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instructions for authors were provided. All articles have been reviewed by Scientific Board. For
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We encourage and kindly invite all researchers to publish in Scientific Bulletin of ESCORENA.

On behalf of Editorial Board of Scientific Bulletin of ESCORENA
Special Editor for number 8

Dr. Lucian Copolovici
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Degumming process of flax at industrial pilot scale

Mihaela Dochia, Cecilia Sirghie, Lucian Copolovici,

Institute of Technical and Natural Sciences Research-Development of Aurel Vlaicu University,
Romania, 2 Elena Dragoi St., 310330, Arad, Romania

Abstract

The enzymatic/ultrasounds degumming of flax fibers becomes an important alternative
to conventional procedures. The present study shows the benefits of the ultrasounds in laccase
degumming process at pilot scale. A pilot experiment using 1 % laccase and less than 30
minutes ultrasounds was performed, and high-quality degummed flax fibers were produced
from flax tows using processes which have not been exploited commercially. We tested the
influence of the ultrasounds/laccase system on the physical-mechanical and chemical
properties of the flax fibers. The properties of the fibers are compared with those of the cotton
fibers. Those properties allow us to obtain fine blend yarns (Tex 25) when the flax percentage
is 50 %.

Keywords: flax, cotton, laccase enzyme, degumming, ultrasounds

Introduction

For flax degumming the conventional method is done using alkali solutions and high
temperature with or without applying pressure (Hu et al., 2010; Aydin et al., 2012; Kozlowski
et al., 2012). The conventional treatment reduces the quality of the fiber and produces waste
waters highly polluting for the environment (Ranganathan et al., 2007). Consumption of large
amount of chemicals and energy, it becomes economically not feasible. In the last years, the
interest for using other methods instead of the conventional non-biological methods for flax
degumming has increased.(Ko et al., 2011; Fu et al., 2012; Karaca et al., 2012).

Pectinase, cellulase and laccases had mostly used for degumming of flax tow in the
industrial processes (Alix et al., 2012; Karaca, et al., 2012). There are many studies about
Laccases (benzenediol:oxygen oxidoreductases; EC 1.10.3.2) intermediated degumming
processes on different bast fibers (Kozlowski, et al., 2012). Laccases show low substrate
specificity and high level stability in the extracellular environment in addition it is not

necessary the usage of co-subtrate (Couto and Herrera, 2006). Low molecular mass mediators
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such as N-heterocylic bearing N-OH groups (e.g. 2,2-azinobis-3-ethylbenzothiazoline-6-
sulfonic acid, violuric acid, hydroxyl benzotryazole) should be used in the degumming
process of the flax with laccase, due to the non-specificity of the enzymes (Bao et al., 1993,
Kozlowski et al., 2006; Batog et al., 2008; Tauber et al., 2008).

Due to the fact that enzymes have low diffusion rates and the effect is concentrated on
the outer fibers there are some strategies to improve these drawbacks. For example it can be
used the ultrasound energy (Basto et al., 2007), microwaves (Sgriccia and Hawley, 2007),
steam explosion (Kessler et al., 1998) could be a way to improve the diffusion of the enzymes
to the interior of the technical fibers in order to release elementary fibers. Among them the
ultrasonic energy has been used in different processes such as: mercerization, desizing,
bleaching, scouring, and dyeing of natural fibers (Yachmenev et al., 2002; Yachmenev et al.,
2004; Stanescu et al., 2010). The use of ultrasounds in textile wet processes reduce energy
and chemicals consumption (Moholkar and Warmoeskerken, 2004; Moholkar et al., 2004;
Sirghie et al., 2008). The combined ultrasound/hydrolytic enzymes processes conduct to less
fibers damage and better results (Yachmenev, et al., 2002; Yachmenev et al., 2007) which
consist in cottonised flax fibers with physical-mechanical properties similar to cotton.

Akin et al (2001) has reported one of the first results on pilot scale studies of
enzyme/ultrasounds applied on retted flax fibers obtaining fine materials.

In the present study we show the benefits of the ultrasounds in laccase degumming
process at pilot scale. We tested the influence of the ultrasounds/laccase system on the
physical-mechanical and chemical properties of the flax fibers.

Material and methods

All chemicals were supplied by Sigma-Aldrich unless otherwise stated.

Enzyme concentration used in the present work was 1 % regarding to fiber mass. In
every experiment 10 kg flax tow fibers were treated in two steps in an ultrasound thermostatic
bath (Bandelin RM 210 UH, Badelin electronic Gmbh., Berlin, Germany), with a capacity of
300 liters. In the first step were used 1 % o.w.f laccase and 0.01 % HOBT (respect to enzyme
concentration) as mediator, at 55 °C and ultrasound frequency of 35 kHz for 25 min in a
liquid to fiber ratio 1:15. In the second step the fibers were rinse for 10 min in the same liquid
ratio conditions (1:15).

After drying the cottonized flax fibers were evaluated from physical-mechanical point
of view using High volume instrument (HVI) System for cotton in order to appreciate the

degumming degree.
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200 kg of cottonised flax fibers obtained from 20 independent experiments of 10 kg
each were mixed with cotton fibers (140 kg) in two ways (50 % + 50 %; 70 % + 30 %) in
order to obtain the blended yarns. The blends were spun on cotton type equipments as follows:
3C carding machine (Unirea SA, Cluj, Romania), LB drawing frame equipments (Unirea SA,
Cluj, Romania), BD-200 S spinning equipments (Elitex OE, Avanco, Praha, Czech Republic).

Results and discussion

In a previous study (Sirghie et al.), we have been sown that the optimal concentration
of enzyme for degumming of flax fibers had been 1 %. Industrial pilot scale experiments were
conducted in order to prove the technical efficiency for this concentration of enzyme (0.w.f)
in presence of ultrasounds. This value (in correlation with ultrasounds) is a compromise by
economical point of view which can be used at industrial scale due to the high cost of pure
enzymes.

A higher concentration of enzyme without ultrasounds gives the same results while an
increasing amount of enzyme in ultrasound treatment conditions would offer better results but
IS more expensive. Since “degumming” effect was obtained at 1 % enzyme concentration a
higher percent could determine better fibers quality but with higher costs.

The composition of flax fibers includes besides cellulose, hemicellulose, lignin and
pectin, etc. (Kozlowski, et al., 2012). Pectin and lignin act mainly as bonding agents. The

chemical compositions of cottonised flax fibers compared with flax tow are shown in Table 1.

Table 1. Chemical composition of row material (flax tow) and degummed flax fibers

Chemical composition Flax tow + SEM Degummed flax fibers + SEM
Hemicellulose (%) 16.0£0.1 14.7+0.7
Lignin (%) 45+0.1 2.44 +0.06
Pectin (%) 15+£01 0.95+0.12
Degree of polymerization 3510+ 13 3229 + 59

The hemicellulose, lignin and pectin percentages are decreasing significantly for
degummed flax fiber compared with flax tow. Similar composition of flax fibers is described
in other papers (see for review (Baley, 2002)). The same decreasing in pectin, lignin and
hemicellulose amount in flax fibers was shown in many studies and should be desirable in

order to avoid poor absorbency and wettability (Bismarck et al., 2002).

11
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As it can be seen from Table 2 the physical-mechanical characteristics of degummed
flax fibers are comparable with those of the cotton fibers, in terms of length, tenacity and

elongation.

Table 2. The physical-mechanical characteristics of degummed flax fibers and cotton fibers

Length Tenacity Micronaire Elongation Impurities
(mm) (cCN/Tex) (%) (%)
Cottonised 4, 354 26.7-29.4 6-7.6 4.1-5.06 0.7-3.9
flax fibers
Cotton fibers 28.96-31.01 27.4-31.6 3.7-4.6 5.8-6.1 0.05-0.36

Fineness is one of the most important factors affecting fiber quality for spinning into
yarns.(Akin et al., 1997) Fineness of degummed flax (6-7.6 micronaire) obtained using our
procedure is 150 % higher than one which used pure cotton (3.7- 4.6 micronaire). Fiber
strength, which has been related to fineness in enzyme-degummed flax, and length are other
important fibers parameters that, along with fineness, influence quality and production
efficiency of blended yarns.

From the physical-mechanical properties of blended yarns presented in Table 3 it can
be seen that these yarns fall in 100 % cotton yarn quality parameters especially for strength
and elongation.

Table 3. The physical-mechanical characteristics of different blended yarns

Yarn 29 Tex Yarn 25 Tex Yarn 31 Tex

Characteristics/ 50 % Degumming 50 % Degumming 70 % Degumming

composition flax + 50 % Cotton flax + 50 % cotton flax + 30 % cotton
Fineness Tex 30.3 24.5 31.8
CV% 9.6 8.4 34
Strength CN 163 133 208
CV% 17.4 21.0 17.1
Breaking
length Km 54 54 6.5
Elongation % 5.1 5.7 6.7
CV% 20.3 20.2 12.4
Torsion (OE)  Torsions/m 1264 1164 1062
CV% 4.5 2.9 3.8
Uster
irregularity CV% 12.9 10.43 11.43
Uster/1000 M Neps 1477 1595 978

The torsion, even if it is slightly higher than the yarns of 100 % cotton, is in the

acceptable range. From the irregular values, it can be seen that the blended yarns are as

12
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uniform as 100 % cotton yarns, a fact which indicates a very good degree of homogenization
of fibrous mixture, thus confirming the results presented in Table 2 for degummed fibers.

The cost of our process of ultrasonic — enzymatic degumming of flax implies two
different activities. The degumming process including water, energy, chemicals, drying of the
fibers lead to a price of 0.88 EUR/Kg. The price of cotton and flax is 2 EUR/kg. The second
process included in the price is the spinning with the total costs of 1.33 EUR/kg. Taking in
account all costs, the specific consumption for a blend yarn of 29 or 25 Tex is 1.4 EUR/kg
while for a blend yarn of 31 Tex is 1.6 EUR/kg. The above mentioned costs were calculated
for 300 kg mixtures in a pilot experiment. It is expected that the production of yarns in large

amounts (over 1000 kg) may improve the specific consumption.

Conclusions

We showed that by using 1 % enzymes in ultrasound conditions for 25 min were
obtained at industrial scale, degumming flax fibers of very good quality (similar to cotton
fibers from physical-mechanical point of view). This procedure allowed us to obtain a fine
blended yarn (Tex 25) when the flax percentage was 50 %. Such yarns has never been
obtained at industrial scale except in one of our earlier report (Sirghie, et al., 2008).
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Natural dyes in green walnut shells for textile materials dyeing

Monica Pustianu, Maria Chindris, Cecilia Sirghie, Mihaela Dochia

,»Aurel Vlaicu” University of Arad, Engineering Faculty, Elena Dragoi street no. 2, Arad,
310330, Romania, 0758933360, pustianumonica@yahoo.com

Abstract

The purpose of this study was to obtain and characterize a natural dye from green walnut
shells. By thin layer chromatography a single brown spot was obtained and attributed to
naphthoquinones. Naphtoquinones presence was also proved by the UV/VIS and the IR
spectra.

Keywords: natural dyes, green walnut shells, chemical composition, UV-VIS, IR, thin layer

chromatography.

Introduction

During the last years an increased interest was noted for the use of natural dyes in
textile dyeing process. Particularly are concerned natural vegetable dyes. The main advantage
of using them is the fact that their source is renewable, biodegradable and reduces
environmental impact on the environment. Still the use of natural dyes involves some
disadvantages such as requirement of large amounts of plant material, limited success in
dyeing synthetic materials, need for the use of mordents, poor light stability (Taylor, 1986).
However, especially in case of natural fibers, replacing synthetic dyes with natural ones
represent a not too distant perspective.

The worldwide use of walnut green leaves and shells for natural dyeing of textiles has
ancient roots. Recent studies brought them in the attention of specialist since it was found to
have, besides coloring properties, good insecticidal effect - thus helping to the fiber protection
(Wang et al., 2009). Regarding their chemical composition we found few researches
performed leading to the identification of several targeted compounds like juglanins, methyl
palmitate, ellagic, gallic and caffeic acids and some volatiles (such as pinocarvone,
pinocarveol, myrtenal, myrtenol, caryophyllene epoxide, verbenol, verbenone, terpinolene)

(Wang et al., 2009; Chen et al., 2008; Buttery et al., 2000; Segundo et al., 1998).
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The purpose of this study was to gather as many information on the chemical
composition of the walnut green shells extract by using a series of qualitative analysis such as
Borntrager reaction, thin layer chromatography, UV-VIS spectroscopy and infrared

spectroscopy thus completing the information already available.

Material and methods

Benzene, ethanol, potassium hydroxide (p.a.), glacial acetic acid and ammonia
solution (25%) were purchased from Reactivul Bucuresti.

For this study it has been used green nut shells harvested in June when it seems to be
richest in active principles (Segundo et al., 1998). A quantity of 400 g of these shells was
crushed in a mortar and then was subjected to an extraction with hot benzene in a Soxhlet
apparatus until exhaustion. The benzene extract was filtered and then evaporated to dryness
under a water bath. After cooling a crystalline precipitate was obtained. The precipitate was
purified by recrystallization with ethanol. Further the obtained substance was dried and
weighed. 18 g of dried extract were obtained.

Borntrager reaction

Borntrager reaction (Auterhoff et al., 1968) consist in extract treatment with a hot
solution of 5 % KOH followed by acidification with acetic acid and dissolution in benzene,
when a clearly phase is separated; the clear phase is afterwards treated with ammonia
solution.

Thin layer chromatography (TLC)

For separation of the components from the obtained extract, 0.5 g was diluted with 1
ml benzene; methanol-chloroform 1:1 was used as mobile phase on 250 um silica gel plate;
eight spots were put at the starting line.

Ultraviolet and visible spectroscopy (UV-VIS)

UV-VIS absorption spectra were obtained using a SPECORD 200 spectrophotometer
(Analytic Jena).

Infrared spectroscopy (IR)

The IR spectra were recorded in 4000-400 cm™ by filling the extract under a form of

thin film of KBr spectral pellets.

Results and discussion

The natural quinine pigments, supposed to be involved in the overall brown color of

the walnut extract, range in color from pale yellow to almost black and there are over 1200

18
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known structures. They contain the same basic chromophore, benzochinone. Those present as
glycosides may be slightly water-soluble — but for the rest is more likely to be lipid-soluble
and would be extracted from a crude plant extract together with carotenoids and chlophylls
(Tamas et al., 1971).

Borntrager reaction

For confirming that a pigment is quinone type, simple color reactions are still very
useful. The extracted sample prepared under the conditions showed above, lead to the
apparition of characteristic red color (Segundo et al., 1998; Auterhoff et al., 1968).

Thin layer chromatography (TLC)

TLC on silica gel is a general procedure for separating quinones. Simple
benzoquinones or naphtaquinones are very soluble and can be easily separated in pure
benzene, pure chloroform or pure petroleum but complex solvent mixtures are required for
those highly hydroxylated. Since they are colored, there is no difficulty to be detected in
visible light (Harborne, 1998).

A picture of the obtained thin layer chromatogram is presented in Figure 1. The dye
was quickly released from the starting line leading to a single strong brown spot. The
compound type can be identified by mean of retardation factor value, Ry .

R¢=ha/h (1)
where ha was the average distance from the start to the middle of the spots and h, the distance
from the start line to the solvent end line.

Thus calculated Ry was found to be 0.81 comparable with literature data for

naphthoquinones (Kichner, 1977; Tamas et al., 1971).

Figure 1. Thin-layer chromatogram
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Ultraviolet and visible spectroscopy (UV-VIS)

The resulting spectra from UV-VIS analysis of the dye at different concentrations (30
png/ml; 15 pg/ml; 7,5 pg/ml; 3,8 pg/ml ) are shown in Figure 2. Three peaks appears around A
=260 nm, A = 340 nm and A = 430 nm wavelengths, which complies with naphthoquinones
spectra characterized with strong signals between 240-290 nm, respectively with an average

signal around 335 nm and in region of 400-510 nm (Medeleanu et al., 1998).

0.0—

Figure 2. UV-VIS spectrum of the extract of green nut shells

Infrared spectroscopy (IR)
Unlike the UV-VIS spectroscopy which is more useful for quantitative analysis, the IR
spectroscopy gives more information about the structural groups present in the green nut

shells extract.
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Figure 3. IR spectra of the green walnut shells extract
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It is noted that the IR spectrum of the extract (Figure 3) contains several bands
common to naphthoquinones namely (Balaban et al., 1983; Avram et al. 1966):

(i) the band from 3200 cm™ indicates the presence of hydroxyl groups and C-H;

(ii) the band from 1860 cm™ indicates the presence of C=0 groups;

(iii) the band from 1550 cm™ indicates the presence of aromatic (CHar) and saturated
(C-C) structures existing in naphthoquinone as a derivative of naphthalene;

(iv) the band from 1090 cm™ indicates the presence of C-O groups;

(v) the band from 700 cm™ indicates the presence of C-H groups. These results are in
accordance with other literature studies that found juglone (a naphtoquinone) to

be one of the compounds responsible for the brown color (Segundo et al., 1998).

Conclusions

The purpose of this study was to find the compounds responsible for the brown color
of the green walnut shells extract. All analytical techniques used (Borntrager reaction, thin
layer chromatography, UV-VIS and IR spectroscopy) pointed to naphtoquinones derivatives.
The results are completing and reinforcing the information already available in the literature
data. Further studies regarding the dyeing of natural and synthetic textile materials using this

dye will follow.
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Abstract

Nanotechnology is an emerging field of research that has been widely applied in
different fundamental science and engineering areas. An example of a nano-based device is
the atomic force microscope, which is a widely used surface scanning apparatus capable of
reconstructing at a nanometric scale resolution the 3D morphology of a wide variety of
samples. Therefore, due to its versatility, sensitivity and unique capability to reveal the
nanoscale structure of the samples, atomic force microscopy (AFM) produced, in the last
years, a vast increase of reports of its use to determine the topography, electric properties,
nanomechanics and even nanomanipulations of various samples in the fields of materials
science, chemistry, physics, biology, microbiology, medicine, engineering, food products,

forensic, etc.

Introduction
The development of new nanomaterials with a vast variety of applications in our day-
life leaded to the need of use of new techniques for the structural and physico-chemical
characterization. One of the advanced methods of investigation is the atomic force
microscopy (AFM), which uses a microscope that was obtained after the extended of the
research in the area of scanning tunneling microscopes for investigation of electrically non-
conductive materials, such as proteins, DNA, etc. Binnig and Quate reported in 1986 the first
invented AFM which used a very small probe-tip at the end of a cantilever (Binnig et al.,
1986) and in 1989 was available the first commercial AFM. The general components of AFM
are the following:
- laser: for an excellent spatial resolution and a high resolution over the photodiodes

detector;
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photodiodes: for high sensitivity and detection in two dimensions (measures the
deflection of the cantilever);

- feedback loop (controls z-sample position);

- cantilever (spring which deflects as probe tip scans the sample surface);

- probe tip (senses surface properties and causes the deflection of the cantilever);

- piezoelectric scanner (positions the sample (X, y, z) with high accuracy);

- computer (controls the system and performs the data acquisition, display and

analysis).

AFM can image the surface topography with high magnifications, up to 1.000.000x,

comparable with electronic microscopes, and in three dimensions, z-direction being usually
higher than the horizontal x, y-plane.
Performing a data search in Web of Knowledge we found approximately 104.200 publications
that reported research that used information obtained by using AFM, from which 85.600 were
scientific articles from diverse areas of fundamental research and applied technologies such
as: materials science 34.000; films (thin films, alloys) 25.600; chemistry 30.000; polymer
science 7.700; composites 3.500; 2.600 cells and their functionality, dentins 157, etc. AFM
imaging is a common technique (Barth et al., 2011; Ando, 2012) used for determination of
carbon nanotubes (Baer et al., 2010; Rao et al., 2013; Tessmer et al., 2013), composites
(Wang et al., 2013; Zhang et al., 2013), wood pulp and paper properties (Maximova et al.,
2001; Koljonen et al., 2004; Maximova et al., 2004; Chhabra et al., 2005; Hou et al., 2006;
Knutson et al., 2007; Ahola et al., 2008; Deng et al., 2008; Fatehi and Xiao, 2008; Wan et al.,
2010; Wang et al., 2010; Gilli et al., 2012; Leitner et al., 2013; Miao and Hamad, 2013),
biological samples and their mechanisms (Hoffmann and Dougan, 2012; Kalle and Strappe,
2012; Dufrene et al., 2013; Han et al., 2013; Miron-Mendoza et al., 2013; Singh, 2013)
chemistry (Barth, et al., 2011; An et al., 2012), etc. For example AFM methods were use for
imaging and measurements of DNA related research (Kalle and Strappe, 2012). A current
challenge in the life was to reveal and to understand how biological systems change their
structural, biophysical and chemical properties to adjust functionality. Addressing this issue
has been severely hampered by the lack of methods capable of imaging biosystems at high
resolution while simultaneously mapping their multiple properties. The recent developments
in force-distance (FD) curve—based atomic force microscopy (AFM) enabled researchers to
combine (sub) molecular imaging with quantitative mapping of physical, chemical and
biological interactions.
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Material and methods

An AFM device, namely NTEGRA Probe NanoLaboratory (NT-MDT, Moscow,
Russia), equipped with an M Plan Apo 100x magnification objective that has the numerical
aperture of 0.70 (Mitutoyo, Kawasaki, Japan) and a RPC-TVPCI camera which helps to
locate the sample position were used. Software Nova_1644 for manipulating and analyzing
the recorded data was employed. For storing the optical information a CCD camera was
utilized. The samples were added to two-sided tape on sapphire support and the measurements
were carried out under ambient conditions (temperature: 22 = 1 °C, relative humidity: 40 +
10). Noncontact ‘Golden’ silicon cantilevers (NSG30 from NT-MDT, Moscow, Russia) with
a resonance frequency of 320 + 80 kHz, were used. All samples were measured in
semicontact mode (“tapping” mode) to determine the topography images. Different surface

areas of the samples have been investigated, as are mentioned in the figures.

Results and discussion

Atomic force microscope equipped with confocal Raman spectroscope is currently
used in Institute of Technical and Natural Sciences Research-Development-Innovation of
“Aurel Vlaicu” University from Arad, Romania (Figure 1). We performed imaging and
measurements for a wide variety of samples such as composites (Popa et al., 2013), plant bast

fibers (Figure 2 a, b), paper sheets (Figure 2 c, d), plants.

Figure 1. Atomic Force Microscope coupled with confocal Raman spectroscope used at
ICDISTN of “Aurel Vlaicu” University.
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Figure 2. AFM images of the following samples:flax fiber a) 2D, b) 3D,

paper sheet c) 2D, d) 3D.
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Figure 3. AFM images of petals of flowers: purple petal of Hibiscus syriacus: a) 2D, b) 3D;
red petal of an Hawaiian Hibiscus: c) 2D, d) 3D; and protuberances from the edge of a petal
of Phalaenopsis amabilis (Moth Orchid): e) 2D, f) 3D.
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In Figure 3 are exhibited AFM images performed in semicontact topography (tapping)
mode for Hibiscus petals and Moth Orchid petals. The AFM images unveiled the different
morphologies of the petals measured.
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Abstract

Microwave stress is an important cause of stress today. This study was carried out to
investigate the effect of microwave radiation derived from a wireless router on chlorophyll
pigments from Ocimum basilicum L. Treatments included reference (no microwave),
microwave-stressed plants and control plants (growth in normal condition). The extracts were
analyzed using a Shimadzu UV-160A spectrophotometer for chlorophyll content
determination. The content of chlorophylls a and b from plants subjected to microwaves was
smaller than in the reference plants.

Introduction

Chlorophyll pigments are very important in the process of photosynthesis and
chlorophyll concentration is closely related to the stress factors, this fact being shown by
many researchers over time (Merzlyak and Gitelson, 1995; Penuelas and Filella, 1998).

Chlorophyll is one of the most important and most abundant photosynthetic pigments.
The amount of chlorophyll is correlated with productivity and plant health (Dash and Curran,
2007). Chlorophyll content of leaves is also an indicator of stress, giving us vital information
regarding plant responses to climate change events. When a plant is under stress, low
chlorophyll content changes are evident in the initial stages. As stress increases, chlorophyll
content decreases faster than other pigments (Bannari et al., 2007). These changes of
chlorophyll content indicate the stress to which the plant was subjected (Radu et al., 1981).
The chlorophyll content is, therefore, a plant stress response.

The adaptability of organisms to extreme conditions of life, environmental stress

response mechanisms is an area of great current research. Nowadays, has become more
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demanding the use of mobile telephony and wireless devices generating an exponentially
increased level of electromagnetic radiations. Thus, there is a new stress factor -
electromagnetic field, especially from the microwave area (Vashisth and Nagarajan, 2008).
The present study aimed to determine the effect of microwave field on chlorophyll
pigments content from Ocimum basilicum L., a very important culinary spice and medicinal

plant from Lamiaceae family.

Material and methods

In this paper the microwave influence on chlorophyll content from Ocimum basilicum
L. was studied. The plants were grown in the laboratory, using seeds purchased from ARO
Company (Romania). For this experiment were used plants grown in normal conditions and
plants exposed to microwaves. For microwaves exposure, two identical anechoic chambers
were used: a reference chamber and a microwave chamber.

At three weeks after seeding, vessels with sprung plants were placed in two identical
anechoic chambers (E. Surducan et al., 2012), one being the reference chamber and the other

with the active microwave field (Figure 1).

Eouter 802.11 abg

“Webcam

Wide band antetina
6l db 1zolation chamber

Figure 1. Installation to stimulate the plant development by applying a low power
electromagnetic field.

The installation to stimulate the plant development by applying low power
electromagnetic field consists in a closed chamber which contains the artificial light sources,
humidity sensor, temperature and humidity sensors, video camera and a microwave generator
that emits by means of an electromagnetic field antenna on the plants culture at a power level
between 10W/m? - 10mW/m? The power is measured by a power meter with the probe
located in the area where the plants are subjected to stimulation, and which is connected to a
microcontroller and process computer which can interconnect a network of such premises (E.
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Surducan et al., 2012). The reference chambers do not contain the microwave generator. The
temperature and humidity in both chambers were continuously registered and a good
correlation between the two was observed.

The irradiation of plants was performed with microwaves modulated by a WLAN
communications protocol, in the 2.412 - 2.48 GHz frequency band. Irradiation was
performed over a period of two weeks, within the plants were watered with 10 mL of
ultrapure water at an interval of 3 days. After the irradiation period, the leaves were manually
excised and subjected to chlorophyll extraction.

The weighed plant samples (1 g) were homogenized with an Ultraturrax in the
presence of 20 mL 90 % acetone in water and then left for two hours with stirring. The
extraction was repeated with 10 mL 90 % acetone in water until bleaching of the plant
material, and then the samples were filtered. Each extraction was performed in three parallel
samples.

The quantitative analysis of chlorophyll a and b pigments content from the samples
extract was performed using a Shimadzu UV-160A spectrophotometer. The calculation of
chlorophyll pigments concentration was carried out by reading the absorbances at 663 and
645 nm wavelengths, according to the following equations (1), (2), (3) (Arnon, 1949):

_[12.7(A663) - 2.69(AB45)]xV

Chla 1)
(1000XW)
chi b = [22-9(AB45) - 4.68(A663)]XV @
(1000XW)
Chl total - [20-2(A645) +8.02(A663)|xV 3)
(1000XW)

where: Chl a — chlorophyll a, Chl b — chlorophyll b, Chl total — total chlorophylls
content, A663 — sample absorbance at 663 nm, A646 — sample absorbance at 646 nm, V —
volume of solvent, W — fresh weight of tissue extracted.

Results and discussion

In most of the cases any of stress factors by a specific intensity can lead to decrease of
chlorophyll concentration in the plant. This was observed in the case of our plants (Figure 2).
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Figure 2. Ocimum basilicum L. plants: a) microwave-irradiated and b) reference.

It can be observed that reference plants have a darker green color than those
microwave-irradiated.
The obtained results concerning the concentration of chlorophyll pigments in basil

extracts are presented in Figure 3.
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Figure 3. Content of chlorophylls in control, reference and microwave-irradiated plants of

basil (Ocimum basilicum L.).

As can be seen in Figure 3, the chlorophyll content in control plants is higher than in
the plants grown in the reference and microwave chambers. Also, chlorophylls a and b
content from plants subjected to microwaves was lower than in non-irradiated plants.

The total chlorophyll content was 56.41 mg/g for the reference plants, and 22.26 mg/g
for irradiated plants. Thus, the amount of total chlorophyll in irradiated plants is smaller by

60.54 % compared to reference plants.
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