42 ab

6 months in pol.

9.25 k

11.58 d-g

10.58 ij

10.83 h-j

11.67 d-f

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

g. Effect of interaction between gamma irradiation doses,
storage periods in different package materials and cumin
extract concentrations
Data presented in Table (46) show the effect of interaction
between gamma irradiation, storage periods in different package
materials and cumin extract on antifungal activity of cumin extract
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Table 46. Effect of interaction between γ-irradiation, storage periods in
different package materials and cumin extract concentrations on
antifungal activity of cumin extract against Penicillium digitatum
(mm).
Inhibition zone (mm)
Irradiation Storage periods and
Cumin extract concentrations (ppm)
doses (KGy)
packages
0
5000
10000 20000 40000
0

5

0 months in cot.

9.33 k-m 12.33 b-e 12.00 c-f 11.33 e-h 12.33 b-e

3 months in cot.

8.67 m 12.67 b-d 11.33 e-h 12.00 c-f 13.33 ab

6 months in cot.

9.33 k-m 11.67 d-g 10.67 g-j 10.67 g-j 12.00 c-f

0 months in pol.

9.33 k-m 12.33 b-e 12.00 c-f 11.33 e-h 12.33 b-e

3 months in pol.

8.67 m 12.33 b-e 10.67 g-j 11.33 e-h 12.00 c-f

6 months in pol.

9.00 lm

0 months in cot.

9.00 lm 10.33 h-k 11.00 f-i 11.33 e-h 11.33 e-h

3 months in cot.

10.00 i-l 11.33 e-h 10.67 g-j 11.00 f-i 12.67 b-d

6 months in cot.

10

15

8.67 m

13.33 ab 11.00 f-i 11.00 f-i 12.33 b-e

12.00 c-f 11.00 f-i 11.00 f-i 11.33 e-h

0 months in pol.

9.33 k-m 11.33 e-h 10.33 h-k 10.33 h-k 12.33 b-e

3 months in pol.

9.67 j-m 12.33 b-e 12.33 b-e 11.00 f-i 12.33 b-e

6 months in pol.

9.67 j-m 10.67 g-j 10.33 h-k 10.33 h-k 11.00 f-i

0 months in cot.

9.67 j-m 12.33 b-e 12.33 b-e 12.33 b-e 12.67 b-d

3 months in cot.

10.67 g-j 14.33 a 12.33 b-e 12.00 c-f 13.00 bc

6 months in cot.

9.67 j-m 11.00 f-i 10.00 i-l 11.33 e-h 11.67 d-g

0 months in pol.

9.33 k-m 12.33 b-e 11.00 f-i 10.67 g-j 12.00 c-f

3 months in pol.

9.67 j-m 11.00 f-i 12.00 c-f 11.33 e-h 12.33 b-e

6 months in pol.

9.33 k-m 12.00 c-f 11.00 f-i 12.00 c-f 11.67 d-g

0 months in cot.

9.67 j-m 10.00 i-l 11.00 f-i 10.67 g-j 11.67 d-g

3 months in cot.

8.67 m

6 months in cot.

9.00 lm 10.67 g-j 10.00 i-l 10.33 h-k 12.00 c-f

0 months in pol.

9.00 lm 10.67 g-j 11.00 f-i 10.00 i-l 12.33 b-e

3 months in pol.

9.00 lm 12.00 c-f 12.00 c-f 11.67 d-g 13.00 bc

6 months in pol.

11.00 f-i 10.00 i-l 10.00 i-l 12.00 c-f

9.00 lm 10.33 h-k 10.00 i-l 10.00 i-l 11.67 d-g
* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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against Penicillium digitatum. Data show that cumin extract at 5000
ppm from irradiated fruits at 10 KGy and stored in cotton bags for 3
months resulted in the highest significant value (14.33 mm). this was
followed without significant difference by cumin extract at 40000 ppm
extracted from unirradiated stored fruits for 3 months in cotton bags or
at 5000 ppm stored for 6 months in polyethylene ones (13.33 and 13.33
mm, respectively). In most cases, cumin extract at 0 ppm when
combined with other treatments presented the lowest inhibition zones
when compared with other concentrations.
c. Antiyeastal activity (Saccharomyces cerevisiae)
a. Effect of irradiation doses
Effect of gamma irradiation on antiyeastal activity of cumin
extract against Saccharomyces cerevisiae are shown in Table (47).
Although

there

was

no

significant

effect

between

different

concentrations, gamma rays at 10 KGy induced the antiyeastal activity
of cumin extract identified as inhibition zone (10.07 mm).
Table 47. Effect of γ-irradiation on antiyeastal activity of cumin extract
against Saccharomyces cerevisiae (mm).
Irradiation (KGy)

Inhibition zone (mm)

0

9.90 a

5

9.86 a

10

10.07 a

15

9.91 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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b. Effect of storage periods in different package materials
Table (48) represents the effect of storage periods in different
package materials on antiyeastal activity of cumin extract against
Saccharomyces cerevisiae. Stored cotton-packed fruits for 3 months,
polyethylene-packed fruits for 3 or 6 months presented the highest
values (10.10, 10.33 and 10.33 mm, respectively).
Table 48. Effect of storage periods in different package materials on
antiyeastal activity of cumin extract against Saccharomyces
cerevisiae (mm).
Storage periods in
different package
materials
0 months in cot.

Inhibition zone (mm)
9.82 ab

3 months in cot.

10.10 a

6 months in cot.

9.23 b

0 months in pol.

9.78 ab

3 months in pol.

10.33 a

6 months in pol.

10.33 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

c. Effect of different cumin extract concentrations
Data in Table (49) represents the effect of cumin extract
concentration on antiyeastal activity of cunin extract against
Saccharomyces cerevisiae. Data show that the maximum significant
inhibition was recorded by cumin extract at 40000 ppm. The lowest
significant inhibition (6.99 mm) was recorded without using cumin
extract.
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Table 49. Effect of cumin extract concentrations on antiyeastal activity
of cumin extract against Saccharomyces cerevisiae (mm).
Cumin extract
concentrations (ppm)

Inhibition zone (mm)

0

6.99 e

5000

9.38 d

10000

10.07 c

20000

10.97 b

40000

12.26 a

* Means having the same letters within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

d. Effect of interaction between gamma irradiation doses and
storage periods in different package materials
Interaction between gamma irradiation and storage periods in
different package materials on antiyeastal activity of cumin extract
against Saccharomyces cerevisiae was significant as shown in Table
(50).
Table 50. Effect of interaction between γ-irradiation and storage periods
in different package materials on antiyeastal activity of cumin
extract against Saccharomyces cerevisiae (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

0 months in cot.

9.20 b

10.00 ab

9.93 ab

10.13 ab

3 months in cot.

10.33 ab

10.27 ab

9.93 ab

9.87 ab

6 months in cot.

10.33 ab

7.47 c

9.47 ab

9.67 ab

0 months in pol.

9.20 b

10.13 ab

9.87 ab

9.93 ab

3 months in pol.

10.33 ab

10.53 a

10.47 ab

10.00 ab

6 months in pol.

10.00 ab

10.73 a

10.73 a

9.87 ab

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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The highest inhibition zone of yeastal growth (10.73 mm) was
recorded with cumin extract from fruits irradiated by 5 and 10 KGy
packed in polyethylene bags and stored for 6 month. This was followed
without significant difference with fruits irradiated with gamma rays at
5 KGy and stored for 3 months in polyethylene packages (10.53 mm).
While, applied cumin extract from irradiated fruits at 5 KGy and
storage in cotton bags for 6 months resulted in the lowest significant
record (7.47 mm).
e. Effect of interaction between gamma irradiation doses and
cumin extract concentrations
Effect of interaction between gamma irradiation and cumin
extract against Saccharomyces cerevisiae are shown in Table (51).
Cumin extract (40000 ppm) extracted from fruits treated by gamma
rays at 5 or 10 KGy resulted in the highest significant inhibition zones
(12.33 and 12.72 mm). In this concern, the lowest inhibition zones
were recorded when cumin extract was not applied.
Table 51. Effect of interaction between γ-irradiation and cumin extract
concentrations on antiyeastal activity of cumin extract against
Saccharomyces cerevisiae (mm).
Cumin extract
concentrations
(ppm)
0

0

Inhibition zone (mm)
Irradiation doses (KGy)
5
10

15

6.89 i

6.89 i

7.06 i

7.11 i

5000

9.50 gh

9.11 h

9.28 gh

9.61 gh

10000

10.17 e-h

9.78 f-h

10.33 e-g

10.00 e-h

20000

10.83 d-f

11.17 b-e

10.94 c-f

10.94 c-f

40000

12.11 a-c

12.33 ab

12.72 a

11.89 a-d

* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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f. Effect of interaction between storage periods in different
package materials and cumin extract concentrations
Table (52) represents the effect of interaction between storage
periods in different packages and cumin extract concentration on
antiyeastal activity of cumin extract against Saccharomyces cerevisiae.
The maximum value (13.00 mm.) was obtained with cumin extract at
40000 ppm extracted from fruits stored in polyethylene bags for 6
months, this was followed without significant difference by cumin
extract at the same concentration when extracted from stored fruits in
cotton bags for 3 months. All interaction treatments contained cumin
extract at 0 ppm presented the lowest values.
Table 52. Effect of interaction between storage periods in different
package materials and cumin extract concentrations on
antiyeastal activity of cumin extract against Saccharomyces
cerevisiae (mm).
Storage periods and
packages

0

Inhibition zone (mm)
Cumin extract concentrations (ppm)
5000
10000
20000
40000

0 months in cot.

7.08 kl

9.42 h-j

9.50 g-j

10.92 c-g

12.17 a-c

3 months in cot.

7.42 kl

9.08 ij

10.33 d-i

10.92 c-g

12.75 ab

6 months in cot.

6.58 l

8.33 jk

9.50 g-j

10.00 e-i

11.75 a-d

0 months in pol.

6.75 l

9.42 h-j

10.08 e-i

11.00 c-f

11.67 a-d

3 months in pol.

7.50 kl

10.08 e-i

10.42 d-i

11.42 b-e

12.25 a-c

6 months in pol.

6.58 l

9.92 f-i

10.58 d-h

11.58 a-d

13.00 a

* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

g. Effect of interaction between gamma irradiation doses,
storage periods in different package materials and cumin
extract concentrations
Effect of interaction between gamma irradiation, storage period
in different packages and cumin extract concentrations on antiyeastal
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activity of cumin extract against Saccharomyces cerevisiae are show in
Table (53). Data show that the highest significant antiyeastal activity
(13.67, 13.67 and 14.33 mm) had been obtained when cumin extract
from fruits stored in cotton bags for 3 months without irradiation,
stored for 6 months in polyethylene packages after irradiated with
gamma rays at 5 or 10 KGy, respectively. In general, it can be observed
that cumin extract at 0 ppm presented the lowest inhibition zones in
most cases when compared with other concentrations.
In this concern, Nanasombat and Lohasupthawee (2005) found
that the ethanolic extracts of cumin fruits was highly inhibitory to the
tested microbes so it may contain potent antimicrobial compounds.
Dobreva et al. (2009) observed a highly antimicrobial active against
Gram positive and negative bacteria of ethanolic extracts of cumin.
Ertürk (2010) showed that cumin fruits ethanolic extract show a great
antimicrobial activety againest Staphylococcus aureus and Aspergillus
niger. Sheikh et al. (2010) investigated that cumin fruits extract could
be used as a source of new antibacterial agent for developing drugs to
inhibit some human pathogenic bacteria. Keski̇n and Toroglu (2011)
studied the antimicrobial activities of the ethyl acetate, acetone and
methanol extract of some plant species containing Cuminum cyminum
(cumin) against Bacillus megaterium, Pseudomonas aeroginosa and
Staphylococcus aureus. The results indicated that cumin presented 7-15
mm/30 µl inhibition zone.
The positive role of irradiated cumin fruits extract could be
explained as previously mentioned when discussed the role of
irradiation on cumin fruits essential oil.
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Table 53. Effect of interaction between γ-irradiation, storage periods in
different package materials and cumin extract concentrations on
antiyeastal activity of cumin extract against Saccharomyces
cerevisiae (mm).
Inhibition zone (mm)
Irradiation Storage periods and
Cumin extract concentrations (ppm)
doses (KGy)
packages
0
5000
10000 20000 40000
0

5

10

15

0 months in cot.

7.33 k-p 9.00 g-n 9.33 f-m 10.00 d-k 10.33 d-j

3 months in cot.

7.33 k-p 9.33 f-m 11.00 b-h 10.33 d-j 13.67 ab

6 months in cot.

7.00 l-p 9.33 f-m 10.67 c-i 11.33 b-h 13.33 a-c

0 months in pol.

7.33 k-p 9.00 g-n 9.33 f-m 10.00 d-k 10.33 d-j

3 months in pol.

7.00 l-p 10.33 d-j 9.67 e-l 12.00 a-f 12.67 a-d

6 months in pol.

5.33 op 10.00 d-k 11.00 b-h 11.33 b-h 12.33 a-e

0 months in cot.

7.67 j-o

8.67 h-n 9.00 g-n 11.33 b-h 13.33 a-c

3 months in cot.

7.67 j-o

8.67 h-n 10.67 c-i 11.67 a-g 12.67 a-d

6 months in cot.

4.67 p

7.00 l-p

7.33 k-p 8.67 h-n

9.67 e-l

0 months in pol.

6.33 n-p 10.67 c-i 10.67 c-i 11.00 b-h 12.00 a-f

3 months in pol.

8.00 i-o 9.33 f-m 10.67 c-i 12.00 a-f 12.67 a-d

6 months in pol.

7.00 l-p 10.33 d-j 10.33 d-j 12.33 a-e 13.67 ab

0 months in cot.

6.67 m-p 9.67 e-l 9.33 f-m 11.33 b-h 12.67 a-d

3 months in cot.

7.33 k-p 9.33 f-m 10.00 d-k 10.67 c-i 12.33 a-e

6 months in cot.

7.00 l-p

0 months in pol.

6.67 m-p 9.00 g-n 10.33 d-j 11.00 b-h 12.33 a-e

3 months in pol.

7.33 k-p 10.67 c-i 11.00 b-h 11.00 b-h 12.33 a-e

6 months in pol.

7.33 k-p 9.00 g-n 11.00 b-h 12.00 a-f 14.33 a

0 months in cot.

6.67 m-p 10.33 d-j 10.33 d-j 11.00 b-h 12.33 a-e

3 months in cot.

7.33 k-p 9.00 g-n

9.67 e-l 11.00 b-h 12.33 a-e

6 months in cot.

7.67 j-o

9.67 e-l 10.33 d-j 11.67 a-g

0 months in pol.

6.67 m-p 9.00 g-n 10.00 d-k 12.00 a-f 12.00 a-f

3 months in pol.

7.67 j-o 10.00 d-k 10.33 d-j 10.67 c-i 11.33 b-h

6 months in pol.

8.00 i-o 10.33 d-j 9.67 e-l 12.33 a-e

9.00 g-n

6.67 m-p 10.33 d-j 10.00 d-k 10.67 c-i 11.67 a-g
* cot.= storage in cotton packages; pol.= storage in polyethylene packages.
* Means having the same letters within a column or row are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.
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SUMMARY
This study was carried out at the Ornamental Horticulture
Department, Faculty of Agriculture, Cairo University, the National
Center for Radiation Research and Technology, Nasr City, Cairo,
Egypt and the Central Laboratory, Horticulture Research Institute,
Agriculture Research Center, Giza, Egypt from 2008/2010 seasons.
The aim of this study was to investigate the effect of different doses of
gamma irradiation (0, 5, 10 and 15 KGy) and different storage periods
(0, 3 and 6 months) in different package materials (cotton or
polyethylene bags) on essential oil quality and chemical composition of
cumin (Cuminum cyminum, L.) fruits. On the other hand antimicrobial
activity of treated cumin fruits essential oil and its extract at 0, 5000,
10000, 20000 and 40000 ppm were investigated.

1. Effect of gamma irradiation, storage periods in different
package materials and their interaction on essential oil
content and chemical composition of cumin fruits
a. Essential oil percentage
Concerning the effect of irradiation dose, unirradiated cumin
fruits resulted in the highest significant essential oil percentage content,
while using 5, 10 or 15 KGy resulted in the lowest significant content
of essential oil %.
The effect of storage periods in different package materials
indicate that the highest significant content of essential oil percentage
was recorded when the cumin fruits stored in polyethylene bags for 3
months, non-stored fruits packed in cotton bags and stored fruits for 3
months in cotton bags.
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The highest significant value obtained from fruits stored for 3
months in cotton bags without gamma irradiation or stored ones for 6
months in polyethylene with gamma irradiation at 10 KGy and 3
months stored fruits packed in polyethylene and treated with gamma
rays at 10 KGy.
b. Essential oil constituents
Concerning Cuminaldehyde (as the main component), un-stored
polyethylene packed fruits presented the highest content when
irradiated with gamma rays at 15 KGy. While, the lowest value
recorded when stored of cotton bags packed fruits for 6 months without
irradiation. In contrary, the latest mentioned treatment presented the
highest β-pinene and Lemonine values. On the other hand, Lemonine,
Benzelaldehyde, Anisaldehyde and Hexadene increased due to storage
for 6 months in most cases.
c. Chemical composition of cumin fruits
Chemical composition of cumin fruits was varied widely as a
result to using different gamma irradiation doses, gamma irradiation at
5 KGy presented the highest significant N, K, Na and protein
percentages, while gamma rays at 10 KGy presented the highest
percentages of Ca and free amino acids. In this concern, gamma rays at
15 KGy resulted in the highest indoles and phenols percentages.
Cumin fruits stored for 6 months in cotton or polyethylene
packages presented the highest significant N and protein percentage.
Stored fruits in cotton bags for 6 months or in polyethylene bags for 3
months recorded the highest Na and phenols percentages. Non-stored
fruits packed in polyethylene shared with 3 or 6 stored fruits packed in
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cotton bags in producing the highest total carbohydrates% and with non
stored fruits packed in cotton bags or 6 months stored fruits packed in
polyethylene in producing the highest K%. Insignificant effect was
observed on Ca, free amino acids and total indoles % as a result to
using different storage periods in different packages.
Irradiated fruits with gamma rays at 10 KGy and stored in
cotton bags for 3 months or non stored packed in polyethylene, fruits
presented the highest significant total carbohydrates and Ca
percentages. Unirradiated fruits stored for 6 months in polyethylene
bags or for 3 months in cotton bags and irradiated the packed fruits in
cotton bags with gamma rays at 15 KGy then stored them for 3 months
presented the highest significant N and protein percentages. Irradiated
the packed in cotton bags fruits with gamma rays at 5 KGy then stored
them for 6 months shared with irradiated the packed ones in
polyethylene with gamma rays at 5 KGy then stored them for 3 months
in increasing Na%, and with irradiated the packed in polyethylene
fruits with gamma rays at 15 KGy then stored them for 3 months in
increasing phenols%. Non-stored fruits packed in cotton bags and
irradiated with gamma rays at 15 KGy, packed in polyethylene and
irradiated at 5 KGy or stored the packed fruits in polyethylene for 6
months after irradiated them at 5 KGy presented the highest K%.
Irradiated the packed in polyethylene package fruits with gamma rays
at 10 KGy without storage presented the highest free amino acid
content. There was no significant effect of different treatments on total
indoles%.
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2. Effect of gamma irradiation, storage periods in different
package materials and their interaction on antimicrobial
activity of cumin essential oil
Essential oil isolated from irradiated fruits with gamma rays at 5
KGy

presented

the

highest

antimicrobial

activity

against

Staphylococcus aureus, while isolated ones from fruits irradiated at 10
KGy presented the highest antimicrobial activity against Salmonella
typhimurium and Saccharomyces cerevisiae. The highest antifungal
activity against Asperigillus niger and Penicillium digitatum was
obtained by essential oil isolated from irradiated fruits with gamma
rays at 15 KGy.
Three months stored fruits packed in polyethylene packages
presented the highest antimicrobial activity of fruits essential oil
against Staphylococcus aureus and Asperigillus niger. Essential oil
isolated from stored fruits for 6 months in polyethylene packages or
cotton bags presented the highest antimicrobial activity against
Salmonella typhimurium and Penicillium digitatum. Essential oil
isolated from non-stored packed in cotton bags fruits presented the
highest antiyeastal activity.
The highest antibacterial activity was obtained by essential oil
isolated from irradiated packed in polyethylene fruits at 5 KGy then
stored for 3 months (Staphylococcus aureus) or irradiated packed in
polyethylene

ones

at

15

KGy

without

storage

(Salmonella

typhimurium). On the other hand, the highest antifungal activity against
Asperigillus niger and Penicillium digitatum was obtained by essential
oil isolated from unirradiated packed in polyethylene fruits then stored
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for 6 months. Non-stored packed in cotton bags fruits irradiated with
gamma rays at 10 KGy produced essential oil with highest antiyeastal
activity.

3. Effect of gamma irradiation, storage periods in different
package materials and their interaction on antimicrobial
activity of cumin fruit extracts
a. Effect of irradiation doses
The highest antibacterial effect against Staphylococcus aureus
and Salmonella typhimurium was obtained by gamma irradiation of
cumin fruits at 5 KGy. Gamma irradiation at 10 KGy presented the
highest antifungal (Asperigillus niger and Penicillium digitatum) and
antiyeastal (Saccharomyces cerevisiae) effect.
b. Effect of storage periods in different package materials
Stored fruits for 6 months in polyethylene bags exhibited the
highest

antimicrobial

effect

against

Staphylococcus

aureus,

Asperigillus niger and Saccharomyces cerevisiae. Stored fruits in
cotton bags for 3 or 6 months recorded the highest antimicrobial effect
against

Penicillium

digitatum

and

Salmonella

typhimurium,

respectively.
c. Effect of different cumin extract concentrations
Cumin extract at 40000 ppm was superior in increasing the
antibacterial (Staphylococcus aureus and Salmonella typhimurium),
antifungal (Asperigillus niger and Penicillium digitatum) and
antiyeastal (Saccharomyces cerevisiae) effect, and presented the
highest inhibition zones.
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d. Effect of interaction between gamma irradiation doses and
storage periods in different package materials
The highest antifungal effect against Staphylococcus aureus and
Salmonella typhimurium of cumin extract was obtained by irradiation
of packed in polyethylene fruits at 5 KGy without storage. Also, 5 KGy
of gamma rays presented the highest antimicrobial effect against
Asperigillus niger and Saccharomyces cerevisiae when packed fruits in
polyethylene packages then stored for 6 months. On the other hand,
gamma irradiation of packed in cotton bags fruits at 10 KGy then
stored for 3 months produced the highest antifungal effect against
Penicillium digitatum.
e. Effect of interaction between gamma irradiation doses and
cumin extract concentrations
The highest antifungal effect against Staphylococcus aureus and
Salmonella typhimurium was obtained cumin extract at 40000 ppm
combined with irradiation with gamma rays at 5 KGy. Also, cumin
extract at 40000 ppm when extracted from irradiated fruits at 10 KGy
presented the highest antimicrobial effect against Asperigillus niger and
Saccharomyces cerevisiae. On the other hand, cumin extract at 5000
when extracted from unirradiated fruits presented the highest antifungal
effect against Penicillium digitatum.
f. Effect of interaction between storage periods in different
package materials and cumin extract concentrations
cumin extracts at 40000 ppm presented the highest antimicrobial
effect when extracted from all storage periods and package materials
(Staphylococcus aureus), non-stored fruits packed in cotton bags
(Salmonella typhimurium), 3 months stored fruits packed in
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polyethylene (Asperigillus niger), 3 months stored fruits packed in
cotton bags (Penicillium digitatum) and 6 months stored fruits packed
in polyethylene (Saccharomyces cerevisiae).
g. Effect of interaction between gamma irradiation doses,
storage periods in different package materials and cumin
extract concentrations
Cumin extract at 40000 ppm when combined with different
treatments presented the highest antimicrobial activity against all
studied microbes except with Penicillium digitatum. Cumin extract at
40000 ppm when extracted from irradiated packed fruits in
polyethylene bags with gamma rays at 5 KGy without storage or with 6
months storage or irradiated at 15 KGy of packed fruits in cotton bags
with storage for 3 months presented the highest significant values
against Staphylococcus aureus. The same concentration of extracted
cumin from uniradiated packed in cotton bags and storage for 6 months
presented the highest inhibition zone of Salmonella typhimurium. Also,
with the same concentration, extracted cumin from irradiated at 10
KGy of packed in cotton bags fruits without storage or in polyethylene
and stored for 3 months presented the highest values of Asperigillus
niger. Cumin extract at 5000 ppm when extracted from irradiation at 10
KGy of packed in cotton bags fruits and stored for 3 months presented
the highest values of Penicillium digitatum. On the other hand, the
superior concentration of cumin extract (40000 ppm) presented the
highest antiyeastal effect when extracted from irradiated packed in
polyethylene fruits at 10 KGy and stored for 6 months.
It ca be concluded that unirradiated packed in cotton bags fruits,
which were stored for 3 months, presented the highest essential oil %.
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In addition, high cumin fruits essential oil % could be obtained under
long storage period conditions up to 6 months when they packed in
polyethylene packages then irradiated with gamma rays at 10 KGy.
Essential oil of cumin fruits could be used as an effective antimicrobial
agent. Isolated essential oil from packed in polyethylene package fruits
then irradiated with gamma rays at 5 or 15 KGy presented the highest
antibacterial effect when they were stored for 3 months or without
storage. Unirradiated packed in polyethylene package fruits then stored
for 6 months presented the highest antifungal effect. Non-stored packed
in polyethylene packages then irradiated with gamma rays at 10 KGy
presented the highest antiyeastal action. On the other hand, cumin
extract also could be applied as antimicrobial tool. In general, cumin
extract at 40000 ppm when combined with different treatments
presented the highest antimicrobial action in different degrees of effect
against all studied microbes except with Penicillium digitatum as
cumin extract at only 5000 ppm was preferred.
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ﺍﻟﻤﻠﺨﺺ ﺍﻟﻌﺮﺑﻲ
ﺩﺭﺍﺳﺎﺕ ﻛﻴﻤﺎﻭﻳﺔ ﻭ ﺑﻴﻮﻟﻮﺟﻴﺔ ﻋﻠﻰ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ
ﺑﻐﺮﺽ ﺍﻟﺤﻔﻆ
ﺗﻢ ﺇﺟﺮﺍء ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺑﻘﺴﻢ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ ،ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ ،ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ ﻭ ﺍﻟﻤﺮﻛﺰ
ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭ ﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ

– ﻣﺪﻳﻨﺔ ﻧﺼﺮ ﻭ ﺍﻟﻤﻌﻤﻞ ﺍﻟﻤﺮﻛﺰﻱ ،ﻣﻌﻬﺪ ﺑﺤﻮﺙ

ﺍﻟﺒﺴﺎﺗﻴﻦ ،ﻣﺮﻛﺰ ﺍﻟﺒﺤﻮﺙ ﺍﻟﺰﺭﺍﻋﻴﺔ ،ﺍﻟﺠﻴﺰﺓ ،ﻣﺼﺮ ﺧﻼﻝ ﺍﻟﻤﻮﺍﺳﻢ ﻣﻦ

 2008ﺇﻟﻰ .2010

ﺗﻬﺪﻑ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺍﻟﻰ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺟﺮﻋﺎﺕ ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ )ﺻﻔﺮ،

 10 ،5ﻭ 15

ﻛﻴﻠﻮﺟﺮﺍﻱ( ﻭ ﻓﺘﺮﺍﺕ ﺗﺨﺰﻳﻦ ﻣﺨﺘﻠﻔﺔ )ﺻﻔﺮ 3 ،ﻭ  6ﺷﻬﻮﺭ( ﻓﻲ ﺧﺎﻣﺎﺕ ﺗﻌﺒﺌﺔ ﻣﺨﺘﻠﻔﺔ )ﺍﻟﻘﻄﻦ ﻭ
ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ( ﻋﻠﻰ ﺟﻮﺩﺓ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻭ ﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﻜﻴﻤﻴﺎﺋﻲ ﻟﺜﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ .ﻭ ﻣﻦ ﺟﻬﺔ ﺃﺧﺮﻯ
ﺗﻤﺖ ﺩﺭﺍﺳﺔ ﺍﻟﻨﺸﺎﻁ ﺿﺪ ﺍﻟﻤﻴﻜﺮﻭﺑﻲ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺃﻭ ﻣﺴﺘﺨﻠﺼﺎﺕ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺘﺮﻛﻴﺰﺍﺕ
ﻣﺨﺘﻠﻔﺔ )ﺻﻔﺮ 20000 ،10000 ،5000 ،ﻭ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ(.

 .1ﺗﺄﺛﻴﺮ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ،ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﻭ ﺍﻟﺘﻔﺎﻋﻞ ﺑﻴﻨﻬﻢ ﻋﻠﻰ ﺍﻟﺰﻳﺖ
ﺍﻟﻄﻴﺎﺭ ﻭ ﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﻜﻴﻤﻴﺎﺋﻲ ﻟﺜﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ
ﺃ .ﺍﻟﻨﺴﺒﺔ ﺍﻟﻤﺌﻮﻳﺔ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ
ﻓﻴﻤﺎ ﻳﺘﻌﻠﻖ ﺑﺘﺄﺛﻴﺮ ﺟﺮﻋﺎﺕ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ،ﺍﻋﻄﺖ ﺍﻟﺜﻤﺎﺭ ﻏﻴﺮ ﺍﻟﻤﺸﻌﻌﺔ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ
 10 ،5ﻭ  15ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﻋﻄﺖ ﺃﻗﻞ ﺍﻟﻨﺴﺐ

ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻓﻲ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ،ﺑﻴﻨﻤﺎ ﺟﺮﻋﺎﺕ
ﺍﻟﻤﺌﻮﻳﺔ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ.

ﺃﻭﺿﺤﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺃﻥ ﺃﻋﻠﻰ ﻗﻴﻤﺔ ﻟﻠﻨﺴﺒﺔ ﺍﻟﻤﺌﻮﻳﺔ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻬﺎ ﻋﻨﺪ
ﺗﺨﺰﻳﻦ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻟﻤﺪﺓ  3ﺷﻬﻮﺭ ﻭ ﻛﺬﻟﻚ ﺍﻟﺜﻤﺎﺭ ﻏﻴﺮ ﺍﻟﻤﺨﺰﻧﺔ ﺃﻭ
ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺷﻬﻮﺭ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ.
ﻛﻤﺎ ﺃﻅﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺃﻥ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻬﺎ ﻣﻦ ﺍﻟﺜﻤﺎﺭ
ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺷﻬﻮﺭ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺑﺪﻭﻥ ﺍﻟﺘﺸﻌﻴﻊ ﺃﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﻓﻲ
ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻣﻊ ﺍﻟﺘﺸﻌﻴﻊ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﻛﺬﻟﻚ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ 3
ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  10ﻛﻴﻠﻮﺟﺮﺍﻱ.

1

ﺏ .ﻣﻜﻮﻧﺎﺕ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ
ﻓﻴﻤﺎ ﻳﺘﻌﻠﻖ ﺑﻤﺮﻛﺐ ) Cuminaldehydeﻛﻤﺮﻛﺐ ﺭﺋﻴﺲ( ،ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﻭ
ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺃﻛﻴﺎﺱ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻣﺤﺘﻮﻯ ﻭ ﺫﻟﻚ ﻓﻲ ﺣﺎﻟﺔ ﺗﻌﺮﻳﻀﻬﺎ ﻷﺷﻌﺔ ﺟﺎﻣﺎ
ﺑﺠﺮﻋﺔ  15ﻛﻴﻠﻮﺟﺮﺍﻱ .ﺑﻴﻨﻤﺎ ﺃﻗﻞ ﻗﻴﻤﺔ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻬﺎ ﻋﻨﺪ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﺃﻛﻴﺎﺱ ﻣﻦ ﻗﻤﺎﺵ
ﺍﻟﻘﻄﻦ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺑﺪﻭﻥ ﺗﺸﻌﻴﻊ .ﻋﻠﻰ ﺍﻟﻌﻜﺲ ﻣﻦ ﺫﻟﻚ ،ﻓﺈﻥ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺍﻟﺘﻲ ﺗﻢ ﺫﻛﺮﻫﺎ ﻣﺆﺧﺮﺍً
ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻗﻴﻤﺔ ﻣﻦ ﻣﺮﻛﺒﻲ  β-pineneﻭ  . Lemonineﻣﻦ ﻧﺎﺣﻴﺔ ﺃﺧﺮﻯ ،ﻓﺎﻥ ﻣﺮﻛﺒﺎﺕ
Benzelaldehyde ،Lemonine

 Anisaldehyde ،ﻭ  Hexadeneﺯﺍﺩﺕ ﺑﺰﻳﺎﺩﺓ

ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﺃﻏﻠﺐ ﺍﻟﺤﺎﻻﺕ.
ﺝ .ﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﻜﻴﻤﺎﻭﻱ ﻟﺜﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ
ﺗﺒﺎﻳﻦ ﻛﺜﻴﺮﺍً ﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﻜﻴﻤﺎﻭﻱ ﻟﺜﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻛﻨﺘﻴﺠﺔ ﻻﺳﺘﺨﺪﺍﻡ ﺟﺮﻋﺎﺕ ﺃﺷﻌﺔ ﺟﺎﻣﺎ
ﺍﻟﻤﺨﺘﻠﻔﺔ ،ﺍﻟﺘﺸﻌﻴﻊ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﺩﺕ ﻣﻌﻨﻮﻳﺎ ً ﺇﻟﻰ ﺗﻜﻮﻳﻦ ﺃﻋﻠﻰ ﻧﺴﺐ ﻣﺌﻮﻳﺔ
ﻣﻦ ﺍﻟﻨﻴﺘﺮﻭﺟﻴﻦ ،ﺍﻟﺒﻮﺗﺎﺳﻴﻮﻡ ،ﺍﻟﺼﻮﺩﻳﻮﻡ ﻭ ﺍﻟﺒﺮﻭﺗﻴﻦ ،ﺑﻴﻨﻤﺎ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ

 10ﻛﻴﻠﻮﺟﺮﺍﻱ

ﺃﺩﺕ ﺍﻟﻰ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻰ ﺃﻋﻠﻰ ﻧﺴﺐ ﻣﺌﻮﻳﺔ ﻣﻦ ﺍﻟﻜﺮﺑﻮﻫﻴﺪﺭﺍﺕ ﺍﻟﻜﻠﻴﺔ ،ﺍﻟﻜﺎﻟﺴﻴﻮﻡ ﻭ ﺍﻷﺣﻤﺎﺽ
ﺍﻷﻣﻴﻨﻴﺔ ﺍﻟﺤﺮﺓ .ﻓﻲ ﻫﺬﺍ ﺍﻟﺨﺼﻮﺹ ،ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ

 15ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﻧﺘﺠﺖ ﺃﻋﻠﻰ ﻧﺴﺐ

ﻣﺌﻮﻳﺔ ﻣﻦ ﺍﻻﻧﺪﻭﻻﺕ ﻭ ﺍﻟﻔﻴﻨﻮﻻﺕ.
ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺃﻭ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ
ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻣﺤﺘﻮﻯ ﻣﻌﻨﻮﻱ ﻣﻦ ﺍﻟﻨﻴﺘﺮﻭﺟﻴﻦ ﻭ ﺍﻟﺒﺮﻭﺗﻴﻦ .ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻓﻲ ﺍﻟﻌﺒﻮﺍﺕ
ﺍﻟﻤﺼﻨﻮﻋﺔ ﻣﻦ ﺍﻟﻘﻄﻦ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺃﻭ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺳﺠﻠﺖ ﺃﻋﻠﻰ ﻣﺤﺘﻮﻯ ﻣﻦ
ﺍﻟﺼﻮﺩﻳﻮﻡ ﻭ ﺍﻟﻔﻴﻨﻮﻻﺕ .ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﺍﻟﺘﻲ ﺗﻢ ﺗﻌﺒﺌﺘﻬﺎ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺑﺎﻟﻤﺸﺎﺭﻛﺔ
ﻣﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﻭ  6ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺃﻧﺘﺠﺖ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ
ﻟﻠﻜﺮﺑﻮﻫﻴﺪﺭﺍﺕ ﺍﻟﻜﻠﻴﺔ ،ﻣﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺼﻨﻮﻋﺔ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ
ﺃﻭ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺗﺖ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ
ﻟﻠﺒﻮﺗﺎﺳﻴﻮﻡ .ﻟﻢ ﻳﻜﻦ ﻫﻨﺎﻙ ﺃﻱ ﺗﺄﺛﻴﺮ ﻣﻌﻨﻮﻱ ﻟﻤﻌﺎﻣﻼﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻭ ﺍﻟﻌﺒﻮﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻋﻠﻰ
ﺍﻟﻜﺎﻟﺴﻴﻮﻡ ،ﺍﻻﺣﻤﺎﺽ ﺍﻷﻣﻴﻨﻴﺔ ﺍﻟﺤﺮﺓ ﻭ ﺍﻻﻧﺪﻭﻻﺕ ﺍﻟﻜﻠﻴﺔ.

2

ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺸﻌﻌﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ
ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻭ ﺍﻷﺧﺮﻯ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺃﻋﻄﺖ
ﻣﻌﻨﻮﻳﺎ ً ﺃﻋﻠﻰ ﻧﺴﺐ ﻣﺌﻮﻳﺔ ﻟﻠﻜﺮﺑﻮﻫﻴﺪﺭﺍﺕ ﺍﻟﻜﻠﻴﺔ ﻭ ﺍﻟﻜﺎﻟﺴﻴﻮﻡ .ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺸﻌﻌﺔ ﻭ ﺍﻟﻤﺨﺰﻧﺔ
ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺃﻭ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﻛﺬﻟﻚ
ﺗﺸﻌﻴﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺑﺠﺮﻋﺔ

 15ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ 3

ﺃﺷﻬﺮ ﺃﻧﺘﺠﺖ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻣﻌﻨﻮﻳﺔ ﻣﻦ ﺍﻟﻨﻴﺘﺮﻭﺟﻴﻦ ﻭ ﺍﻟﺒﺮﻭﺗﻴﻦ .ﺗﺸﻌﻴﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ
ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﺛﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺷﺎﺭﻛﺖ ﻣﻊ
ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﺸﻌﻌﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﺛﻢ ﺗﺨﺰﻳﻨﻬﺎ
ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﻓﻲ ﺯﻳﺎﺩﺓ ﺍﻟﻨﺴﺒﺔ ﺍﻟﻤﺌﻮﻳﺔ ﻟﻠﺼﻮﺩﻳﻮﻡ ،ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ
ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  15ﻛﻴﻠﻮﺟﺮﺍﻱ ﺛﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﺩﺕ ﺍﻟﻰ ﺯﻳﺎﺩﺓ ﺍﻟﻨﺴﺒﺔ
ﺍﻟﻤﺌﻮﻳﺔ ﻟﻠﻔﻴﻨﻮﻻﺕ .ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﻤﺸﻌﻌﺔ ﺑﺄﺷﻌﺔ
ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  15ﻛﻴﻠﻮﺟﺮﺍﻱ  ،ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﺸﻌﻌﺔ ﺑﺘﺮﻛﻴﺰ  5ﻛﻴﻠﻮﺟﺮﺍﻱ
ﺃﻭ ﺗﺨﺰﻳﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺑﻌﺪ ﺗﺸﻌﻴﻌﻬﺎ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ
 5ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻟﻠﺒﻮﺗﺎﺳﻴﻮﻡ .ﺗﺸﻌﻴﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ
ﺍﺛﻴﻠﻴﻦ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﺑﺪﻭﻥ ﺗﺨﺰﻳﻦ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻟﻼﺣﻤﺎﺽ
ﺍﻷﻣﻴﻨﻴﺔ ﺍﻟﺤﺮﺓ .ﻟﻢ ﻳﻜﻦ ﻫﻨﺎﻙ ﺗﺄﺛﻴﺮ ﻣﻌﻨﻮﻱ ﻟﻠﻤﻌﺎﻣﻼﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻋﻠﻰ ﺍﻻﻧﺪﻭﻻﺕ ﺍﻟﻜﻠﻴﺔ.

 .2ﺗﺄﺛﻴﺮ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ،ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﻭ ﺍﻟﺘﻔﺎﻋﻞ ﺑﻴﻨﻬﻢ ﻋﻠﻰ ﺍﻟﻨﺸﺎﻁ
ﺿﺪ ﺍﻟﻤﻴﻜﺮﻭﺑﻲ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻟﺜﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ
ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺸﻌﻴﻌﻬﺎ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  5ﻛﻴﻠﻮﺟﺮﺍﻱ
ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻟﻤﻴﻜﺮﻭﺏ  ،Staphylococcus aureusﺑﻴﻨﻤﺎ ﺍﻟﺰﻳﺖ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ
ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺸﻌﻌﺔ ﺑـ

 10ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻟﻤﻴﻜﺮﻭﺏ

Salmonella

 .typhimuriumﺃﻋﻠﻰ ﻣﻀﺎﺩ ﻓﻄﺮﻱ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﻣﻦ ﺍﻟﺰﻳﺖ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻟﺜﻤﺎﺭ
ﺍﻟﻤﺸﻌﻌﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ  15ﻛﻴﻠﻮﺟﺮﺍﻱ.
ﺯﻳﻮﺕ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺑﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺃﻅﻬﺮﺕ ﺃﻋﻠﻰ
ﻧﺸﺎﻁ ﺿﺪ ﻣﻴﻜﺮﻭﺑﺎﺕ  Staphylococcus aureusﻭ  .Asperigillus nigerﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ
ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺃﻭ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺃﻋﻄﺖ
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ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﺿﺪ ﻣﻴﻜﺮﻭﺑﻲ  Salmonella typhimuriumﻭ .Penicillium digitatum
ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ
ﻣﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ.
ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﺑﻜﺘﻴﺮﻱ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﻋﻦ ﻁﺮﻳﻖ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ
ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ

 3ﺃﺷﻬﺮ

) (Staphylococcus aureusﺃﻭ ﺍﻟﻤﺸﻌﻌﺔ ﺑـ  15ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ
ﻟﻢ ﻳﺘﻢ ﺗﺨﺰﻳﻨﻬﺎ ) .(Salmonella typhimuriumﻣﻦ ﻧﺎﺣﻴﺔ ﺃﺧﺮﻯ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻓﻄﺮﻱ
ﺿﺪ  Asperigillus nigerﻭ  Penicillium digitatumﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﻋﻦ ﻁﺮﻳﻖ
ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺸﻌﻌﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﺘﻲ ﺗﻢ
ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ .ﺍﻟﺜﻤﺎﺭ ﺍﻟﺘﻲ ﻟﻢ ﻳﺘﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺸﻌﻴﻌﻬﺎ
ﺑـ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻣﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺃﻋﻄﺖ ﺯﻳﺖ ﻁﻴﺎﺭ ﺑﻤﻮﺍﺻﻔﺎﺕ ﻧﺸﺎﻁ ﻗﻮﻱ ﻣﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ.

 .3ﺗﺄﺛﻴﺮ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ،ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﻭ ﺍﻟﺘﻔﺎﻋﻞ ﺑﻴﻨﻬﻢ ﻋﻠﻰ ﺍﻟﻨﺸﺎﻁ
ﺍﻟﻤﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﻟﻤﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ
ﺃ .ﺗﺄﺛﻴﺮ ﺟﺮﻋﺔ ﺍﻷﺷﻌﺔ
ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﺑﻜﺘﻴﺮﻱ ﺿﺪ

 Staphylococcus aureusﻭ Salmonella

 typhimuriumﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﺑﻮﺍﺳﻄﺔ ﻣﻌﺎﻣﻠﺔ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ
ﺃﺷﻌﺔ ﺟﺎﻣﺎ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻓﻄﺮﻱ )

 5ﻛﻴﻠﻮﺟﺮﺍﻱ.

 Asperigillus nigerﻭ

 (Penicillium digitatumﻭ ﺍﻟﺨﻤﻴﺮﺓ ).(Saccharomyces cerevisiae
ﺏ .ﺗﺄﺛﻴﺮ ﻣﺪﺓ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﺍﻟﺨﺎﻣﺎﺕ
ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻋﺰﺯﺕ ﻣﻦ ﺍﻟﻨﺸﺎﻁ ﺍﻟﻤﻀﺎﺩ
ﻣﻴﻜﺮﻭﺑﻲ ﻟﻤﺴﺘﺨﻠﺼﺎﺕ ﺍﻟﺜﻤﺎﺭ ﺿﺪ ، Asperigillus niger ، Staphylococcus aureus
ﺍﻟﺨﻤﻴﺮﺓ .ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻟﻤﺪﺓ  3ﺃﻭ  6ﺃﺷﻬﺮ ﺳﺠﻠﺖ ﺃﻋﻠﻰ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ
 Penicillium digitatumﻭ  ، Salmonella typhimuriumﻋﻠﻰ ﺍﻟﺘﻮﺍﻟﻲ.
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ﺝ .ﺗﺄﺛﻴﺮ ﺗﺮﻛﻴﺰ ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ
ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻛﺎﻥ ﻓﻌﺎﻻً ﻓﻲ ﺯﻳﺎﺩﺓ ﺍﻟﻨﺸﺎﻁ
ﺍﻟﻤﻀﺎﺩ ﺑﻜﺘﻴﺮﻱ )  Staphylococcus aureusﻭ  ،(Salmonella typhimuriumﻣﻀﺎﺩ
ﻓﻄﺮﻱ ) niger

 Asperigillusﻭ digitatum

 (Penicilliumﻭ ﺍﻟﻤﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ

) ،(Saccharomyces cerevisiaeﻭ ﺳﺠﻞ ﺃﻋﻠﻰ ﻣﺴﺎﺣﺎﺕ ﺗﺜﺒﻴﻂ.
ﺩ .ﺗﺄﺛﻴﺮ ﺍﻟﺘﻔﺎﻋﻞ ﻣﺎ ﺑﻴﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﻭ ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﺍﻟﺨﺎﻣﺎﺕ
ﺃﻋﻠﻰ ﺗﺄﺛﻴﺮ ﻣﻀﺎﺩ ﻓﻄﺮﻱ ﺿﺪ

 Staphylococcus aureusﻭ Salmonella

 typhimuriumﻟﻤﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﻋﻦ ﻁﺮﻳﻖ ﺗﺸﻌﻴﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ
ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺑـ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﻣﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺪﻭﻥ ﺗﺨﺰﻳﻦ .ﺃﻳﻀﺎً 5 ،ﻛﻴﻠﻮﺟﺮﺍﻱ ﻣﻦ
ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ

 Asperigillusﻭ

niger

 Saccharomyces cerevisiaeﻋﻨﺪ ﺗﻌﺒﺌﺔ ﺍﻟﺜﻤﺎﺭ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ 6
ﺃﺷﻬﺮ .ﻣﻦ ﻧﺎﺣﻴﺔ ﺃﺧﺮﻯ ،ﺍﻟﺘﺸﻌﻴﻊ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﻟﻠﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺑـ 10
ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﺘﺨﺰﻳﻦ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻓﻄﺮﻱ ﺿﺪ

Penicillium

.digitatum
ﻫـ .ﺗﺄﺛﻴﺮ ﺍﻟﺘﻔﺎﻋﻞ ﺑﻴﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﻭ ﺗﺮﻛﻴﺰ ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ
ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﺑﻜﺘﻴﺮﻱ ﺿﺪ

 Staphylococcus aureusﻭ Salmonella

 typhimuriumﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﺑﺎﺳﺘﺨﺪﺍﻡ ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ

 40000ﺟﺰء ﻓﻲ

ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﺍﻟﺘﺪﺍﺧﻞ ﻣﻊ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺑﺘﺮﻛﻴﺰ  5ﻛﻴﻠﻮﺟﺮﺍﻱ .ﺃﻳﻀﺎً ،ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ
 40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﻓﺼﻠﻪ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺸﻌﻴﻌﻬﺎ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ

 10ﻛﻴﻠﻮﺟﺮﺍﻱ

ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ  Asperigillus nigerﻭ ﺍﻟﺨﻤﻴﺮﺓ .ﻣﻦ ﺟﻬﺔ ﺃﺧﺮﻯ،
ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  5000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﻌﺮﺿﺔ
ﻟﻼﺷﻌﺎﻉ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻓﻄﺮﻱ ﺿﺪ .Penicillium digitatum

5

ﻭ .ﺗﺄﺛﻴﺮ ﺍﻟﺘﻔﺎﻋﻞ ﻣﺎ ﺑﻴﻦ ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﺍﻟﺨﺎﻣﺎﺕ ﻭ ﺗﺮﻛﻴﺰ ﻣﺴﺘﺨﻠﺺ
ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ
ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ
ﻣﻴﻜﺮﻭﺑﻲ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺮﺿﺔ ﻟﺠﻤﻴﻊ ﻣﺪﺩ ﺍﻟﺘﺨﺰﻳﻦ ﻭ ﺍﻟﻌﺒﻮﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ
) ،(Staphylococcus aureusﺍﻟﺜﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ
) ،(Salmonella typhimuriumﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ
) ،(Asperigillus nigerﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ

 3ﺃﺷﻬﺮ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ

) (Penicillium digitatumﻭ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ
).(Saccharomyces cerevisiae
ﺯ .ﺗﺄﺛﻴﺮ ﺍﻟﺘﻔﺎﻋﻞ ﻣﺎ ﺑﻴﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ،ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﺨﺘﻠﻔﺔ ﺍﻟﺨﺎﻣﺎﺕ ﻭ ﺗﺮﻛﻴﺰ
ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ
ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ

 40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﺑﺎﻟﺘﻔﺎﻋﻞ ﻣﻊ ﺑﺎﻗﻲ

ﺍﻟﻤﻌﺎﻣﻼﺕ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ ﻛﻞ ﺍﻟﻤﻴﻜﺮﻭﺑﺎﺕ ﺍﻟﺘﻲ ﺗﻢ ﺩﺭﺍﺳﺘﻬﺎ ﻓﻴﻤﺎ ﻋﺪﺍ
 .Penicillium digitatumﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ
ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺗﺸﻌﻴﻊ ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺗﺮﻛﻴﺰﻫﺎ

5

ﻛﻴﻠﻮﺟﺮﺍﻱ ﺑﺪﻭﻥ ﺗﺨﺰﻳﻦ ﺃﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ،ﺃﻭ ﺍﻟﺘﺸﻌﻴﻊ ﺑـ  15ﻛﻴﻠﻮﺟﺮﺍﻱ ﻟﻠﺜﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ
ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻣﻊ ﺍﻟﺘﺨﺰﻳﻦ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﻣﻌﻨﻮﻳﺎ ً ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ
 .Staphylococcus aureusﻧﻔﺲ ﺍﻟﺘﺮﻛﻴﺰ ﺍﻟﺴﺎﺑﻖ ﻣﻦ ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻣﻊ ﻋﺪﻡ
ﻣﻌﺎﻣﻠﺘﻬﺎ ﺑﺎﻻﺷﻌﺎﻉ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻣﺴﺎﺣﺎﺕ
ﺗﺜﺒﻴﻂ ﻟـ  .Salmonella typhimuriumﺃﻳﻀﺎً ،ﻣﻊ ﻧﻔﺲ ﺍﻟﺘﺮﻛﻴﺰ ﺍﻟﺴﺎﺑﻖ ﻟﻤﺴﺘﺨﻠﺺ ﻟﻠﺜﻤﺎﺭ
ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺎﻷﺷﻌﺔ ﺑﺘﺮﻛﻴﺰ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺑﺪﻭﻥ ﺗﺨﺰﻳﻦ ﺃﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ
ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻗﻴﻢ ﺗﺜﺒﻴﻂ ﻟﻠـ

.Asperigillus niger

ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  5000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺍﻟﺜﻤﺎﺭ ﺍﻟﺘﻲ ﺗﻢ
ﺍﺷﻌﺎﻋﻬﺎ ﺑـ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻗﻴﻢ
ﺗﺜﺒﻴﻂ ﻟـ  .Penicillium digitatumﻣﻦ ﺟﻬﺔ ﺃﺧﺮﻯ ،ﺍﻟﺘﺮﻛﻴﺰ ﺍﻟﻘﻮﻱ ﻣﻦ ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ
ﺍﻟﻜﻤﻮﻥ )  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ( ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ
6

ﺍﻟﺜﻤﺎﺭ ﺍﻟﻤﺸﻌﻌﺔ ﺑـ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ 6
ﺃﺷﻬﺮ.
ﻳﻤﻜﻦ ﺃﻥ ﻧﺨﻠﺺ ﺍﻟﻰ ﺃﻧﻪ ﻋﺪﻡ ﺗﺸﻌﻴﻊ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ
ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ .ﺑﺎﻻﺿﺎﻓﺔ ﺍﻟﻰ ﺫﻟﻚ،
ﻳﻤﻜﻦ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻰ ﻧﺴﺒﺔ ﻋﺎﻟﻴﺔ ﻣﻦ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺗﺤﺖ ﻅﺮﻭﻑ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﻄﻮﻳﻞ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ
ﻋﻨﺪ ﺗﻌﺒﺌﺔ ﺍﻟﺜﻤﺎﺭ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺗﻌﺮﻳﻀﻬﺎ ﻷﺷﻌﺔ ﺟﺎﻣﺎ

 10ﻛﻴﻠﻮﺟﺮﺍﻱ .ﻳﻤﻜﻦ

ﺍﺳﺘﻌﻤﺎﻝ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻟﺜﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻛﻌﺎﻣﻞ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﻓﻌﺎﻝ .ﻓﺼﻞ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻣﻦ
ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺗﺸﻌﻴﻌﻬﺎ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ
ﺍﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﺑﻜﺘﻴﺮﻱ ﻋﻨﺪ ﺍﻟﺘﺨﺰﻳﻦ ﻟﻤﺪﺓ

 5ﺃﻭ  15ﻛﻴﻠﻮﺟﺮﺍﻱ

 3ﺃﺷﻬﺮ ﺃﻭ ﻋﻨﺪ ﻋﺪﻡ ﺍﻟﺘﺨﺰﻳﻦ .ﺛﻤﺎﺭ

ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻐﻴﺮ ﻣﻌﺎﻣﻠﺔ ﺑﺎﻹﺷﻌﺎﻉ ﺛﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ

 6ﺃﺷﻬﺮ

ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻓﻄﺮﻱ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ .ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻐﻴﺮ ﻣﺨﺰﻧﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ
ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺛﻢ ﺗﺸﻌﻴﻌﻬﺎ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ
ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ .ﻣﻦ ﻧﺎﺣﻴﺔ ﺃﺧﺮﻯ ،ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻣﻦ ﺍﻟﻤﻤﻜﻦ ﺃﻳﻀﺎ ً ﺍﺳﺘﻌﻤﺎﻟﻪ ﻛﻤﻀﺎﺩ
ﻣﻴﻜﺮﻭﺑﻲ .ﺑﺼﻔﺔ ﻋﺎﻣﺔ ،ﻣﺴﺘﺨﻠﺺ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﺗﺪﺍﺧﻠﻪ ﻣﻊ
ﺍﻟﻤﻌﺎﻣﻼﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺑﺪﺭﺟﺎﺕ ﻣﺘﻔﺎﻭﺗﺔ ﻣﻦ ﺍﻟﺘﺄﺛﻴﺮ ﺿﺪ ﺟﻤﻴﻊ
ﺍﻟﻤﻴﻜﺮﻭﺑﺎﺕ ﻣﺤﻞ ﺍﻟﺪﺭﺍﺳﺔ ﻓﻴﻤﺎ ﻋﺪﺍ  Penicillium digitatumﺣﻴﺚ ﻛﺎﻥ ﺗﺮﻛﻴﺰ  5000ﺟﺰء
ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻫﻮ ﺍﻷﻓﻀﻞ.
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ﺍﻟﺪﺭﺟﺔ :ﺩﻛﺘﻮﺭﺍﻩ ﺍﻟﻔﻠﺴﻔﺔ
ﺍﺳﻢ ﺍﻟﻄﺎﻟﺐ :ﺭﻣﻀﺎﻥ ﻋﻄﻴﺔ ﻣﺤﻤﺪ
ﻋﻨﻮﺍﻥ ﺍﻟﺮﺳﺎﻟﺔ :ﺩﺭﺍﺳﺎﺕ ﻛﻴﻤﺎﻭﻳﺔ ﻭ ﺑﻴﻮﻟﻮﺟﻴﺔ ﻋﻠﻰ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺑﻐﺮﺽ
ﺍﻟﺤﻔﻆ
ﺍﻟﻤﺸﺮﻓﻮﻥ :

ﺩﻛﺘﻮﺭ :ﻋﺎﻁﻒ ﻣﺤﻤﺪ ﺯﻛﺮﻳﺎ ﺳﺮﺣﺎﻥ
ﺩﻛﺘﻮﺭ :ﻣﺤﻤﺪ ﺳﻴﺪ ﺣﻨﻔﻲ
ﺩﻛﺘﻮﺭ :ﻋﺒﺪ ﷲ ﻋﺒﺪ ﷲ ﺍﻟﺴﻴﺪ

ﻗﺴﻢ :ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ

ﻓﺮﻉ- :

ﺗﺎﺭﻳﺦ ﻣﻨﺢ ﺍﻟﺪﺭﺟﺔ2011 /10 /4 :

ﺍﻟﻤﺴﺘﺨﻠﺺ ﺍﻟﻌﺮﺑﻲ
ﺗﻢ ﺇﺟﺮﺍء ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺑﻘﺴﻢ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ ،ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ ،ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ ﻭ ﺍﻟﻤﺮﻛﺰ ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭ
ﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ – ﻣﺪﻳﻨﺔ ﻧﺼﺮ ﻭ ﺍﻟﻤﻌﻤﻞ ﺍﻟﻤﺮﻛﺰﻱ ،ﻣﻌﻬﺪ ﺑﺤﻮﺙ ﺍﻟﺒﺴﺎﺗﻴﻦ ،ﻣﺮﻛﺰ ﺍﻟﺒﺤﻮﺙ ﺍﻟﺰﺭﺍﻋﻴﺔ ،ﺍﻟﺠﻴﺰﺓ،
ﻣﺼﺮ ﺧﻼﻝ ﺍﻟﻤﻮﺍﺳﻢ ﻣﻦ  2008ﺇﻟﻰ  .2010ﺗﻬﺪﻑ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺍﻟﻰ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺟﺮﻋﺎﺕ ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ
)ﺻﻔﺮ 10 ،5 ،ﻭ  15ﻛﻴﻠﻮﺟﺮﺍﻱ( ﻭ ﻓﺘﺮﺍﺕ ﺗﺨﺰﻳﻦ ﻣﺨﺘﻠﻔﺔ )ﺻﻔﺮ 3 ،ﻭ  6ﺷﻬﻮﺭ( ﻓﻲ ﺧﺎﻣﺎﺕ ﺗﻌﺒﺌﺔ ﻣﺨﺘﻠﻔﺔ )ﺍﻟﻘﻄﻦ ﻭ
ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ( ﻋﻠﻰ ﺟﻮﺩﺓ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻭ ﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﻜﻴﻤﻴﺎﺋﻲ ﻝﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ .ﻭ ﻣﻦ ﺟﻬﺔ ﺃﺧﺮﻯ ﺗﻤﺖ ﺩﺭﺍﺳﺔ ﺍﻟﻨﺸﺎﻁ
ﺍﻟﻤﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺃﻭ ﻣﺴﺘﺨﻠﺼﺎﺕ ﺍﻝ ﺛﻤﺎﺭ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺘﺮﻛﻴﺰﺍﺕ ﻣﺨﺘﻠﻔﺔ )ﺻﻔﺮ،10000 ،5000 ،
 20000ﻭ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ(.
ﺃﻅﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﺘﺎﻟﻲ :ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻟﻠﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻬﺎ ﻣﻦ ﺍﻝ ﺛﻤﺎﺭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ 3
ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻛﻤﻀﺎﺩ
ﺃﺷﻬﺮ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﻣﻦ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﻟﻢ ﻳﺘﻢ ﺗﺸﻌﻴﻌﻬﺎ .ﻓﻴﻤﺎ ﻳﺘﻌﻠﻖ ﺑﺎﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﻝ
ﻣﻴﻜﺮﻭﺑﻲ ،ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﺑﻜﺘﻴﺮﻱ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﻋﻦ ﻁﺮﻳﻖ ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻝﺛﻤﺎﺭ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ
ﺟﺎﻣﺎ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ) (Staphylococcus aureusﺃﻭ ﺍﻟﻤﺸﻌﻌﺔ ﺑـ
 15ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﻟﻢ ﻳﺘﻢ ﺗﺨﺰﻳﻨﻬﺎ )  .(Salmonella typhimuriumﻣﻦ ﻧﺎﺣﻴﺔ ﺃﺧﺮﻯ
ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻓﻄﺮﻱ ﺿﺪ Asperigillus nigerﻭ  Penicillium digitatumﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻪ ﻋﻦ ﻁﺮﻳﻖ
ﺍﻟﺰﻳﺖ ﺍﻟﻄﻴﺎﺭ ﺍﻟﻤﻔﺼﻮﻝ ﻣﻦ ﺍﻝﺛﻤﺎﺭ ﺍﻟﻐﻴﺮ ﻣﺸﻌﻌﺔ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ.
ﺍﻝﺛﻤﺎﺭ ﺍﻟﺘﻲ ﻟﻢ ﻳﺘﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺸﻌﻴﻌﻬﺎ ﺑـ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻣﻦ ﺃﺷﻌﺔ ﺟﺎﻣﺎ ﺃﻋﻄﺖ
ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ
ﺯﻳﺖ ﻁﻴﺎﺭ ﺑﻤﻮﺍﺻﻔﺎﺕ ﻧﺸﺎﻁ ﻗﻮﻱ ﻣﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ .ﻣﺴﺘﺨﻠﺺ
ﺑﺎﻟﺘﻔﺎﻋﻞ ﻣﻊ ﺑﺎﻗﻲ ﺍﻟﻤﻌﺎﻣﻼﺕ ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ ﻛﻞ ﺍﻟﻤﻴﻜﺮﻭﺑﺎﺕ ﺍﻟﺘﻲ ﺗﻢ ﺩﺭﺍﺳﺘﻬﺎ ﻓﻴﻤﺎ ﻋﺪﺍ ﻓﻄﺮ
 .Penicillium digitatumﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  40000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺗﺸﻌﻴﻊ
ﺍﻝﺛﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ ﺗﺮﻛﻴﺰﻫﺎ  5ﻛﻴﻠﻮﺟﺮﺍﻱ ﺑﺪﻭﻥ ﺗﺨﺰﻳﻦ ﺃﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ،
ﺃﻭ ﺍﻟﺘﺸﻌﻴﻊ ﺑـ  15ﻛﻴﻠﻮﺟﺮﺍﻱ ﻟﻞﺛﻤﺎﺭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻣﻊ ﺍﻟﺘﺨﺰﻳﻦ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﻣﻌﻨﻮﻳﺎ ً ﺃﻋﻠﻰ ﻧﺸﺎﻁ
ﻣﻀﺎﺩ ﻣﻴﻜﺮﻭﺑﻲ ﺿﺪ  .Staphylococcus aureusﻧﻔﺲ ﺍﻟﺘﺮﻛﻴﺰ ﺍﻟﺴﺎﺑﻖ ﻣﻦ ﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﻣﻊ ﻋﺪﻡ
ﻣﻌﺎﻣﻠﺘﻬﺎ ﺑﺎﻻﺷﻌﺎﻉ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻣﺴﺎﺣﺎﺕ ﺗﺜﺒﻴﻂ ﻟـ Salmonella
 .typhimuriumﺃﻳﻀﺎً ،ﻣﻊ ﻧﻔﺲ ﺍﻟﺘﺮﻛﻴﺰ ﺍﻟﺴﺎﺑﻖ ﻟﻤﺴﺘﺨﻠﺺ ﻟﻞ ﺛﻤﺎﺭ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺎﻷﺷﻌﺔ ﺑﺘﺮﻛﻴﺰ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ
ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﺑﺪﻭﻥ ﺗﺨﺰﻳﻦ ﺃﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ  3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻗﻴﻢ ﺗﺜﺒﻴﻂ ﻟﻠـ
 .Asperigillus nigerﻣﺴﺘﺨﻠﺺ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺑﺘﺮﻛﻴﺰ  5000ﺟﺰء ﻓﻲ ﺍﻟﻤﻠﻴﻮﻥ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺍﻝﺛﻤﺎﺭ ﺍﻟﺘﻲ ﺗﻢ
 3ﺃﺷﻬﺮ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﻗﻴﻢ ﺗﺜﺒﻴﻂ ﻟـ
ﺍﺷﻌﺎﻋﻬﺎ ﺑـ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ ﻗﻤﺎﺵ ﺍﻟﻘﻄﻦ ﻭ ﺍﻟﻤﺨﺰﻧﺔ ﻟﻤﺪﺓ
ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ )  40000ﺟﺰء ﻓﻲ
 .Penicillium digitatumﻣﻦ ﺟﻬﺔ ﺃﺧﺮﻯ ،ﺍﻟﺘﺮﻛﻴﺰ ﺍﻟﻘﻮﻱ ﻣﻦ ﻣﺴﺘﺨﻠﺺ
ﺍﻟﻤﻠﻴﻮﻥ( ﺃﻋﻄﻰ ﺃﻋﻠﻰ ﻧﺸﺎﻁ ﻣﻀﺎﺩ ﻟﻠﺨﻤﻴﺮﺓ ﻋﻨﺪ ﺍﺳﺘﺨﻼﺻﻪ ﻣﻦ ﺍﻝ ﺛﻤﺎﺭ ﺍﻟﻤﺸﻌﻌﺔ ﺑـ  10ﻛﻴﻠﻮﺟﺮﺍﻱ ﻭ ﺍﻟﻤﻌﺒﺄﺓ ﻓﻲ
ﻋﺒﻮﺍﺕ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ﻭ ﺍﻟﺘﻲ ﺗﻢ ﺗﺨﺰﻳﻨﻬﺎ ﻟﻤﺪﺓ  6ﺃﺷﻬﺮ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺪﺍﻟﺔ :ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ،ﺍﻟﻜﻤﻮﻥ ،ﺍﻻﺷﻌﺎﻉ ،ﻓﺘﺮﺍﺕ ﺍﻟﺘﺨﺰﻳﻦ ،ﺧﺎﻣﺔ ﺍﻟﻌﺒﻮﺍﺕ ،ﺍﻟﻘﻄﻦ ،ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ ،ﻣﻀﺎﺩ
ﻣﻴﻜﺮﻭﺑﻲ ،ﺯﻳﺖ ﻁﻴﺎﺭ.

ﺩﺭﺍﺳﺎﺕ ﻛﻴﻤﺎﻭﻳﺔ ﻭ ﺑﻴﻮﻟﻮﺟﻴﺔ ﻋﻠﻰ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ
ﺑﻐﺮﺽ ﺍﻟﺤﻔﻆ
ﺭﺳﺎﻟﺔ ﺩﻛﺘﻮﺭﺍﻩ ﺍﻟﻔﻠﺴﻔﺔ
ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ
)ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ(
ﻣﻘﺪﻣﺔ ﻣﻦ

ﺭﻣﻀﺎﻥ ﻋﻄﻴﺔ ﻣﺤﻤﺪ ﺣﺴﻨﻴﻦ
ﺑﻜﺎﻟﻮﺭﻳﻮﺱ ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ )ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ( -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ1992 ،
ﻣﺎﺟﺴﺘﻴﺮ ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ )ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ( -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋـــﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ2003 ،

ﻟﺠﻨﺔ ﺍﻹﺷﺮﺍﻑ

ﺩﻛﺘﻮﺭ /ﻋﺎﻁﻒ ﻣﺤﻤﺪ ﺯﻛﺮﻳﺎ ﺳﺮﺣﺎﻥ

ﺃﺳﺘﺎﺫ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ

ﺩﻛﺘﻮﺭ /ﻣﺤﻤﺪ ﺳﻴﺪ ﺣﻨﻔﻲ

ﺃﺳﺘﺎﺫ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ – ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ

ﺩﻛﺘﻮﺭ /ﻋﺒﺪ ﷲ ﻋﺒﺪ ﷲ ﺍﻟﺴﻴﺪ

ﺃﺳﺘﺎﺫ ﻋﻠﻮﻡ ﺍﻷﻏﺬﻳﺔ  -ﺍﻟﻤﺮﻛﺰ ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭ ﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ  -ﺍﻟﻘﺎﻫﺮﺓ

ﺩﺭﺍﺳﺎﺕ ﻛﻴﻤﺎﻭﻳﺔ ﻭ ﺑﻴﻮﻟﻮﺟﻴﺔ ﻋﻠﻰ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ
ﺑﻐﺮﺽ ﺍﻟﺤﻔﻆ

ﺭﺳﺎﻟﺔ ﺩﻛﺘﻮﺭﺍﻩ ﺍﻟﻔﻠﺴﻔﺔ
ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ
)ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ(
ﻣﻘﺪﻣﺔ ﻣﻦ

ﺭﻣﻀﺎﻥ ﻋﻄﻴﺔ ﻣﺤﻤﺪ ﺣﺴﻨﻴﻦ
ﺑﻜﺎﻟﻮﺭﻳﻮﺱ ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ )ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ( -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ1992 ،
ﻣﺎﺟﺴﺘﻴﺮ ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ )ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ( -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋـــﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ2003 ،

ﻟﺠﻨﺔ ﺍﻟﺤﻜﻢ
ﺩﻛﺘﻮﺭ /ﺃﺷﺠﺎ ﻣﺤﻤﻮﺩ ﺍﻟﻌﺪﻭﻱ ﻧﺎﺻﻒ .................................................................
ﺃﺳﺘﺎﺫ ﻋﻠﻮﻡ ﺍﻷﻏﺬﻳﺔ  -ﺍﻟﻤﺮﻛﺰ ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭ ﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ  -ﺍﻟﻘﺎﻫﺮﺓ
ﺩﻛﺘﻮﺭ/ﻋﺰﺓ ﻣﺤﻤﺪ ﺳﻌﻴﺪ ﻋﺮﻓﺔ .........................................................................
ﺃﺳﺘﺎﺫ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ – ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ – ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ
ﺩﻛﺘﻮﺭ /ﻣﺤﻤﺪ ﺳﻴﺪ ﺣﻨﻔﻲ ..................................................................................
ﺃﺳﺘﺎﺫ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ – ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ – ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ
ﺩﻛﺘﻮﺭ /ﻋﺎﻁﻒ ﻣﺤﻤﺪ ﺯﻛﺮﻳﺎ ﺳﺮﺣﺎﻥ ..................................................................
ﺃﺳﺘﺎﺫ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ – ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ – ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ

ﺍﻟﺘﺎﺭﻳﺦ 2011 / 10 / 4

ﺩﺭﺍﺳﺎﺕ ﻛﻴﻤﺎﻭﻳﺔ ﻭ ﺑﻴﻮﻟﻮﺟﻴﺔ ﻋﻠﻰ ﺛﻤﺎﺭ ﺍﻟﻜﻤﻮﻥ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺑﺄﺷﻌﺔ ﺟﺎﻣﺎ
ﺑﻐﺮﺽ ﺍﻟﺤﻔﻆ

ﺭﺳﺎﻟﺔ ﻣﻘﺪﻣﺔ ﻣﻦ

ﺭﻣﻀﺎﻥ ﻋﻄﻴﺔ ﻣﺤﻤﺪ ﺣﺴﻨﻴﻦ
ﺑﻜﺎﻟﻮﺭﻳﻮﺱ ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ )ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ( -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ1992 ،
ﻣﺎﺟﺴﺘﻴﺮ ﻓﻲ ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ )ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ( -ﻛﻠﻴﺔ ﺍﻟﺰﺭﺍﻋـــﺔ  -ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ2003 ،

ﻟﻠﺤﺼﻮﻝ ﻋﻠﻰ ﺩﺭﺟﺔ

ﺩﻛﺘﻮﺭﺍﻩ ﺍﻟﻔﻠﺴﻔﺔ
ﻓﻲ

ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ
)ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ(

ﻗﺴـــــــﻢ ﺑﺴﺎﺗﻴﻦ ﺍﻟﺰﻳﻨﺔ
ﻛﻠﻴــــــﺔ ﺍﻟﺰﺭﺍﻋـــــﺔ
ﺟـﺎﻣﻌــﺔ ﺍﻟﻘــﺎﻫﺮﺓ

ﻣﺼــــــــﺮ
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