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EFFET OF STERILIZATION ON QUALITY OF
CARAWAY (CARUM CARVI, L.) FRUITS USING
LASER AND SAFE RADIATION WAVES
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ABSTRACT

In this work, three types of light used for Caraway fruits sterilization
namely heliuni-neon (He-Ne) green laser at wavelength 543.5 nm,
ultraviolet ( UV ) light ~at wavelength 245 nm and helium-neon (He-
Ne) red laser at wavelength 632.8 nm with exposure times (1, 3,5, 10
and 15 min. ) with the aim of studying the effect for type of radiation,
exposure time and their interaction on Caraway fruits. Investigated
the measurements dimensions from length, width thickness, volume,
diameter geometric, diameter area, frontal area, transverse area,
sphericity with constant moisture to some of sterilization treatments for
Carum Carvi, L. fruits. Also in this work studied the correlation for
length/ width, length/ thickness, width/ thickness, frontal area/
transverse area, sphericity/ frontal area, sphericity/ transverse area,
geometric diameter/ area diameter, sphericity/ geometric diameter and
sphericity/ area diameter. The obtained results indicated that
sterilization treatment by He-Ne red laser at doses of 3 and [0 min.
recorded the significant effects as increased in essential oil percentage,
moisture content. Also the sterilization treatment by ultraviolet radiation
at dose of 10 min. recorded significant effect in carbohydrate.
Meanwhile, concerning  germination percentage, there was an
observable increased in germination percent with wavelength 632.8 nm
with dose of 3 min. and ultraviolet radiation (UV) at wavelength 245
nm with dose of 15 min. Finally, it is recommend that using
sterilization by helium-neon green at 10 min. in order to eliminate the
microbial load.
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The sterilization treatment by helinm-neon (green & red) and ultraviolet
recorded the controlling on microbial load, this means extended period
of preservation. It was considered that the sterilization by this method
eco-friendly and safe method.
INTRODUCTION

he importance of medicinal and aromatic plants and the trend of

the world nations for wusing these plants in the curing and

avoiding the chemical medicine which has harmful effect on
the environment and the public health. Many of medicinal and aromatic
products refused after its export, because its contamination and no
according to world measurement specifics. Therefore, this study that
ternd of sterilization of medicinal and aromatic plant. So it leads to the
importance for sterilizing these products and keeping them for long
time free from contamination.
Abou Donia (2008) in Egypt studied that representative figures for the
microbial status of dried herbal materials including an aerobic bacterial

count, coliform yeast and mold were 10 ° to 10° ), (10 to 10x 10%) and
(3 to 10%) CFU/g. Moreover, fungi were found in all of collected samples.
Aspergillus, Penicillium genera were more frequently detected than other
genera (Alternaroia, Absidia spp., Rhizoctonia and Cladosporium spp. ).
It was concluded that spices and medicinal plants may be high risk
products and therefore, more studies are necessary to find methods of
decontamination.

Several methods of sterilization initiated from heating, colding, drying,
fermentation, chemicals, until irradiation which it considered as once of
food preservation methods; ( Blanck, 1955).

The sterilization with UV was method eco-friendly and safe for storage
without the need for postharvest application; ( Hidaka, Y. and Kubota,
K; 2006 ). As that the He-Ne laser was modern method for sterilization
and achieve safely, as in who applied that the laser irradiation is safely
utilized as new technology to inhibit growth of microorganisms ( Ouf
and Abdel Hady,1999).

The aim of this study: 1- Determination of suitable radiation in process
of the caraway fruits sterilization from the wavelength, the exposure
times and the power which use to radiation.
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2- Study of the radiation effect on component and elements of the
materials of fruits. 3- Obtain on safe product valid for storage and the
export according to the world standards.

MATERIAL AND METHODS

Source of samples: Fruits of caraway ( Carum carvi, L. ) were obtained
from private farm in Qanater. The samples were analyzed directly after
carrying out the sterilization process. The caraway fruits were irradiated
in the dark. Three types of light used for- caraway. fruits irradiation were
He-Ne laser ( green and red ) and Ultraviolet light ( UV ) with different
wavelengthes and different times were 1 , 3,5, 10 and 15 min. The
light source used was green helium/neon ( He-Ne gas laser ) NEC Japan
that emits light corporation with output power 5 mw and the wavelength
543.5 nm with collimated beam diameter of 10 cm. While the light
source used was red helium/neon ( He-Ne gas laser ) NEC Japan that
emits light corporation with output power 30 mw and the wavelength
632.8 nm with collimated beam diameter of 10 cm. The light source
used was red helium/neon ( He-Ne gas laser ) NEC Japan that emits light
corporation with output power 30 mw. The wavelength 632.8 nm with
collimated beam diameter of 10 cm. Resulting in an energy dose J and
irradiation time was 1, 3, 5, 10, 15 min. As that the chamber utilized for
UV irradiation it contains two lamps ( 20 Watts/ each ); 115 VAC/ 60 Hz
with length 60 cm ), that emit 90% continuous UV light was mounted on
chamber walls with equidistant ( 40 cm ) from each other at 10 cm
height from chamber bottom and wavelength 245 nm.

Physical properties analysis: The shape and size were studied in terms
of caraway as moisture content "M.C", length "L" (mm), width "W"
and thickness "T" (mm), volume "V" (mm?), geometric diameter "Dg"
(mm), arithmetic diameter "Da" (mm), sphericity " S " ( % ), frontal area
"At" (mm?) and transverse area "At" (mm?) using the equations of El-
Raie, 1987. Individual fruits as random sample of hundred fruits from the
studied caraway fruits.

Microbiological analysis: Non-irradiated and irradiated samples (10 g
each) were placed in a blender cup containing saline solution (90 ml,
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.82%) and stirred for 5 min and used to prepare serial dilutions according
to standard methods (Associaton od Official Analytical Chemists
(AOAC, 1990). The resultant solutions were used for the following
microbial examinations: total plate counts, spore forming bacteria
counts., total coliform and feca! coliform counts, staphylococcus aureus
counts and total fungi.

Seed germination measurements: Germination percentage of caraway
seeds was calculated according to the ISTA  rules ( ISTA,
1999). Also, the germination speed was calculated according to Edmond
et al,(1977).

Moisture content analysis (d.b): Determination of water percent of
known weight of dry samples of caraway fruits ( 10 g.) was accurately
weighed and dried in oven at 70 ° C until constant weight according to
A.0.A.C. (2000).

Essential oil analysis: The essential oil percentage of each treatment of
caraway fruits was determined using water distillation method according
to the British pharmacopoeia ( 1963 ). Also, essential oil constituents
were analyzed using gas liquid chromatography (GLC ) to determine the
main constituents according to Hoftman ( 1967 ).

Statistical analysis. The obtained experimental data was performed using One
way Anova analysis. Results were displayed as the differences between the
means treatments were tested using modified L.S.D. The means were
significantly different if the value was = 0.5 according to Snedecor and
Cochran (1980).

RESULTS AND DISCUSSION
1.Physical properties In this work investigated the measurements
dimensions from length, width, thickness, volume, diameter geometric,
diameter area, frontal area, transverse area, sphericity with constant
moisture to some of sterilization treatments for caraway fruits, where
the treatments was the helium-neon ( He-Ne ) green laser at wavelength
543.5 nm and at doses of (1,3, 5 and 10 min. ) as show in the table

(1)
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Table (1): Typical means of samples of 100 fruits, which sterilization by
(He-Ne) laser with 543.5 nm for length (mm), width (mm), thickness (mm),
volume (mm’), diameter geometric (mm), diameter area (mm), frontal

area (mm?) , transverse area (mm?), and sphericity (%).

Exposure L w T \'% Dg/ Da’ A Af s
time ( min.)

1 5.993 2399 1.410 | 10.514 2.692 3.267 2652 | 11.244 | 45944

3 5.842 2.340 1.332 9.586 2.606 3171 2468 | 10.712 | 45475

5 5.933 2.365 1.320 9.651 2.622 3.206 2457 | 10917 | 45250

10 5.869 2406 1.332 9.841 2.637 3.202 2510 | 11.095( 45802
Max- min. 5.993- | 2.406- 1.410- | 10.514- | 2692- 3.267- | 2.652- | 11.244- | 45.944-
5.842 | 2340 1.320 9.586 2.606 3.202 2.457 10.712 | 45.250

Where: L : length , W: width, T : thickness, V : volume, Dg : diameter
geometric, Da:diameter area, At:transverse area, Af: frontal area
and S : sphericity.

Regarding the comparsion between the sterilization treatments by the
helium-neon ( He-Ne ) green laser at the wavelength 543.5 nm with
doses of (1,3, 5 and 10 min. ) for 100 fruits recorded that the highest
value in surface area measurement  ( Af ) was at dose of 1 min. which
recorded 11.244 mm2, while the lower value in surface area
measurement was at dose of 3 min. which recorded 10.712 mm?’.
For the comparsion between the sterilization of all treatments by the
helium-neon  ( He-Ne ) green laser at the wavelength 543.5 nm with
doses of (1,3, 5 and 10 min. ) for 100 fruits recorded that the highest
value in width measurement ( W ) was at dose of 10 min. which recorded
2.406 mm, while the lower value in width measurement was at dose of 3
min. which recorded 2.340 mm. he table (2) show that the correlation
between length/ width was ( 0.038, -0.137), length/ thickness was (0.030,
-0.089), width/ thickness was (0.282, - 0.099 ), frontal area/ transverse
area was (0.459, 0.257), sphericity/ frontal area was ( 0.430, - 0.0246),
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(0.182, - 0.222 ) and sphericity/ area diameter was ( - 0.0391, - 0641 ).

Table (2) : Correlation for different parameter of Caraway fruits, which
sterilization by (He-Ne) laser with wavelength 543.5 nm between length/
width, length/ thickness, width/ thickness, frontal area/ transfere area,
sphericity/ frontal area, sphericity/ transfere area, geometric diameter/

area diameter, sphericity/ geometric diameter and sphericity/ area
diameter.
Exposure |
times L/W| L/T| T/W| Af/At| S/Af| S/At| Dg/Da| S/Dg| S/Da
(min.)
| min. | -134 |-089 | -035| 257 | -344 | 626 | .794 | -070 | -461
3min. | -072 |-033[ 282 | 459 | -246 | 651 | 822 | .182 | -391
5min. | -137 |-089 | .106 | 419 | 344 | 626 | 839 | -070 | -.566
|10 min. .038 030 | -.099 | .446 430 | -470 .878 -222 | -.641
2.Microbiology:
The experiment showed that the effect of different sterilization

treatments on total count microorganisms, fungi and spore former
bacteria which were exposed to two types of lasers helium-neon ( He-

Ne ( green & red ) ) and ultraviolet ( UV ) light.

The results of Table ( 3 ) experiment showed the effect of different
sterilization treatments on total count of microorganismis which were
exposed to two types of lasers helium-neon ( He-Ne) ( 543.5 and 632.8

nm ) and ultraviolet { UV ) light.

Table (3 ) : Total count of microorganisms before and after sterilization

process by different radiation_wavelengths.

Exposure time He-Ne Ultraviolet (UV) He-Ne
( min.) (534.5 nm) laser (245 nm) (632.8 nm) laser
0 >3 x 10’ >3 x107 >3 x 107
1 4 x10° 1x10° 2.5x10°
3 4 x10° 1 x10° 2 x 10°
5 4 x10° 5x10° 2 x 100
10 N.D 5$x10° 3 x10°

The results of table ( 4 ) experiment showed the effect of different
sterilization treatments on sporeformer bacteria which were exposed
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to two types of lasers helium-neon ( He-Ne) ( 543.5 and 632.8 nm )
and ultraviolet ( UV ) light (245 nm ).

Table (4 ) : Sporeformer bacteria before and after sterilization
process. by different radiations wavelengths.

Exposure time He-Ne Ultra Violet He-Ne
{min) ( 543.5 nm 245 nm (632.8 nm
laser) laser)
0 >3 x 107 >3 x 10’ >3 x 107
1 4 % 10° 1.5 x10* 5 x10°
3 4 x 10 1.5 x10* 2.5x10°
5 N.D 4x10° N.D
10 N.D N.D 4x10
15 N.D 4x10° 2x10°

The results of Table ( 5 ) experiment showed the effect of different
sterilization treatments on fungi which were exposed to two types of
lasers helium-neon ( He-Ne lasers ) and ultraviolet ( UV ) light.

Table (5) : Fungi before and after sterilization process by different
radiation wavelengths.

Exposure time | He-Ne( 543.5 nm Ultra Violet He-Ne ( 632.8
{min) laser) 245 nm nm laser)
0 > 3 =10’ > 3 x107 > 3 x 107
1 4 x103 1.4 x 10 1 x10*
3 ) 1x10° N.D
5 N.D 5 x 107 N.D
10 N.D N.D N.D
15 N.D 4 %102 1 x 10’

The results indicated that the caraway fruits sterilized by helium-neon
( He-Ne) green laser at wavelength 543.5 nm with dose of 10 min.
recorded to complete eliminate for all microorganisms which include
( total count bacteria- fungi — spore former bacteria ). As for that the
Caraway fruits sterilized by helium-neon ( He-Ne) green laser at
wavelength 543.5 nm with doses of (3,5, 10 and 15 min. ) recorded -
to complete eliminate for all fungi, while the Caraway fruits sterilized
by ultraviolet (UV) at wavelength 245 nm with doses of recorded
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completely eliminate for all fungi. However, the sterilization treatments
led to reduce of micro-organisms. This agreement with Abou Deonia
(2008 ) where found that sporeforming bacteria were detected in all the
analyzed samples. Concluded that spices and medicinal plants may high
risk products as it contained many pathogenic bacteria and fungi. For
Caraway fruits detected different microorganisms such as aerobic
bacteria 1.8 x10°, sporeformer bacteria 1.8 x 10°, coliform bacteria 2.1
x10, E.coli 1.5 x 10, yeast 3.0 x 10* and mold 1.0 x 10°. CFU/g.

The He-Ne laser ( red light ) with wavelength 632.8 nm treatment could
inactivation the bacteria, and agreement with El-Adly ef al. ( 2007 ),
where they using toluidine blue O ( TBO ), essential oil of Fennel
( Foeniculum vulgare var.dulce ) and light from helium/neon ( He-Ne )
laser at wave length of 632.8 nm with output power 7.3 mw. The
irradiation time was 5, 10 and 15 min for inhibit the Gram-positive and
Gram-negative bacteria. They resulted that the growth in presence of
photosensitizer (L+P+) present the lowest mean Cfu/ml value for all
bacterial spices, indicating that the laser in presence of toluidine blue
was able reduce the viability of these bacterial species. As it agrees
with Ouf and abdel — Hady ( 1999 ) who found that laser irradiation of
soybean seeds for- 3 min caused a clear reduction in number of seed
borne fungi which became more as irradiation times was extended.

3. Germination percentage: The results shown in Table (6) and Fig.
( 1 ) showed that the germination % of Caraway fruits which were
exposed to two types of lasers helium-neon ( He-Ne ( 543.5 nm & 632.8
nm ) ) and ultraviolet ( UV ) light (245 nm).

Table (6 ) : Percentage of germination before and after sterilization

process by different radiation wavelengths.

Exposure time He-Ne( 543 | Ultra Violet | He-Ne (632.8 | Mean

{min) nm laser) | 245 nm nm laser)
0 87.67 87.67 87.67 87.67
] 81 88 90 86.33
3 86.0 80.67 94.33 87.00
5 88.33 93.67 96.67 ' 92.89
10 90.33 96 91.67 92.67
15 90.67 91.67 90 90.78

Mean 87.33 89.61 91.72 89.55
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Where  M: type of radiation , C: exposure time , M*C : interaction

Fig. (1): Effect of different exposure times of He-Ne ( 543.5 nm & 632.8
nm ) Lasers and UV light ( 245 nm ) on germination percentage
of Carum carvi dry fruits.

The results recorded that the increase in germination percentage for the
irradiated fruits with the helium-neon ( He-Ne ) green laser at
wavelength 543.5 nm, doses of ( 10 and 15 min ), the helium-neon
( He-Ne ) red laser at wavelength 632.8 nm, dosesof (1,3, 5, 10 and
15 min. ), the ultraviolet ( UV ) light at wavelength 245 nm, dose of ( 5,
10 and 15 min. ) than the control ( unirradiated fruits ). While the results
recorded the decrease in germination percentage for the irradiated fruits
with the helium-neon ( He-Ne ) green laser at wavelength 543.5 nm,
doses of ( 1 and 3 min. ), the ultraviolet ( UV ) light at wavelength 245
nm, dose of 3 min. than the control ( unirradiated fruits ). Also the
results agreement with Kamuja ef al (1999 ) who studies on the roles
of phytochrome in light — stimulated seed germination. Results

Misr J. Ag. Eng., April 2017 -1051 -




PROCESS ENGINEERING

were agreement with Suchorska ( 1989 ) who irradiated of dry or
soaked seeds by laser neo-helium at 632 nm for 5 min. They found that
the irradiated seeds, especially the soaked batches, of both specie gave
about 75% germination whereas the controls gave only 25% .

They due these results to that irradiation stimulated the seed redox
activity which was correlated with the germination capacity.
4.Germination speed Data presented in Table (7) and Fig. (2) indicated
the germination speed of caraway fruits which exposed to types of the
helium-neon ( He-Ne ) lasers ( green & red ) and ultraviolet ( UV ) light.
In this exprement founded that the type of radiation with the different
wavelengths which using for sterilization pointed on Caraway fruits,
exposure time ( speceific time ) and their interaction was high significant.
According to statistical analysis ( One way Anova analysis ), comprasion
between the sterilization with the ultra violet at wave length 245 nm
recorded ( 15.462 ), helium-neon ( red light ) at wavelength 632.8 nm
recorded ( 15.477 ) high significant effect by increased in
germination speed than the sterilization with helium-neon ( He-
Ne ) green light at wavelength 632.8 nm which recorded ( 12.977).

Table ( 7) : Speed of germination before and after sterilization
process by different radiation wavelengths.

Exposure He-Ne( 543.5 | Ultra Violet | He-Ne ( 632.8 nm Mean
time (min) nm laser) 245 nm laser)
0 13.933 13.933 13.933 13.933
1 12.530 14.607 16.083 14.407
3 13.729 16.897 16327 15.651
5 12.347 15.330 16.453 14.710
10 12.110 15.803 16.467 14.793
| 15 13.210 16.597 13.597 14.336
| Mean 12.977 15.562 15477
| LSD p<0.05 M:0699 , C:099 , M*C:1714

Where  M: type of radiation, C: exposure time , M*C : interaction
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( Fig. 2) Effect of sterilization with different types of radiation at different
doses times on the speed of germination of Carum carvi fruits.

In this work these results recorded that the increasing in the germination
speed for the sterilization Caraway fruits with the helium-neon ( He-Ne )
red laser at the wavelength 632.8 nm, doses of (1,3, 5 and 10 min. ),
the ultra violet radiation ( UV ) at the wave length 245 nm at doses of ( 3
, 5,10 and 15 min. ) than the control ( unsterilization fruits ). While
these results recorded that decreased in the germination speed for the
sterilization Caraway fruits with the He-Ne green laser at 543.5 nm,
doses of (1,5, 10 and 15 min.) than the control (unstereilization fruits ).

S.Moisture percentage: Data presented in Table (8) and Fig. (3 ) and
indicated the percentage of moisture of caraway fruits which were
exposed to two types of He-Ne-laser ( green & red ) and UV light and
gave different percentages of fruits moisture. In this experiment founded
that the type of radiation with the different wavelengths which using for
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sterilization pointed, exposure time ( specific time ) and their interaction
was high significant. According to Statistical analysis ( One way Anova
analysis ), the comparison between the sterilization with the ultra violet (
UV ) at wavelength 245 nm and the helium-neon ( He-Ne ) red laser at
wave length 632.8 nm have significant effect by increasing in moisture
content recorded ( 5.348 % ) and ( 5.311 % ) than the helium-neon ( He-
Ne ) green laser at wavelength 543.5 nm recorded moisture content (
5175 %).

Table ( 8 ): The percentage of moisture content (d.b) before and after
sterilization process by different radiation wavelengths

Exposure He-Ne( 543.5 Ultraviolet He-Ne ( 632.8 nm Mean
time (min) nm laser) 245 nm laser)

0 5327 5327 5.327 5.327

i 5.067 5.467 4.733 5.089

3 5.387 5.453 5.327 5.389

5 5.533 4.600 4.927 5.020

10 4597 5.180 6.187 5.321

15 5.140 6.060 5.367 5.522
Mean 5.175 5.348 5311

LSD p<0.05 M:0.1358 ,C :01923 , M* C :0334

Where  M: type of radiation, C: exposure time , M*C : interaction

In this work these results recorded that increased in the moisture content
for the sterilization Caraway fruits with the helium-neon ( He-Ne ) red
laser at the wavelength 632.8 nm, doses of ( 5 and 10 min. ), the
ultraviolet( UV ) radiation at the wavelength 245 nm, doses of ( 1, 3 and
15 min. ) than the control ( unsterilization fruits ). But the increased in
the moisture content for the sterilization Caraway fruits with the helium-
neon ( He-Ne ) green laser at the wavelength 543.5 nm, the exposure
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time of 3 min., the ultraviolet { UV ) light at the wavelength 245 nm,
exposure time of 3 min. and the helium-neon ( He-Ne ) red laser at the
wavelength 632.8 nm, the exposure time of 15 min. was insignificant
increased compared with the control ( unstereilzation fruits ).

Moisture
percentage

K He-Ne
green
& He-Ne red
0 1 3 5 10 15 OWV ray
Exposure time ( min )

Fig. ( 3 ) Effect of different exposure times of He-Ne ( green &red )
laser and UV light on the percentage of moisture of Caraway fruits.

This result was in agreement with those recorded by Romano etal
( 2010 ) who found that the influence of drying banana on laser
backscatter, the relationship between moisture content and relative laser
area of banana slices was analyzed. A laser diode emmitig at 670 nm
with 3 mW was used as light source. The backscattering relative laser
area was used as an indicator for the light absorption into the tissue.
The high result achieved on coefficient of determination R2 (>0.93)
confirmed linear relationship between relative laser area and moisture
content.
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6. Essential oil percentage: Data represented in Table (9) and Fig. (4 )
indicated the essential oil percentage of Caraway dry fruits. These fruits
which were irradiated with two types of helium-neon ( He-Ne ) laser
( green & red light ) and the ultraviolet ( UV ) light and had different
percentages of essential oil. According to Satistical analysis ( One way
Anova analysis ), the comprasion between the sterilization with the ultra
violet at wavelength 245 high
increasing in essential oil content ( 2.046 % ) than the helium-neon ( He-
Ne ) red laser at wave length 632.8 nm ( 1.957 % ) and the helium-neon
( He-Ne ) green laser at wavelength 543.5 nm ( 1.889 % ). While the
helium-neon ( He-Ne ) red laser at wave length 632.8 nm have the

nm have high significant effect by

significant effect by increasing in essential oil content ( 1.957 % ) than
the helium-neon ( He-Ne ) green laser at wave length 543.5 nm ( 1.889
% ).

(Table 9 ) Effect of sterilization with types of radiation at different doses
times on the percentage of essential oil of Carum carvi fruits

Exposure time He-Ne ( 543.5 | Ultra Violet ( | He-Ne ( 632.8 nm Mean
(min) nm ) laser 245 nm) ) laser
0 1.867 1.867 1.867 1.867
1 1.833 2.080 1.900 1.938
3 2.020 2.147 2213 2.127
5 2.053 2.067 1.893 2.040
10 1.707 1913 1.813 1.811
15 © 1.853 2.200 2.053 2036
Mean 1.889 2.046 1.969 1.968
LSD p<0.05 M : 00651 , C :0.0933 M* C : 01612
Where  M: type of radiation, C: exposure time, M*C - interaction
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Fig. (4 ) : The percentage of essential oil before and after
sterilization process by radiation wavelengths

In this work these results increased in the essential oil content for the
irradiated Caraway fruits with ultraviolet ( UV ) light at wavelength 245
nm, exposure times of (1, 3, 5 and 15 min. ), the helium-neon ( He-Ne )
red laser at wavelength 632.8 nm exposure times of ( 3, 5 and 15 min. ),
the helium-neon ( He-Ne ) green laser at wavelength 543.5 nm, exposure
times of ( 3 and 5 min. ) than the control ( unirradiated ). While these
results decreased in the essential oil content for the irradiated Caraway
fruits with the helium-neon ( He-Ne ) green laser at wavelength 543.5 nm
and exposure time of 10 min. than the control ( unirradiated ). El —
Kereti et al (2013) who found that the combined foliar spray
application Zno nanofertilizer with presowing He — Ne laser irradiation
were more effectiveness than Zno nanofertilizer with pre — sowing He
— Ne laser irradiation showed more effectiveness than Zno nanofertilizer
alone and 20 mg/l concentration gave the highest results of all
measured traits.
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7. Essential oil constituents : Results presented in Table 10 and Figs.
(5,6,7,8,9) indicated the essential oil constituents of Caraway
fruits ( as fractionated by GLC ) as affected by the sterilization
treatments (two types of helium-neon ( He-Ne ) lasers and the
ultraviolet ( UV ) light).

Table (10) : Percentage of essential oil constituents before and after
sterilization process by different radiation wavelengths

Essential oil constituents
Sterilization treatments Limonene % Carvon %
He-Ne (543.5 nm) 1 min. 32.0 66.4
UV (245 nm) 3 min. 26.9 71.8
UV (245 nm) 15 min. 31.2 67.2
He-Ne (632.8 nm) 1 min. 353 63.3
Control( uniradiated) 0 min 317 67
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Fig.(5) Effect of sterilization by He-Ne (632.8 nm) laser at 3 min. on
essential oil constituents
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Fig. (6) Effect of sterilization by ultraviolet light (245 nm) at 15 min.
on essential oil constituents

2 A woarac,t . TR ey P+t €

S TR S IURL L TIP3

e o .. -
A FRCY AMPLENAE.Y F RO AN, CIEIR T E R

s

© K MRG Kimhai 0 meaba et A W P vt 11wt BV AG A 1Y DAY A
Mbqpad A et KNS RO TG 1) AR X AN o b Ot BB 10 D M AN
€ AYS T g e ot 4 P oy PEaNS

L e T

%
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‘Fig. (9) Effect of sterilization by He-Ne (543.5 nm) laser at dose of 1 min.

For fruits sterilization recorded that the values highest was ultraviolet
(UV) at wavelength 245 nm with dose of 3 min. which recorded
(71.8 %) carvon and at 15 min. which recorded ( 67.2% ) carvon
than the control ( unsterilized) which recorded ( 67 %).
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CONCLUSION

The sterilization by helium-neon laser at wavelength 632.8 nm
recorded higher values in elimination completely for spore former
bacteria and fungi, also increased in essential oil %, germination %,
moisture % with exposure times of 3, 5, 10,3, 5 and 10 min. For the
sterilization by ultraviolet radiation at wavelength 245 nm recorded
higher values in elimination completely for fungi, also increased in
germinated speed (day), with exposure times of 10, and 3 min. As
for helium-neon laser at 534.5 nm recorded higher values in elimination
completely for all microorganisms, spore former bacteria and fungi with
exposure times of 10, 3,5, 10 and 15 min. The sterilization of fruits
by ultraviolet and helium-neon lasers was eco-friendly, modern
method and safe utilized as new technology to removed or inhibit
for microorganisms.
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