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Abstract.

The present study revealed the effects of cadmium on plant growth, anti-oxidant system
characteristics, co-factors such as nicotinamide adenine dinucleotide reduced (NADH) and
oxided (NAD"), cadmium uptake and translocation and physiological responses of two
Arabidopsis thaliana: the cad2 mutant and the col0 wild type. The inhibitory effect of
cadmium on growth characteristics (dry and fresh weight and length of aerial and root parts)
was more evident for the cad2 mutant, whereas least for the col0 wild type. The resistance
of A. thaliana wild type (col0) to cadmium was mainly due to a lower cadmium absorption
and translocation, thus keeping more effective activities of anti-oxidative enzymes and better
co-factor balance state. Furthermore, hyperactivity of anti-oxidant enzymes also played an
important role in protecting wild Arabidopsis thaliana from cadmium toxicity.

Keywords: Arabidopsis thaliana, cadmium oxidative stress, nicotinamide adenine
dinucleotide.
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1. Introduction

The direct impact of the contamination of grounds by heavy metals such as cadmium (Cd). Cd
is one of the naturally occurring toxic heavy metal and negatively affects the plant growth and
development. Plants (Yu Song et al., 2017) readily absorb Cd. These last years, the interest is
turned to the study of the answer of plants towards the soil pollution to heavy metals to
understand mechanisms and processes involved in the fight against the toxic effects of these

metals by plants.

The excess of cadmium in plants can perturbs nutrient homeostasis, change physiological
processes (Sharma and Kumar, 2002) with the appearance of visual symptoms of toxicity as
the reduction of the growth and the appearance of chlorosis and of necrosis at the foliar and
root part (Song et al., 2017; Wang et al., 2018) and induce massively toxic reactive oxygen
species (ROS) (Daoud Khan et al., 2013; Li et al., 2015), all of which are associated with the
damage of proteins, nucleic acids and lipids of plasma membrane (Daud Khan et al., 2013).
Furthermore, plants have an antioxidant defence system, which tries to limit the damages
engendered by the ROS at the level of the cellular constituents (Wojcik and Tukiendorf,
2004). Many plant species have developed diverse mechanisms to deal with the issues by
cadmium (Cd) efflux, chelation, sequestration or detoxification (Singh et al., 2011; Hang et
al., 2012). For example, most of brassicacea species or Arabidopsis generate phytochelatins,

when challenged to environmental cadmium (Wang et al., 2018).

Arabidopsis wild plants (col0) enhanced Cd tolerance, while mutation by glutathione
deficiency led to more sensitivity of plants to Cd (Wojcik and Tukiendorf, 2004). Glutathione
was found to activate genes involved in PCs production, suggesting that Cd-induced
glutathione was able to positively regulate Cd tolerance through the PCs synthesis-mediated
pathway (Abozeid et al., 2017).

The objective of our work is to understand the influence of the cadmium on the functioning of
the antioxidant system and the interaction between its various components to Arabidopsis
thaliana savage Col0 plants and mutant cad2 characterised by glutathione deficiency. To date,

the majority of studies are focusing on identification of essential function of phytochelatins
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(PCs) by stabilization of the PC-Cd complex and sequestration to the cell vacuole (Choppala
etal., 2014; Song et al., 2017).

2. Materials and methods

2.1. Plant material and growth conditions

The plant material concerned by this study is Arabidopsis thaliana wild type (col0) and
mutant type (cad2), glutathione deficiency. The seeds are disinfected by washing with 10%
bleach for 15 minutes, then rinsed thoroughly with distilled water; as a result, they are
germinated in petri dishes on filter paper soaked in water at room temperature and in the dark.
Five days after germination, seedlings are transplanted at bucket of nutrient solution
containing: KNOsz 3 mM, Ca(NO3). 1 mM, KH2POs 2 mM, MgSOs 0.5 mM, Fe-
Ethylenediaminetetraacetic acid (EDTA) 32.9 uM, and micronutrients: H3BOs 30 uM,
MnSOs 5 puM, CuSOs 1 pM, ZnSOs 1 uM, and (NH4)6Mo7O 1 puM. The cultures are
conducted in air-conditioned room, the photoperiod is 8 hours of light / 16 hours of darkness.
After 20 days of culture on basic nutrient medium, A. thaliana seedlings are placed in
nutritive solutions with different concentration of cadmium: 0, 25 and 50 pM.

Harvests are made after 6 days of treatment. The plants are subdivided into leaves and roots.
Part of the samples are used for the determination of their fresh material (FM) and placed in
the oven at 60 ° C for 3 days and reweighed to determine the mass of dry matter (DM) and

another part is kept at -80 ° C for enzymatic assays or certain metabolites.

2.2. Cadmium content

Cadmium content in various plant tissues were analyzed by digestion of dried samples with an
acid mixture (HNO3z/HCIO4, 4/1 viv). Metal concentrations were determined by atomic
absorption spectrophotometry (Perkin-Elmer, AAnalyst 300).

2.3 Malondialdehyde content (MDA)

Lipid peroxidation was measured according to malondialdehyde (MDA) content was
measured photometrically. Data was collected from three independent repetitions (Daud Khan
etal., 2013)

2.4. Nicotinamide adenine dinucleotide



COMPARATIVE RESPONSES TO CADMIUM TOXICITY OF ARABIDOPSIS THALIANA MUTANT SEEDLING
(CAD2) AND WILD TYPE (COLO)

Nicotinamide adenine dinucleotide reduced (NADH) and oxyded (NAD®) content were

estimated spectrophotometrocally on crude leaf extracts (Mika-Russak et al., 2012).

2.5. Antioxidative enzymes assay

Leaves part of A. thaliana (control and treated plants) were homogenized in liquid nitrogen
using a mortar. For superoxide dismutase (SOD), the resulting powder was added to 100 mg
of a 50 mM extraction medium of potassium phosphate buffer (pH 7) containing 1 mM EDTA
and 5% (V/V) polyvinylpolypyrrolidone (PVP). For ascorbate peroxidase (APX), 5 mM
ascorbate was added to the extraction medium. The crude extracts were centrifuged at 14,000
g for 30 min at 4°C and the supernatants were used for assays. SOD activity was determined
according to Abozeid et al, (2017), absorbance was measured at 340 nm. GR activity was
assayed according to Rao et al (1996). The activity of glutathione reductase was measured
from the oxidation of NADPH at 340 nm.

2.6. Statistical analysis

The results are the meanszS.E. of at least three independent replicates. The analyses of
variance were computed on statistically significant differences determined based on the
appropriate F-tests. The mean differences were compared utilizing Duncan’s multiple range

tests.

3. Results and discussion
3.1. Growth and cadmium accumulation

The morphological observation (Fig. 1A) of plants shows toxicity due to the cadmium, which
shows by the reduction of the size of the plant, the appearance of chlorosis on, leaves part and
the reduction of the length of the root, as well at the savage col0 as the mutant cad2. We
notice that the dose 50 uM of CdCl> induces more chlorosis on mutant plant (cad2) than on
wild type (col0). We also note that the phytotoxic effects of cadmium are dependent on the
used dose. The effects of cadmium on the biomass production of the plants of Arabidopsis
thaliana in wild (col0) and mutant (cad2) type, shows that the production of the biomass of
leaves (Fig. 1B) and roots (Fig. 1C) was affected especially with the higher dose of Cd
(50uM). The sensibility was more important with the mutant (cad2) than the wild type (col0).
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However, in the two rang of plant such as wild (col0) or mutant type (cad2), the leaves part
appear more sensitive than the root part.

The accumulation of Cd in leaves and roots of wild (col0) and mutant type (cad2) of A.
Thaliana differed with increasing Cd concentrations (Fig. 2). At lower dose of Cd (25uM),
the endogenous accumulation was similarly such as in wild (col0) or in mutant (cad2)
seedlings. This similitude was common in leaves and roots of the two types of A. thaliana
seedlings. Compared to lower dose, the leaves of wild type (col0) increased by 2.5 fold the
endogenous accumulation at 50 uM Cd (Fig. 2A). However, when the plants were treated
with Cd at higher dose (50 uM), the roots of mutant (cad2) type shows the high intensity
accumulation of cadmium (Fig. 2B). This accumulation was 4 fold than that is at 25uM of Cd.
This may be correlated with the high decrease of dry weight at the dose of 50uM Cd.
Glutathione (GSH) also plays a critical role in detoxification of heavy metal because of its
capacity to chelate heavy metals and act as substrate of phytochelatine (PC) and then PC-
metal complexes are transported across the tonoplast into vacuoles (Li et al., 2012; Anjum et
al., 2015; Cahoon et al., 2015).

Cadmium as an environmental stress may increase or decrease metabolite production such as
lipid peroxidation (MDA) (Daud Khan et al., 2013), nicotinamide adenine dinucleotide
oxydaded (NAD*) or reduced (NADH), parallely to the enzymatic response of key enzymes
of oxidative stress likely superoxyde dismutase (SOD) (Zawznik et al., 2007), ascorbate
peroxydase (APX) (Zawznik et al., 2007) and glutathione reductase (GR).

3.2. Antioxidative response of mutant (cad2) and wild (col0) type to cadmium

As figure 3shows the extent of oxidative damage of membrane lipids, in
both Arabidopsis genotypes Cd altered not only the malondialdehyde content in the leaves but
also all antioxidant enzymes activities. For the leaves of mutant genotype (cad2), a significant
increase in malondialdehyde content (Fig. 3A) compared to untreated plants was observed
after Cd treatment. However, no significant differences in MDA contents were found treated
and non- cadmium treated in wild type (col0). An induction of lipid peroxidation upon
cadmium treatment was reported especially for Arabidopsis mutant (cad2) seedlings (Radeva-
Ivanova et al., 2010). Data show the significant increase in SOD activity in leaves of mutant
type (cad2), and no increase in APX and GR activities, key enzymes of glutathione-ascorbate
cycle. In figure 3C, APX activity was significantly inhibited. To investigate the high increase
5
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of SOD (Fig. 3B) activity without complementary induction of H.O> scavenging, amplify and
accelerate the cellular damage (Dubreuil-Maurizi et al.,, 2011). Plants have developed
effective defence system against H.O2 accumulation, which include the induction of GSH-
AsA cycle, necessarily to send a systemic signal for APX induction activity (Sandalio et al.,
2001). This data can explain the high toxicity effect of cadmium in leaves of mutant type
(cad2). Hydrogen peroxide (H202) accumulation removal the indication the cadmium toxicity
on APX activity in mutant type glutathione (GSH) deficiency. In glutathion-ascorbate cycle,
the GSH pool ply a primordial role in the ascorbate generation, which the substrate of APX.
This generation was blocked in mutant type (cad2), induced the significant decrease of APX
activity.

In addition, in absence of glutathione (GSH) pool in mutant (cad2) type, the phytochelatine
biosynthesis was blocked, wish responsible to a high cytoplasmic accumulation of cadmium
ion (Cd?*) induced ROS generation accompanied of APX inhibition activity and hydrogen
peroxide accumulation (H20.). The no stimulation of glutathione reductase (GR) (Fig. 3D)
activity in mutant type was explained the deleterious effect of glutathione deficiency in
defence metabolites. To validate that more high cellular oxidative stress observed in mutant
type (cad2), as an indicator that mutant type was more sensitive to cadmium than wild type
(col0).

The significant stimulation of APX activity in wild type (Col0), key enzyme of glutathion-
ascorbate cycle, induces the generation of dehydroascorbate (DHA). The generated DHA will
reduced on ascorbate AsA catalysed by monodehydroascorbate reductase, which that is
NADPH or NADH dependent (Singh et al., 2017).

3.3. Cadmium effects on NAD(H) content

The effects of cadmium on the NAD* and NADH contents derived from both the wild (col0)
and mutant (cad2) leaves of Arabidopsis thaliana were also measured (Fig. 4A and B). Under
control condition, the NAD™ content was similar in wild (col0) and mutant (cad2) seedlings.
In contrast, the NADH content was 2 fold greater in wild type than in mutant type. In treated
plant (with 25uM of cadmium), NAD™ content decreased in both wild (col0) and mutant type
(cad2) (Fig. 4A). The result of NADH pool, unchanged in wild type (col0) under cadmium
stress conditions (Fig. 4B). In mutant type (cad2), the NADH pool significantly increased in

6
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presence of 25uM Cd. The kinetic activity of monodehydroascorbate reductase (MDHAR)
needs the presencec of NADH or NADPH co-factor. Although, the glutathione-ascorbate
cycle was inhibited in mutant type (cad2) in presence of cadmium, the MDHAR activity wich
catalyses the ascorbate synthesis by NADH oxidation was completely inhibited. These data
can explain the high accumulation of NADH in mutant type (cad?2).

To investigate the increase pool of NADH will affected another reaction, whereas resulted a
strong production of NADH induced a rise of equilibrium on cellular redox state, which could
to increased ROS and intensity of oxidative stress, observed in our result with the mutant type
(cad2) (Lietal., 2012).

In summary, it can be concluded that the glutathione deficiency in mutant type
(cad?2) is related to distubed growth, which directly reduced biomass production and the
accumulation of endogenous cadmium more than in wild type (col0), associated with the
redox state modification and more important in this type. Our results highlight that
glutathione modulate and enhanced the sensivity of Arabidopsis thaliana seedlings to

cadmium stress.
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Figure 1: Effects of cadmium dose on morphological aspect of wild type (col0) and mutant

(cad2) of Arabidopsis thaliana seedlings.
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Figure 2. Cadmium content in leaves (A) and roots (B) of the cad2 mutant and the col0 wild

type of Arabidopsis thaliana seedlings.
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Figure 3: Malonyldialdenhyde (MDA) production (A), the specific activities of superoxyde
dismutase (SOD) (B), of ascorbate peroxydase (APX) (C) and the the glutathion reductase
(GR) (D) on leaves of the cad2 mutant and the cloO wild type of Arabidopsis thaliana

seedlings under cadmium treatment after four days.
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Figure 4: Nicotinamide adenine dinucleotide oxide form (A) and reduced form (B) on leaves
of the cad2 mutant and the cloO wild type of Arabidopsis thaliana seedlings under cadmium

treatment after four days.
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ABSTRACT

Unmanned aerial vehicles (UAVS) are becoming very popular and useful for several
applications, Due to their accessibility to any target and high-spatial resolution of acquired im-
ages.

In this study, UAV application in geospatial technology for 3D urban modeling, for
building assessment and deformations detection due to nadir images processing.

This work shows the results of an approach that used a photogrammetric UAV platform
to build a recent urban DSM and estimate its expansion by building a second predicted urban
DSM. The methodology discusses the use of a low-cost unmanned aerial vehicle (UAV)-based
remote sensing system for spatiotemporal urban DSM modeling constituting a good platform
for deformations building assessment, urban management, and infrastructure development.

As a result of this project generated a series of digital surface models, a DSM UAV
based, a modified DSM-T excluded from buildings, a corrected recent DSM-R and a predicted
DSM-P of a fully built study area. Finally, produced DSM buildings deformations map based
on the difference between DSM UAV and DSM-R.

KEYWORDS: UAV, DSM, Urban Modeling.

1. INTRODUCTION

The development of unmanned aerial vehicle (UAV) technology has enabled great re-
mote sensing platforms by acquiring aerial imagesfrom a different type of sensors. Many stud-
ies have been published on the use of aerial imagery for different applications, such as vegeta-
tion mapping[4], structural damage assessment [2], multiscale terrain analysis and temperature
modeling [1]and many others. In this paper, the use of UAVs aerial images combined with
Geographic Information Systems (GIS), allowed the generation of planar and altitudinal spatial
informationwith positional quality at the centimeter level. For this scenario, the Structure from
Motion (SFM), has been wildly used as a modern tool for UAV's images processing [6].

The altitudinal data generated from SFM technologies are usually 3D point clouds,
theirinterpolation produces Digital Surface Models (DSM).

In this study, we generated a raw DSM of a half urbanized area in Lebanon based only
on horizontal aerial photography. Usually, for modeling urbanized area to avoid models defor-
mation and to obtain real buildings texture we should add oblique aerial images to the pro-
cessing, it means that our obtained DSM contains a lack of data due to the missing point clouds
on the extremity of the model.

In urban areas, the lack of data and model deformation are recognized visually, with the
application of spatial filters these errors could be detected and removed very easily.

13
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The methodology of our study could solve the problem of buildings deformation detec-
tion by generating a recent DSM from UAYV aerial images and based to cadastral and building
information to rebuilt an old DSM and to predict a future one.

The second step correcting the UAV generated DSM by the application of some GIS
tools to obtain a recent clean one.

2. MATERIALS AND METHODS
Not far from the capital of Lebanon in a half urbanized area in Zouk Mosbeh with some
scattered unbuilt green parcelsfigure 1.

N

A

0 25 50 100 Meters

Fig.1: Digital ortho model (DOM) of the study area.

Figure 1a mosaic of aerial images of the study area shows green unbuilt areas and some
buildings with diverse height and forms due to the parcel shape. The data sets of the study are
only UAV aerial images and a cadastral map from the Lebanese cadastral service.

The project is constituted from two parts, field and office work, the field partbegins with
the study area site recognition and ends by UAV landing, as a preflight step and for the geo-
referencing of the model to stereographic projectionwe surveyed 8 GCP points by a differen-
tialGNSS receiver with centimetric precision.The UAV used was a DJI Phantom 3with 14-
megapixelcamera, fliedat a height of 130 m above ground from the taking off point, resulting
on a Ground Sample Distance — GSD equal 4 cm, the flight path designed in Litchi autopilot
application andimages forward and side overlaps were approximately 80% and 70% respec-
tively.

After completing the mission, the second part of office work (photogrammetric pro-
cessing) begins with the use of Agisoft Photoscan software to automatically perform a bundle
adjustment, points cloud, DSMin figure 2b, and Digital Ortho Model (DOM) generationsfigure
1.
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3 X 100 Vewn

Fig.2: a) 3D colored point clouds generated from aerial images, b) DSM UAV based interpo-
lated from 3D point clouds.

Figure 2a shows a perspective view of the 17.5 million colored 3D point clouds gener-
ated from 79 aerial frames, the interpolation of these points leads to a high spatial resolution
DSM of 9.5 cm from a point density of 108 points/ sq. m figure 2b.

The DSM generated from UAV horizontal images shows deformations and artifacts in
3D buildings models, these errors could be removedusing oblique imagery by adding more side
images to the photogrammetry processing. Oblique imagery is a powerful source of geodata
with various applications and potential, particularly over urban areas, oblique imagery allows
the generation of denser 3D point clouds, on vertical elements (buildings fagades), with higher
reliability with respect to traditional vertical acquisitions [5].

Our purpose is to correct these building deformations in the DSM by extracting build-
ing’s roofs from the geodesic geomorphological filter and adding from points cloud their
heights to attributes, this operation constitutes a recent building database.

N

A

Fig.3: a) recentbuildings digital model (BDM-R) draped on the cadastral map, b) the corrected
recent DSM-R.
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The extracted building database was checked and corrected from the DOM, as the foot-
prints of the buildings form their projection to the ground otherwise a height extrusion forms
their true recent digital model (BDM-R) figure 3a.

The DSM UAYV based with a high spatial resolution of 9.5 cm resampled to one meter
and excluded from building by passing a 3 x 3 morphological erosion filter with a diameter of
the structuring element of the estimated largest cross-section of a building is applied to
theDSM[3]. In this case, all roof points of the buildings get replaced by the lowest (ground)
value in distance of half the diameter of the structuring element to obtain a DSM-T containing
ground and trees elevations.

By combining the two produced recent buildings digital models (BDM-R) and DSM-T
we got a new DSM-R rectified expressing the recent building situation figure 3b.

3. DISCUSSIONS AND RESULTS

After correcting the recent digital surface model by following the steps in the workflow
of figure 4, urban planning predicted digital model was designed based on DSM-T by adding
urban units to the empty parcels and giving them a unique height of 15 meters to form a new
predicted Digital Building Model (BDM-P).

UAV
[ I I - I !
- Points | Mesh - Textured _DSM . . DOM
cloud mesh . == ]
i Geodesic ‘ DSM-resample
Buildings | geomorphological tolm
Height | filter A
T Erosion
Buildings = filter
cxtr:zcliun [ | DS-“_"T,: .
' Buildings DSM-Error
Buildings project | assessment
I Digital '
Attribute Model Building [
data . (BDM-R) | pigital | |.psm-p
Model
. (BDM-P)
| ~DSM-R |

Fig.4: the workflow of the methodology followed in our study.
The BDM-P combined with DSM-T constitutes a future project urban digital surface

model (DSM-P), this DSM-P could be a reconstruction project of an urban area destructed from
adisaster.
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Fig.5: a) predicted buildings digital model (BDM-P) draped on the cadastral map, b) the pre-
dicted DSM-P.

The predicted building digital model BDM-P in figure 5b with 47 urban units, 22 of
them predicted to constitute a future urban model. The BDM-P combined with DSM-T to build

N

A

B DSM-Diffrence

Fig.6: a) DSM deformations on the facade of a building, b) DSM deformation on the top of a
building.

Horizontal UAV images for 3D urban project contains artifacts and deformations due
to the insufficient number of images otherwise oblique UAV images 3D projects cover all
building side and generate a clean 3D Model empty from deformation, to highlight buildings
deformations in the UAV based DSM and corrected in DSM-R, in raster calculator we applied
a subtraction between the deformed and the corrected digital models.
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As result we got a new map showing in red the deformations in buildings figure 6, de-
formation in the facade of the building showed in figure 6a and figure 6b showed the defor-
mations on the top of the building.

4. CONCLUSION

UAYV database and geospatial technology could help researchers as a new approach to
generate information and improve decision making. The use of a UAV platform offered flexi-
bility and agility for image acquisition, turning viable the study of the mentioned phenomenon
in the existing conditions.

Considering the results of this study, a corrected recent DSM-R of the actual form of
the urban units and it could form a good building assessment, besides a new predicted DSM-P
acting as a future project for urban design.

The methodology applied in this research could be an important platform for temporal
analysis and inspection based on multi-temporal DSM terrain analysis.

The subtraction of DSM UAYV based and the corrected recent DSM-R highlight DSM
deformations. The creation of a DSM aerial imagery based has enabledspatial analysisfor dis-
aster science, environmental management, and urban planning.
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Abstract

This research introduces the use of a hyperspectral based system to detect the ripeness of oil
palm fruit bunches (FFB). FFB are scanned by a hyperspectral device and the reflectance
recorded for different wavelengths. A sample of 209 fruits from one type of oil palm fresh fruit
bunches (Nigrescens) iscollected for categorization using the over-ripe, ripe and under-ripe
categories. Attribute of the fruit in the visible and near-infrared (400-1000 nm) wavelength
range regions is measured. An artificial neural network(ANN)classified the different wavelength
regions on oil palm fruit by pixel-wise processing. ANN is employed, and the trained network is
integrated back into the system to allow oil palm fruit ripeness differentiation. The results are
then compared to classifications made by a trained human grader. The developed ANN model
successfully classifies oil palm fruits into three ripeness categories. A comparison of the
accuracy of results between ANN approach and the conventional system that applies a manual
classification is made. The results show that ANN approach yields more than 90% classification
accuracyfor all three categories. The findings of this research will help increase the efficiency of

quality harvesting and grading of fresh fruit bunches (FFB).
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Keywords: hyperspectral, ripeness, oil palm fresh fruit bunches, color, visibility, near infrared,
classification.
1. Introduction

Its global consumption contributes to uses both in the food and non-food sectors,
including the biofuel industry (Shazana et al., 2018). In 2016, Palm Oil Analytics provided
statistics of the top 10 palm oil producers per country. Figure 1 reflects the top global palm
oil producers are Indonesia and Malaysia, contributing 58% and 29% respectively (“Essential
Palm Oil Statistics Palm Oil Analytics,” 2017).The growth of the world population increased
the demand for production of palm oil. Palm oil is advantageous over other oil types because
of its lower cost and being free from trans-fatty acids properties(Khatun, Moniruzzaman, &

Yaakob, 2017), (Jafari, Othman, Witzke, & Jusoh, 2017).

country production

(000 tones)

hailand

M4

Figure 1 Top 10 Palm Oil Producers by Country 2016
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Statistics indicate that there is an increasing need in the production of palm oil to
meet global demand. Malaysia as the second producer of the world, of crude Palm Oil
has increased its production overtime since 1984(“Essential Palm Oil Statistics Palm Oil

Analytics,” 2017), as shown in Figure 2.

P e oeesllh e Snae Tt Yol Dl el el el

Figure 2 Crude Palm Oil Production - Malaysia

2. Related Literature and Studies

2.1 Machine Vision

Machine vision (MV) is the technology and methods used to provide imaging-
based automatic inspection and analysis for such applications as automatic inspection,
process control, and robot guidance, usually in industry as shown in figure 3. It is a term
encompassing a large number of technologies, software and hardware products,
integrated systems, actions, methods and expertise. It attempts to integrate existing
technologies in new ways and apply them to solve real world problems. Definition varies
but all include the technology and methods used to extract information from an image on
an automated basis, as opposed to image processing, where the output is another image.

The information extracted can be a simple good-part/bad-part signal, or more a complex
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set of data such as the identity, position and orientation of each object in an image. The
information can be used for such applications as automatic inspection and robot and
process guidance in industry, for security monitoring vehicle guidance and in
agriculture(Nandi et al., n.d. 2000)(Alfatni, Shariff et al. 2011; O. M. B Saeed, S

Sankaran et al. 2012; Alfatni, Shariff et al. 2013)(National & Ceres, 2013).

Camera
. lens
.
e

Light
source

—
—
Measured object

Image video capture card

V
Image Processor Image Image processing
processing software
unit

Figure 3 Machine Vision in Agriculture

2.2 Image Processing
Digital image processing, also referred to as computer imaging, can be defined as
the acquisition and processing of visual information by computer. Image processing is
looking beyond the input which is raw image data and finding information needed
through the process of image segmentation, image transforms, and feature extraction

(Oak, 2016)(Alfatni, Shariff et al. 2014).



Modeling Ripeness Grading of Palm Oil Fresh Fruit Bunches through Image Processing using Artificial
Neural Network

2.2.1 Image Segmentation.

Image segmentation is the division of an image into disjoint regions according to
characterization of the image within or in-between the regions. Image segmentation then
Is dividing the domain of the image into relevant components One of the most common
used algorithm is the Mean Shift Segmentation. The mean shift technique is one of many
techniques under the heading of “feature space analysis” and is widely used in the vision
community. It is made up of two basic steps: a mean shift filtering of the original image
data (in feature space), and a consecutive clustering of the filtered data points (Pantofaru,
2005).

Given n data points x; in d-dimensional space. The general multivariate kernel density

estimator with kernel K(x) is defined as

. 1Ix
f == K=
i=1

Equation.1

The radially symmetric kernel with the identity matrix H — h2[, on Equation
(1) can be rewritten by

R 1 v (x—x;)
f_WZK h

Equation.2

By taking the gradient of Equation 2 and applying some algebra, a mean shift
vector can be obtained by:

23



Modeling Ripeness Grading of Palm Oil Fresh Fruit Bunches through Image Processing using Artificial
Neural Network

m(x) = C A
f(x)
Equation.3

where C is a positive constant and

Eoxg (152119
m(x) = n X=X
Lag (1212

Equation.4

The functiong(x) is the derivative of the kernel profile k(x), i.e., g(x) = —k’(x).

Generally, the function kernel K(x) is often broken into the product of two

different radially symmetric kernels namely, the spatial domain and the color range.

2.2.2 Image Transforms
There are different types of image transforms, one example is the Fourier
Transform where the input image is the spatial domain and the output of the
transformation is the frequency domain. This type of transform breaks the image down
into its sine and cosine components. Transform can be used in image analysis, image
filtering, or image compression. Image transforms are often linear and are represented by

the transform matrices A:

X=AX

Equation.5

Wherex, Xare the original and transformed image, respectively. In most case, the

transform matrices are unitary.
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A= 4T

Equation6

The columns of ATare the basis vectors of the transform. In the case of two-
dimensional transforms, the basis vectors correspond to the basis image (Mademlis,
Tefas, Nikolaidis, & Pitas, 2017). The algorithm used in most image transforms are the
Discrete Fourier Transform (DFT) and the Discrete Cosine Transform (DCT). According
to Pitas, the DFT has very interesting theoretical properties and is widely used in digital
filter implementations and in power spectrum estimation. The DCT however, is used in
transform image coding schemes for it is an excellent tool for digital image compression

(Mademlis et al., 2017).

2.2.3 Feature Extraction
Feature extraction is known as changing an input image or a data into a significant
number of features. If this process is done with care then significant set of features can be
extracted quickly from the large data (Ansari, 2016)(Alfatni, Shariff et al. 2013). One of

the most commonly used process in feature extraction is edge detection.

An edge is detected when there is a huge contrast between image pixels also
stated that convolution is often used to provide an edge filter that takes in a grayscale
image and yields a binary image whose 1-valued pixels are meant to represent an edge

within the original image.
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2.3 Hyperspectral imaging system (HIS)

Existing studies report that optical sensing and imaging technologies such as
machine vision and spectroscopy are considered as an effective tool for nondestructive
inspection and post- harvest fruit quality, safety detection, sorting, and process
automation(Khodabakhshian & Emadi, 2018)(Li, Emr, Malling, & Me, 2018)(Harun et
al., 2013)(Mohammed et al., 2012). Machine vision has success in categorizing fruits
with respect to size, color, and other appearance indices. However, its capacity for
determining internal quality of fruits is limited. Hyperspectral imaging system addresses
this limitation.  hyperspectral imaging (HSI) has emerged as a nondestructive,
noncontact, and nonconventional technique that integrates two mature technologies of
conventional imaging and spectroscopy to provide both spatial and spectral information
simultaneously. The hyper- spectral images form a three-dimensional hyperspectral cube
known as “hypercube,” which is composed of two-dimensional spatial image and one-
dimensional spectrum. Therefore, HSI is capable of representing both physical and
chemical attributes by analyzing the image features and performing predicting model
using the spectral information, respectively. The technique was also applied to detect the
ripening process of fruits such as strawberry, peach, banana, and tomato, which showed a

potential use of hyperspectral imaging for the fruit’s ripeness/quality assessment.

HSI generates a three-dimension imaging cube with images at a range of
continuous wavelengths. A single spectrum can be extracted from each individual pixel

representing the absorption properties and the textural information of fruit samples.
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Similar with traditional visible imaging and spectroscopic methods, HSI is non-
destructive and requires little sample preparation, but it is advantageous in that it can
record both spatial and spectral information simultaneously. For the assessment of fruit
quality, two types of wavelength dispersion devices are normally used i.e., line scanning
and area scanning coupled with an imaging sensor for the HSI image acquisition (Li et

al., 2018)(Saeed, Shariff et al. 2013).

2.4 Neural Network

It is said that neural networks (also known as Artificial Neural Networks, ANN)
essentially modeled on the parallel architecture of animal brains, not necessarily human
ones. Also, the network is based on a simple form of inputs and outputs. This is further
exemplified by Dr. Robert Hecht-Nielson’s definition of a neural network (as quoted in
“Neural Network Primer: Part I” by Maureen Caudill, Al Expert, Feb. 1989), “..a
computing system made up of a number of simple, highly interconnected processing

elements, which process information by their dynamic state response to external inputs.”.

To illustrate what a neural network is, states, “In biology terms, a neuron is a cell
that can transmit and process chemical or electrical signals. The neuron is connected with
other neurons to create a network; picture the notion of graph theory with nodes and

edges, and then you’re picturing a neural network.”

3. Materials and Methods

Figure 4 reflects the methodology used in the conduct of this study.
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Figure 4 Research Method

3.1 Sample Preparation

Colors of oil palm fruits were classified into six classes: black, hard, ripe,
overripe, empty, and rotten bunch. Table 1 shows the standards established by the
Malaysian Palm QOil Board (MPOB). This study classified oil palm fruit bunch into three
categories of ripeness - ripe, under ripe, and over ripe. 209 bunches evaluated by
inspectors were allocated for testing and divided into three groups, with each group
having 108 bunches of FFBs. The categories were determined qualitatively by human
expert. Table 1 reflects the palm oil FBB categories. All the samples were freshly taken
from MPOB farm area in Kluang/Johor, Malaysia, a tropical farm. This study selected

Elaeisguineensis from Nigrescens type as a sample because it is commercially used in
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Malaysia. All fruits of the same bunch are in similar status of ripeness although the fact

that their colors and sizes may vary with locations on the bunch (Abdullah et al., 2001).

Table 1. Palm Oil FBB Categories

Category Description
Black Bunch with complete fruits
Hard Bunch with 1 to 9 fruits detached
Ripe Bunch with 10 %to 50 % fruits detached
Over ripe Bunch with 50% to 90% fruits detached
Empty bunch Bunch with more than 90% fruits detached
Rotten Bunch with all or part having turned black

3.2 Hyperspectral device preparation
The hyperspectral active sensor system (as shown in Figure 5) was used for data
collection. Image acquisition device utilized for this study is simply composed of a high
resolution (1600x1200 pixels), with a pixel depth of 12 bits/pixel with 824 spectral bands
ranging from 400 to 1000nm. The hyperspectral imaging system technology on line-scan
mode (called pushbrom mode) technology for determining ripeness of FFB is still under
study because it is determined by the color of FFB even though other factors ( i.e. the
maximum oil content produced, the number of loose fruits seen on the ground and the
right stage of maturity in harvesting oil palm fresh fruit bunches (FFB)) are critical to
ensure optimum quantity of oil production and quality, and in the long run the

productivity of the industry (Wanlsmail et al., 2000).
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The reflectance measurements were analyzed. The hyperspectral imaging system was
employed in this research to allow different configurations for imaging in the visible-

NIR range (400 — 1000 nm).

! ]"’/
|

Figure 5 Schematic view of the hyperspectral imaging system showing the bunch on the
conveyor

3.3 Data Collection
Figure 6 shows samples of FFBs classified according to three groups based on the
standards established by Malaysian Palm Oil Board (MPOB): ‘Underripe’ with 1 to 9
fruits detached from the bunch, ‘Ripe’ with 10-50% fruits detached from the bunch and

‘Overripe’ with 50-90% fruits detached from the bunch.
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Underripe i Overripe

Figure 6 Typical image of Nigrescens oil palm fruit

In this study, spectral reflectance data were collected from 209 oil palm fresh fruit
bunches, with representative samples.FFBs were categorized into above mentioned

classes by the certified inspectors prior to the data collection.

4. Data Analysis
The replicates for each sample were based on average computed prior to further
analysis. Matlab® (ver. 7.6, The MathWorks Inc., Natick, MA) was used for the analysis

of the spectral data.

4.1 Implementation of Artificial Neural Network (ANN)
209 fruits were inspected and distributed into three classes, with 70 fruits for each
class, and separated for independent training and testing data sets (75:25) to evaluate

different classification algorithms. Artificial Neural Network (ANN) is designed to
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classify the results into the observed three categories of ripeness using the Feed-Forward
Network architecture.

4.2 Receiver Operating Characteristic (ROC) Classification

This ROC curve is an alternative to measure accuracy for the evaluation of
learning algorithms on natural datasets. Key assumption of ROC analysis is that true and
false positive rates describe the performance of the model independently of the class
distribution. This analysis is applied to provide more robust comparative evaluation of
expected performance on target data than simple comparison of error, which assumes the
observed class distribution and does not reflect any differences in the cost of different
types of error. ROC analysis might be of value for evaluating expected classifier

performance under varying class distributions.

Further, ROC curves describe the predictive behavior of a classifier independent
of class distributions or error costs, so they decouple classification performance from
these factors (Provost and Fawecett, 1997).ROC analysis is often called the ROC
Accuracy Ratio, a common technique for judging the accuracy of default probability
models.

4.3 Area under ROC Curve (AUC)

Area under Roc Curse (AUC) is a probability that a classifier will rank a
randomly chosen positive instance higher than a randomly chosen negative one (Fawcett,
2006). AUC is also a significant measure of the accuracy in the detecting the ripeness
test: if this area is equal to 1, then ROC curve consists of two straight lines - one line is
vertical from (0, 0) to (0, 1) and the next line horizontal from (0, 1) to (1, 1). This test is
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100% accurate for both the sensitivity and specificity are 1.0, therefore having no false
positive and no false negative. Thus, a test that cannot distinguish between normal and
abnormal corresponds to an ROC curve which results to a diagonal line from (0, 0) to (1,
1). ROC area for this line is 0.6. ROC curve areas are typically between 0.6 and 1.0.
Consequently the value of AUC will always satisfy the following inequalities of 0 < AUC
< 1, with an AUC close to 1 ( i.e. area of unit square) indicating a very reliable
diagnostic test.

5. Results

The distinctive reflectance in oil palm fruit in three categories fell within the wavelength
range of 400-1000 nm. But with the application of ANN, the study revealed that an area from
800 nm to 900 nm can generate data distinguishable among the three layers (Figure 7). The
ripeness categories can be best differentiated between 800 nm to 900 nm. In contrasts, the

range of 400 nm to 700 nm (i.e. the UV region), could not distinguish the ripeness categories.
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Figure 7 Distinguishing reflectance in oil palm fresh fruit in three categories
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5.1 Training Stage

The 209 fruits were inspected and distributed into three classes of underripe, ripe
and overripe. These samples were randomized and separated for independent training and
testing datasets (75:25) to evaluate different classification algorithms. The training and

testing datasets were comprised of 156 and 53 samples respectively.

While training dataset was used to train the algorithm, testing datasets were used
to test the developed (trained) algorithm in predicting the class of the test dataset
samples. Classification accuracies were determined in specific features which were
extracted from reflectance data and were used in the classification algorithm. Threshold
method was used to determine which bunch belongs to which class and to assign the
deferent intervals to each class based on reflectance values. The error margin selected for
training was set at 0.0001. under-ripe, ripe and overripe. Target classes were set at 1,0,1
respectively; however, the ANN-model output in black line can not fit the target during

the training stage as shown in Figure 8.
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Figure 8 Training step of ANN-MLP
5.2 Testing Stage

The remaining 25% of the total samples of bunches were used for testing with input data
for over ripe set at< - 0.7 where classes belonged under target -1, ripe class at -0.7 < 0.7 where

classes belonged under target O, and under ripe at > 0.7 where classes belongedunder target 1.

5.3 ROC classification

Figure 9 shows the ROC curve and the AUC result. The ANN-MLP classifier illustrates
great performance results that acquire an AUC equal to 0.9454 for adaptive gain factor
classification in three categories of Nigrescens type. This result strengthens positive performance

results from the proposed algorithm.
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Figure 9. AUC tasted from the ROC curve by using ANN (Nigresences)

6. Conclusion

This studyproposes a new approach for detecting the ripeness of FFBs by using
supervised machine learning classifier, the ANN method. ANN classifier implements and
comparesresults to determine a high accuracy rate of ripeness of the FFBs using the ROC and

AUC.

The results show that oil palm fresh fruit bunch ripeness detection system using a
hyperspectral and ANN classifier give a high accuracy rate of 94.54%, indicating that Artificial

Neural Network (ANN) successfully classifies the ripeness level of the fruit bunches.
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Abstract—Distributed energy generation systems deployment is rapidly increasing globally, offering
many major advantages and benefits. The integration of distributed generation at distribution system and
close to the load reduce the network losses, improve the reliability when the grid is not available, and
economically sounds if the distributed generation cheaper than the grid. The use of Renewable Energy
sources like the photovoltaic (PV) panels and the wind turbines leads to reduction in fuel consumption
which in turn leads to less toxic emissions to the environment. However, the energy production from wind
turbines and PV panels is not reliable by itself as wind speed is irregular and not all wind speed can be
harvested. Similarly, the solar irradiation is unpredictable in nature and PV system output is variable during
the day and not available at night. That means when depending only on energy from wind turbine alone or
PV system alone, the power may not be available when needed or at least not matching the demand. Here
comes the need to aggregate the wind turbine with PV system and integrate the energy storage system
(ESS) to overcome the intermittent behavior of Wind-PV and balance power generation. The hybrid wind-
PV-ESS would improve the system reliability, reduce the intermittency of supply, and enhance the system
security. The ESS can store extra produced energy and use it to compensate the reduction in power
generation and balance out the fluctuations of the wind-PV power in short and long time periods.
Additionally, the energy storage devices have a faster response to handle load variations. This paper, will
focus on developing a control system for the hybrid Distributed Generation resources (DGs) utilizing the
wind turbine with PV panels and integrated energy storage systems (ESS). Integrating the wind turbine and
the PV energy generation with energy storage would balance the variations of the wind power and the load
ones. The suggested model automatically controls the power flow of hybrid system according to the
availability of power and changes in load as well. The contribution of battery storage is to substitute
sudden/average fluctuations in power changes that results in the DC link, improve energy efficiency, and
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limit current stress on battery. The hybrid system has been modeled and simulated in MATLAB Simpower

toolbox and the results show a satisfactory response.

I. INTRODUCTION

SINCEsun irradiation is usually unpredictableand wind speed is intermittent, the power production from the
PV and the wind turbine imposes more uncertainty into operating power. The maindisadvantage to use
wind and PV as a source of energy is that wind-PV power may not be available when needed[1]. Having
said that, integrating energy storage systems ESS can waive this disadvantage by smoothing the
fluctuations of wind energy generation and balance the whole system power production.

The residential appliances requested energy introducesunpredictable behavior, which could be greater or
lower than the produced power from the renewable sources. EmployingESS along with the PV and the
wind turbine energy generation system wouldbalance the random variations of the load and the wind power
ones [1].

It is essential to control wind turbines and PV panels in such a way that they wouldproduce maximum
power so as to reach higher efficiency rates in hybrid systems.The power electronic circuits can deliver full
system efficiency byregulating duty cycle and continuously examining the output of wind turbines and PV
panels [6]. Powerexchangebetween hybrid systems and the grid is achievedthrough an effective
coordination between different hybrid system elements and a proper control unit. These control units
manage the power flow between sources by regulating the DC bus voltage[5]. The design and control of
control unit and power electronic circuits is the main challenge of Wind and PV integrated hybrid energy
systems. AC to DC rectifiers, DC/DC converters and DC to AC inverters are utilized in Wind / PV hybrid
systems. PID controllers are being utilizedin order to control the output voltage of a DC/DC converters
which have a wide range of variable input voltage.Typically, the output voltage can be regulated by
adjusting the duty cycle of transistors in DC/DC converters [3].

Controlling distributed generation energy sources to function autonomously as a microgrid,
wouldimprove the performanceof the microgrid. This integrated system could be accomplished by an
energycontrol and management system, working to monitor and control thepower flow within the
microgrid [2].

An appropriateenergy management systemissuggested for the Wind-PV hybrid renewable and grid
connected system with integrated battery and supercapacitor ESS.Additionally, it is illustrated that the

energy management system (EMS) can achieverapid and robustDC link voltage control compared with the
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AC line current regulation technique. Storage system integration and coordinated management with
renewable energy sources can open the way to larger level of renewable penetration into electric
distribution networks [6].

The operation and of such hybrid system is considered complicated and encloses various challenges since
it is considered to be a System of Systems (SoS). The hierarchical control method is one of the common
configurations for the operation. It consists of primary, secondary and a tertiary controller, where the
primary controller is located at the DG source (i.e. the local converter) and responds to variations of voltage
and frequency to adjust the generated real and reactive power. On the other hand, secondary controller
oversees and coordinatesthe operation of multiple primary controllers and, hence, check for any deviations
caused by local controllers and sets the reference operating point. The secondary controller considers all
connected DGs and local loads in the system to achieve a consistent operation. Finally, the tertiary
controller is located at the Point of Common Coupling (PCC) and responsible for efficient and economic
operation as well as the exchange of power with the main grid. Tertiary control is referred as EMS [18].

This project will focus on developing the energy
management system for the hybrid Distributed
Generation resources (DGs) utilizing the wind turbine
with PV panels and integrated energy storage systems
(ESS). Integrating the wind turbine and the PV energy
generation with energy storage wouldbalance the
variations of the wind power and the load ones. The

suggestedmodelautomaticallycontrols the power flow

of renewable integrated systems according to the

¥
|8 id ish

V4 ” availability of their power and changes in load as well.

Rsh

The contribution of battery—supercapacitor storage is

_ _ to substitute sudden/average fluctuations in power
Fig. 2. Single PV Cell Model

surges that results in fast dc link voltage regulation,
improve energy management efficiency, and limit current stress on battery.

Matlab and Simulink modeling tools will be used to simulate the model and generate the results.
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A. System Layout

MODELLING OF HYBRID SYSTEM

The system layout is illustrated in Fig. 1where the wind turbine and the PV are connected throughDC/DC

converters to the DC buswith the power production optimized using the maximum power point tracking

(MPPT). The energy storage system ESS consisting of lithium battery and a supercapacitorare integratedin

the system and connected in parallel with DC bus in order to balance out the intermittent power from the

wind turbine, PV and the load. The battery is connected via DC/DC boost buck converter in order to

control the charging and discharging as well as to limit current stress on battery while the supercapacitor is

connected directly to have quicker response to voltage surges and fluctuations.

The suggested scheme of power system consisting of actual power components interconnected by a

three-phase 260-V power grid of North America

interconnected to monitor and control the power flow.

B. PV Model

The used model of the PV cells is displayed in Fig. 2
as a current source simulating light generated current in
the cell represented by IL, Ip represents the voltage
dependent current lost to recombination and
Ishrepresents the current lost due to shunt resistance, Ip
is modeled using the Shockey equation for an ideal
diode.

The model implemented in this system is 2 by 7
array of 6 kW total power at full sun irradiance.The
Maximum Power Point Tracking (MPPT) controller is
based on the 'Perturb and Observe' technique. This
MPPT system dynamicallyadjusts the VDC reference
signal of the inverter VDC regulator so as to figurethe
DC voltage which wouldobtain maximum power from
the PV array as displayed in the I-V characteristics of
the modeled PV panel in Fig. 3.

(V + IRs)
R:k

sh (1)
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IL = light current (A).iske! ¥,

10 = Diode reverse saturation current (A). o

n = Diode ideality factor.
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l o i
/

C. Wind Turbine and DFIG model Fig. 3. I-V Characteristics of PV panel

Wind turbines implemented in this model include a doubly-fed induction generator (DFIG) comprise of a
wound rotor induction generator and an AC/DC/AC IGBT-based PWM converter modeled by voltage
sources. The stator winding is connected straight to the 60 Hz grid while the rotor is injected at variable
frequency through the AC/DCinverter. The DFIG technology facilitates theextraction of maximum power
from the wind for low wind speeds bycontrolling the turbine speed, thoughreducing mechanical stresses on
the turbine during wind surges.

In this model, the wind speed is varied between5 and 15 m/s. The control system implements a torque
regulator in order to obtain maximum power of 15 kW. The reactive power generated by the wind turbine is
maintained at 0 Mvar by incorporating a smoothing capacitor.

The model is shown in Fig. 4 and. Fig. 5 show the characteristics of wind Turbine.

D. Battery Modelling

The Li-ion battery is known for its high power capabilities. A combination of series and parallel
connections of Li-ion battery is utilized in our system to form the required high power battery. The battery

characteristics is modeled through the following charging and discharging equations:

y q Q :
LUt 80 mly =k i P+ s & 4 -B-
(i L) =& 77010 " =K -k it+A-exp(—B-it) (3)
= Q . Q
s(ie, 4 0) Eo — & - I X -7 s
+A-oxp(—B-in (4)

where EOQ is the initial voltage, K is the polarization resistance in ohms, i* is the low-frequency dynamic
current in Amps, i is the battery current in Amps., it is the battery extraction capacity (Ah), Q is maximum

battery capacity (Ah), A is the exponential voltage, B is exponential capacity in (Ah)—1.
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The proposed battery properties in this model is 100 kWh, 48

Depending on the consistency of forecast errors would determine the capacity of the storage system.
Additionally, the determined threshold of generated and exported power to the grid would have a major
factor on determining the size of battery capacity. At the currentphase, there are no studies that have been
done to analyze this aspect of the project.The main target at this stage to analyze the performance of the

model rather than evaluating a technical andeconomical optimization.

E. SC Modelling

The wind/load fluctuationsproducetwo types of power oscillations that the energy storage devices need to
balance, which consist of the HFC and the LFC. That means, using only the battery to smooth these
fluctuationsreduces its lifetime, while using the SCs without the battery to compensate these

fluctuationsrises the size and cost of SCs. The best
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Fig. 6. 'E:'ittery and SC model with DC/DC buck boost converters

technique to meet these fluctuations is combine both

battery and SCs in the system.The SCs havea life time

that is about ten years longer than of the battery.

Moreover, they can handle HFC better due to their

electrical property of quick dynamic performances in

<

terms of the charging/discharging cycle.Additionally, Fig.7. Connection of Buck-Boost converters for SC and Li-Battery
the SCs have a power density from 10 to 100 times
higher than that of the battery. However, their energycapacity much less; this is the reason for combining
the battery with the SCs to balance the variating power[1].

The Super Capacitor (SC) is grouped with the battery system and directly connected to the DC bus in
order to rapidly compensate the high fluctuations voltage induced by slow response of DC/DC and AC/DC
converters.

A 291.6 V, 15.6 F, supercapacitor system (six 48.6v cells in series) is used for our system.

44



Mohammed Al Busaidi, Amer Al-Hinai”*, Rashid Al-Abri, Mohammed Al-E

Fig. 6 shows the modulation of Battery and SC along with DC/DC buck-boost converters used for

charging and discharging.
F. Buck-Boost Converters Modeling

In order todevelop anoverall model of the buck-and-boost converters displayed in Fig. 7, it is important
to examine the buck and the boost converter operations [1]. During Boost Mode, K> and Kasdiodes are
turned ON, and K and K3 are reversed biased (i.e. Irosance i
switched OFF). In this state, the SCs and the battery
deliverpowertotheDC-bus.Inbuckoperation,K:  and
K3 are turned ON, and K, and Kaare reversed biased C T T N
(i.e. switched OFF). Then, the SC and the battery ~ |

absorbpower from the DC-bus.

I1l. ENERGY MANAGEMENT SYSTEM AND CONTROL >

UNIT

The central control unit in Renewable Energy ;;’8_ Variable Sun Irradiance Simulation
Management System is responsible for deciding the
operation mode and controlling the flow of energy as well as maintaining optimum performance of each
energy source[3].The main inputs to the control unit in order to effectively execute the energy management
algorithms are wind turbine and PV panels power production values, the battery power level, grid and
connected loads [3]. Central control unitdutyis to govern the energy flow between system components.
However, because energyproductionchanges over time depending on the weather conditions,
energymanagement scheme can get very complicated.

Central control unit which is developedfor this project, manages the operation of the hybrid system as
autonomous and gridconnected at the same time. The control unit has output terminals in order tocontrol
the grid DC/AC inverter switch, the load inverterswitch and the battery DC/DCconverter switch.

Depending on renewable energyexistence and load power requirement, the suggestedEMSmanages the
workingcondition of the whole system. It has the following roles: 1) To always operate the battery and SCs
within their higher and lower boundary limits; 2) To deliverssmooth mode exchange; and 3) And to
minimize current stress on battery units and thusprolong its life span.

To achieve the above, | have modified an existing state-machine controller to suit and handle my EMS

and integrated its linked Matlab code.
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According with the measurements obtained from input nodes, the control units runs the algorithms
required to decide which output connected switchesto open and close.EMS algorithms aredeveloped based
on the whole powerproduced by the hybrid system and so as to manage the transfer of generated power to

grid or batteries as required.

IV. SIMULATION AND RESULTS

A. Simulation of Wind Turbine Connected to Grid

The simulation of wind turbine standalone system connected to the grid with input of variable wind speed
is displayed in Fig. 8 in order to see response of wind turbine and its controller. The graph clearly shows
how turbine speed follows wind speed and the extraction of maximum possible real power as well. The
reactive power generated by the wind turbine is maintained at 0 Mvar by incorporating a smoothing

capacitor.

B. Simulation of PV Connected to Grid

The simulation of variable irradiance and its effect on PV output power is shown in Fig. 9. The modeled

MPPT works seamlessly extracting maximum power from PV panels.

C. Simulation of power flow between Energy sources, load and Grid.

A simulation of constant wind speed and constant sun radiation was done to simulate the power flow in
the hybrid system with and the utility grid. At the beginning total power from PV and wind turbine (13 kW)
is exported to the grid. Initially, load-1(10 kW) is connected and at 3s, load-2 (4 kW) is connected. Two
methods are used to control the distribution of generated power. First method, illustrated by Fig. 9, the
charging and discharging of the storage system is controlled in order to control the output power of the
inverter. Second method, displayed in Fig. 10, the Inverter output power is controlled by controlling
Inverter current in VSI mode and using SVPWM with current feedback. The second method requires
decoupling control of d and q current components.

Both methods functioned well. However, controlling Battery charging/discharging operation would affect
the DC voltage level as it essentially controlled the battery while in the other hand, controlling the output
current has better response but requires special design of the LC filter.

In Fig. 9, the Inverter output power is increased between 3-4 sec and the battery system acted accordingly
to achieve it and keep it constant despite fluctuations in PV and Wind output power.
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Fig.10, the Inverter output power was kept constant at 10 kW. The system was able to maintain this level
of output power despite change of connected load and local generation. The extra connected 4 kW load was
supplied by the grid.

= ——
T ? e B

Fig. 9. Poweroutputof PV, Wind Battery and Inverterby controlling Battery charging and discharging.
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Fig. 11. Inverter Current output Vs. DC Current

V. CONCLUSION

Hybrid Energy system thatis made of wind turbines and PV panels is developed in such a way that would
perform either on-grid operation or autonomous off-grid operation.The PV panel and wind turbine DFIG
generator are set as the main energyproducer in the system.

Due to the demand forconsistent and reliable energy, energy storage system of battery and SC is
integrated to compensate for wind power fluctuations and load variations.Power electronic circuits of
AC/DC rectifiers, DC/DC converters and DC/AC inverters are implemented in the distribution system to
interface with different energy generators, battery system and system loads. Such devices impose an
extended technical challenges.

During autonomous operation, byregulating the Distributed Generators, wouldimprove the efficiency of
the system. This smart coordinated system could be accomplished by an energy management system and
central control unit, functioning to govern the energy flow inside the system.
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Abstract

Gold mines deliver gold ore and waste rock to processing facilities, after which the ore is
separated from the rock through an 11-stage process. The stages of ore processing require large
quantities of fresh-water, which is drawn from nearby lakes or rivers. Given the greater
importance placed on environmental sustainability, gold producers have become increasingly
interested in reducing the amount of fresh-water required to process their ore. One strategy by
which this can be achieved is by replacing fresh-water with recycled water, wherever feasible,
within the 11 stages of processing.

The objective of this research is to develop and apply amethod by which a gold processor
can reduce its use of fresh-water by identifying, within the processing stages of gold ore, where,
and by how much, recycled water can replace fresh-water. To achieve this objective, a linear
programming model of the optimal water allocation problem was used to minimize the use of
fresh-water in ore processing,subject to maintaining the feasibility of the processing stages. This
research is innovative insofar as an optimization model aimed at minimizing freshwater usage
has not been applied to the gold processing problem by prior researchers.
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The model was applied to a gold processing facility owned by Goldcorp Ltd., in Red
Lake, Ontario, Canada. The 11 stages, in which gold ore is processed at this facility, had already
been using recycled water; but the allocation of fresh versus recycled water, using an
optimization model, had not been done before. The results of this research show that the optimal
feasible solution generated by the linear programming model required 51 metric tonnes/hr of
fresh-water, versus the current use of 68.6 metric tonnes/hr -- a reduction of 25.7%.

Keywords: water allocation model, gold ore processing, linear programming.

Introduction

It has become increasingly evident to policy-makers and researchers that a sustainable
future urgently requires improved planning methods on the use of a scarce and invaluable
resource: freshwater (Ridoutt and Pfister; 2010, Mekonnen and Hoekstra 2016). Process
industries which intensively use freshwater are therefore pursuing innovative methods to reduce
their total use of freshwater (Gleick and Palaniapiappan 2010;Koppol et al. 2004). One
promising field by which the use of freshwater can be innovatively reduced by water-intensive
process industries is that of mathematical optimization models (I1zquierd 2004;Molle 2008; Khan
et al. 2018).

Optimization models for water use by process industries have been intensively researched
since approximately 1980 (see Jezowski 2010 for a comprehensive review). Much of this
research has been on the development of fundamental optimization models, abstracted from the
particular constraints of a given type of industrial process (e.g., Bagajewicz 2000; Karuppiah and
Grossman 2006; Saeedi and Hosseinzadeh2006; Klemes et al. 2010). Research on particular
water intensive industries has also occurred; e.g., in petroleum refining (Takama et al. 1980;
Alva-Argaez 2007), aluminum processing (Deng and Feng 2009) and pulp and paper production
(Lovelady et al. 2007). To the best of our knowledge, the gold processing industry has not been
evaluated by the application of a mathematical optimization model formulated to minimize its
use of freshwater. This gap is significant, for the gold processing industry is water intensive
(Mudd 2007).
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The objective of this paper is to develop and evaluate a water optimization model for the
gold processing industry. The evaluation of this model is made by applying it to a case study:
Goldcorp Ltd.’s ore processing facility, located in Red Lake, Ontario, Canada. The stages in
which gold ore is processed at this facility have already been using recycled water, but the
allocation of fresh versus recycled water, using an optimization model, had not been done before.
The objective of the model is to minimize the use of freshwater through increasing the use of
recycled water, subject to clearly defined processing constraints.

The remainder of this paper is structured as follows: in the Methods, a description of the
ore processing problem is presented; and this is followed by a formulation of the optimal water
allocation model. In the Results, we identify the particular processing stages where the reduction
in freshwater use can be practiced, and the total reduction in freshwater usage that result from the
application of this model. Finally, in the Discussion and Conclusion, we evaluate the merits of
this work.

Methods

In the Methods, we first present the problem definition and the case study’s parameters; and
secondly, we present and describe the mathematical formulation of the model used to solve the
problem.

Problem Definition and Case Study Parameters

Figure 1 illustrates the 11-stage process by which gold is extracted from the ore that has

been mined.
F' = Fresh water = Used water FWToW = \water used in previous process (slurry + water)
P1 = Ore crushing P2 =Ore grinding P3 = Floatation “concentrate sulfide from the Ore (Air+ reagents)
P4 = Thickener autoclave (Oxygen + sulfides + water) P5 = Autoclave (Oxygen + sulfides + water)
P6 = Carbon in leach (CIL) to dissolvegold and absorbed by the carbon
P7 = Leaching (Dissolved gold) P8 = Carbon in pulp (CIP) to absorb gold from solution
P9 = Detox (Cyanide destruction) . P10 = Paste backfill
P11 = Waste treatment T1 = Used-water tank
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Figure 1: The 11-stage process by which gold is extracted from ore.

In this Figure, one can observe that there are two sources of water that can be used at each
processing stage: either freshwater (i.e., F") or partially recycled water (i.e., U"). The recycled
water comes from an existing tank of recycled water (i.e., T). Figure 1 also shows the
parameters of freshwater and recycled water currently used at this facility. These parameters are
not mathematically optimal because they were decided upon at a time prior to the emergence of
freshwater conservation becoming a major strategic objective. Nonetheless, the parameters
shown in Figure 1 are feasible; i.e., these parameters restrict the total concentration (in parts per
million) of pollutants that are allowed to enter a given processing stage (i.e., C"®in) or exit a
given processing stage (i.e., C™out) such that the processing that occurs at each stage isfeasible.
The parameters used at this facility are presented in Table 1.

Table 1: Water use and pollutant parameters currently existing in the 11-stages of ore processing

facility used in this case study.
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N Capacity
0.
Water Solid Total C M jn CmaXout
Proc Processes
tonnes/hr tonnes/hr | tonnes/ | (ppm) (ppm)
=0 UW FFIow hr
P1 | Crushing 3 2 0 80 85 30 65
P2 | Grinding 5 2 7 80 92 546 1068
P3 | Floatation 0 | 10 12 80 102 253 751
P4 | Thickener 0 0 15 76 91 460 1127
P5 | Autoclave 30| 5 7 4 46 6256 27211
Carbon in Leach
P6 5 5 15 4 29 720 2743
(CIL)
P7 | Leaching 510 30 80 115 875 1522
Carbon in Pulp | 10.
P8 5 35 80 130 843 1540
(CIP) 6
P9 | Detox 0 0 50 80 130 663 1326
P10 | Paste Backfill 10 | 5 10 70 95 487 1393
Waste
P11 0 0 45 10 55 382 1278
Treatment
T | Used Water
507 1081
Tank
68.
Total 6 34

From Table 1, it can be observed that the facility currently uses 68.6 metric tonnes of freshwater
per hour and 34tonnes per hour of recycled water. In addition, the pollutant constraints, at each

stage of processing, are also listed.
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The problem that must be solved is that of minimizing total freshwater usage by replacing
freshwater usage with recycled water at each stage (wherever feasible) such that restrictions on
C™ in and C™ out are satisfied. The feasible mass load of pollutants, at each process, are

presented in Table 2.

Table 2: Mass load of pollutants, at each stage of the ore processing problem.

) Max. inlet of Max. outlet of
Contaminant
No. of pollutant pollutant
Process Mass load ) )
Process concentration concentration
(Lh) (kg/h) .
C™in(ppm) C™out(ppm)
Pl Crushing 0.33 30 65
P2 Grinding 12.8 546 1068
P3 Floatation 16.5 253 751
P4 Thickener 16.9 460 1127
P5 Autoclave 1006.8 6256 27211
Carbon in Leach
P6 68.6 720 2743
(CIL)
P7 Leaching 53.3 875 1522
Carbon in  Pulp
P8 77.9 843 1540
(CIP)
P9 Detox 66.3 663 1326
P10 | Paste Backfill 34.8 487 1393
P11 | Waste Treatment 57.5 382 1278
T1 Used Water Tank 507 1081

The solution to be investigated in this paper should be regarded as an exploration of a first step
toward the reduction of freshwater usage in this facility; for this first step would require minimal
cost to implement; i.e., no additional water recycling technologyis needed. Hence, this problem
is one replacing a currently feasible solution with an optimal one by optimally allocating
freshwater through an 11-stage process.
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Formulation of the Model

The model used in this paper is categorized as an optimal water allocation model. Several such
models have already been formulated for this problem by researchers working on fundamental
problems in the process industries (e.g., Bagajewicz et al. 2000;, and Koppol et al.2004) and the
model presented below is derived from this previous work. The innovation in this work,
therefore,is not in formulation of the model, but in its application to the gold ore processing
problem. The formulation of the model used in this work is presented below.

Notation:

Sets
Pj = set of precursor processes of process j. This is the set of all processes that deliver
freshwater or wastewater to process j.
Rj = set of receivers of process j. This is the set of all processes to which wastewater
from process j is sent.
Parameters
Lh,i= contaminant mass load pollutant of concentration k in process i (kg.hr™).
Cout = concentration outlet in water process i. (ppm).
C in = concentration inlet in water process i (ppm).
C™Xout = maximum concentration outlet in process i (ppm).
C™Xin = maximum concentration inlet in process i (ppm).
Fi,j= flow rate of re-used water flow from process i to process j (tonnes/hr).
H = % contaminant head at the processes using fresh-water (kg.h).
H = % contaminant head at the processes using wastewater (kg.h™).

Decision Variable

Fj" = freshwater flow intoprocess j (metric tonnes/hr).
Objective function:
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n
Minimize  (2) =Z Fjw [1]
i,j=1

Subject to:

n n
Fjw+z Fi — Z Fj,i — Fjout =0 Vjen iePj andker]  [2]
i J

FRv = — vheH [3]

C Cj,outmax

n n
Z Fi,j (Cj,out™ — (j,inlet™**) — Z Cj,inlet™™™ < 0vVh € H;,i€ Pj[4]
i J

n
Z Fi,j (Cj,out™ — Cj,out™) — Fj¥Cj,out™ + Lj = 0vhe H i€ Pj[5]
i

The objective function [1] of this model is to minimize the total freshwater input into all
processes. Equation[2] ensure that, for each process, the water flow in (tonnes/hr) equals the
flow out. Eqgation [3] ensuresthat the mass load,Lh (kg.h™),of pollutantscontained in the flow of
water into each process not exceed its limit, C™ in. Note that, in this model, mass load is

calculated using the following equation:

Waterweight+(1000L*1 kg) *pollutantoutletmgx*(1g) [6]

Mass loadof pollutants (Lh) = hre (10008) L (1000mg)

Equation [4]ensuresthat the mass load Lh (kg.h™) of pollutantscontained in the flow of water out
of each process not exceed its limit, C™ out. Equation [5]ensuresthat the mass load Lh (kg.h™)
of pollutantscontained in the flow of water out of each process not exceed its limit, C™ out.
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This equation differs from equation [4] in that it is used only for processes that are fed

byrecycled-water.

Results

The results of applying the optimal water allocation model to the case study are presented in

Figure 2.
3y
TUY [
10
u*=11.9
45.6
5 50.6 40.6 -
p1 > Ps P9 p| P11 === Tailing
@ A
ur=47 ur=7 Gold 10 i
L3 | P10 |y U/Ground
u*=15
U*=10
Fwﬂow=27

Figure 2: Optimal allocation of freshwater to the gold ore processing problem.

The optimal allocation of freshwater, shown in Figure 2, is summarized and compared with the
current allocation of freshwater, in Table 3.

Table 3: Comparison of the current versus optimal allocation of freshwater in the 11-stage ore
processing problem.
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Capacity
No
Actual water Actual Optimal water Optimalwater
Pro Processes flow water flow flow flow
m. tonnes/hr % m. tonnes/hr %
UW
P1 | Crushing 2 0 29 | 19 | 03 (47| O 0.3 4.7

3
P2 | Grinding 5 2 7 49 1.9 0 7 7 0 6.8
P3 | Floatation 0 | 10 12 0 9.8 10 0 12 9.7 0
P4 | Thickener 0 0 15 0 0 0 0 15 0 0
P5 | Autoclave 30| 5 7 292 | 4.9 35 0 7 34 0
Carbon in
P6 5 5 15 49 49 0 10 15 0 9.8
Leach (CIL)
P7 | Leaching 5 0 30 49 0 2 3 30 1.9 2.9
Carbon in 10. 11.
P8 5 35 | 103 | 4.9 3.7 35 3.6 11.7
Pulp (CIP) 6 9
P9 | Detox 0 0 | 506 | 9.7 0 0 0 | 50.6 0
P1 | Paste
) 10| 5 10 0 4.9 0 15 10 0 14.6
0 | Backfill
P1 | Waste
0 0 | 456 0 0 0 0 | 456 0 0
1 | Treatment
T1 | Used Water
0 0 0 0 0 0 0 0 0 0
Tank
68. 51. 49.5 50.5
Total 34 67% | 33% | 51
6 6 % %

The above results show that reductions in freshwater input occurred at processes 1, 2, 7, and 8;
while increases in freshwater input occurred at processes 3 and 5. The results also show that the

total freshwater used decreased from 68.6 tonnes per hour to 51 tonnes per hour—a reduction of
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25.7%. The results also show that the use of recycled water increased from 34 to 51.6 tonnes per
hour—an increase of 51.2%. Hence, the use of the optimal water allocation model facilitated a
major reduction in the current use of freshwater for this case study.

Discussion

Our first point of discussion addresses the question of: why such a major reduction in the total
use of freshwater in this case study (25.7%) was possible? The answer to this question lies in the
historical and geographical context in which the processing facility was designed. The Goldcorp
processing facility in red Lake, Ontario is over 50 years old and is located in an area surrounded
by many lakes. Hence, there is no scarcity of freshwater and era in which the design occurred
was one in which the ecological impact of wasting freshwater was not fully appreciated. The
lesson which this study presents, therefore, is that the global goal of an environmentally
sustainable future may be advanced by optimizing the water allocation problem in the
overlooked, but water-intensive, gold processing industry.

A second point of discussion concerns evaluating the feasibility of the solution. The
results show that the decrease in total freshwater usage came at the cost of increasing the
recycled water usage by 51.2%. Hence, the current capacity of the processing facility’s ability to
recycle water must be expanded in order to implement this solution. Goldcorp has recently
placed the efficient use of water as a top strategic goal for the corporation. Hence the practical
feasibility of this solution appears promising.

A final point of discussion concerns further useful applications of the optimal water
allocation model to the ore processing problem. As we noted earlier, this paper presents only the
first step which can be taken to reduce total freshwater used in the 11-stage ore processing
problem. Further steps would involve evaluating investments in water recycling infrastructure
that is designed specifically for earlier, less polluted stages, of the ore processing problem. At
present, the recycling technology used at this facility treats the all recycled water, from the most
to the least contaminated, using the same technology. The model used in this paper can therefore
be used to evaluate the benefits of using less intensive recycling technologies at earlier stages in
the ore processing problem.
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Conclusions

In this paper, we presented the application of an optimal water allocation model to the problem

of minimizing freshwater use in the 11-stage gold-ore processing problem. The innovation of

this work was not in the formulation of the model, but in its application to the gold ore

processing problem. The results showed that a major reduction (25%) in the use of freshwater is

feasible, but that this comes at the cost of expanding the current recycling capacity of the case

study’s facility by 51.2%. Hence, this paper indicates that steps towards a sustainable future,

which requires the efficient use freshwater, can be found by more efficiently allocating

freshwater in the gold processing industry.
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Abstract

Natural products represent a rich source of biologically active compounds
with recognized potential in drug discovery and development. Carissa
macrocarpa (ECKL.) A.DC. is a medicinal plant belonging to the
Apocynaceae family originally cultivated in South Africa, introduced as an
ornamental shrub In Tunislia. It Is very interesting and promising plant mainly
for the chemical composition and pharmacological activities of its fruits. The
present study Investigates the volatiles organic compounds of the leaves,
stems, flowers, fruits and roots of C. macrocarpa powders by Headspace
Solid-Phase micro-extraction and chromatography-mass spectrometry
(GC/MS).A total of 68 compounds were identified in the different organs of
C. macrocarpa. The uppermost composition for each organs the presence of
limonene In roots, the a-pinene In fruits, stems and leaves, the 6-methyl-5-
hepten-2-one and the (E)-3-octen-1-ol in flowers and the B-caryophyllene in
stems and flowers. Furthermore, the main classes for which belong the
compounds were monoterpene and sesquiterpene hydrocarbons and non-
terpene derivatives. The results suggest that the powder from each tissue of
C. macrocarpa might be a potential source of natural bioactive substances or
flavors. In fact, the limonene iIs a major component In the oil of oranges
which has many uses, Including as flavor and fragrance. The a-pinene Is
found In almond and it shows fungicidal activity and have been used to
produce flavors and fragrances. The 6-methyl-5-hepten-2-one Is a flavoring
Ingredient, found In citrus, lemon-grass and palmarosa oils. The
fS-caryophyllene has a strong woody-spice, clove like aroma used as
cosmetic and food additives and possess significant anticancer activities. (E)-
3-octen-1-olis produced by several fragrant plants (including citronella, mint
or lavender) and fungi. It is one of the components of the perfume of violet,

also approved as a food additive. _
Introduction

Aromatic and medicinal plants produced a wide variety of
volatile compounds and can be divided into terpenoids,
phenylpropanoids/benzenoids, fatty acid derivatives, and
amino acid derivatives [1].

Carissa macrocarpa (ECKL.) A.DC, belonging to the
Apocynaceae family, Is medicinal plant originally
cultivated in South Africa, introduced as an ornamental
shrub In Tunisia. It Is very interesting and promising plant
mainly for the chemical composition [
activities [2
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Objectives and methods
The present study Investigates the volatiles organic
compounds of the leaves, stems, flowers,
C. macrocarpa powders by Headspace Solid-Phase micro-
extraction and chromatography-mass spectrometry.

C. macrocarpa

Constituents of powders l.r.1.
Sesquiterpene hydrocarbons

a-Copaene 1377
a-Humulene 1445
Germacrene D 1482

B-Caryophyllene
Monoterpene hydrocarbons

a-Pinene 941
B-Pinene 982
Limonene 1032
v-Terpinene 1063
Alcohol

(Z)-3-Hexen-1-ol 857
(E)-3-Octen-1-ol 1062
1-Octanol 1072
Aldehyde

Hexanal 802
Alcane

n-Tetradecane 1400
Ketone

6-Methyl-5-hepten-2-one 987
v-Caprolactone 1058
Furane

2-Pentylfuran 993

Monoterpene hydrocarbons
Oxygenated monoterpenes
Sesquiterpene hydrocarbons
Oxygenated sesquiterpenes
Phenylpropanoids
Apocarotenes
Nitrogen derivatives
Non-terpene derivatives
Total identified

Fedia Souilem?,Feten Arbil, Roberta Ascrizzi?, Guido Flamini?, Fethia Harzallah-Skhirit
ILaboratory of Bioresources, Integrative Biology and Valorization (LR14-ES06), High Institute of Biotechnology of
Monastir, University of Monastir, Tahar Haddad Street, Monastir 5000, Tunisia
2Dipartimento di Farmacia, Universita di Pisa, Via Bonanno 6, IT-56126 Pisa, Italy,

L_eaves

1,2
0,9
0,8
4,0

17,9
3,7
10,7
1,5

7,6

0,7

1,0

7,3

7,0
35,8
0,0
14,0
0,0
1,5
4,7
0,0
38,5
35,0

Stems

7,2
3,9
4.9
21,2

19,3
4,5
12,8
1,0

4,7

1,1

42,6
0,0
42,0
0,6
1,4
0,0
0,0
12,0
14,0

Results and Discussion
Table 1. The principale volatiles compounds and their family of the differents organs of

Flowers

1,8
4,5
4,3
19,6

0,5
1,9
12,8
0,8

0,8

20,2

25,0
1,0
35,2
4,1
0,0
0,0
0,0
32,2
29,7

<
g >

L INTEGRATIVE & VALORISATION

Volatiles Organic Compounds from the Different Tissues

of Carissa macrocarpa (Ecklon) A.DC. Cultivated in Tunisia
.§ BIOLIVAL

AT i

BIOLOGIE

Fruits

1,3
2,2
2,0
10,1

22,6
7,4
14,6

17,9
5,9

0,6

50,4
2,8
17,1
0,0
0,0
0,0
0,0
20,7
3,3

Roots

1,3

0,6
1,6
29,6
0,2

3,0

8,7

13,9

5,0
40,8
2,9
7.4
0,0
0,0
0,0
0,0
44,4
95,5

The main classes for which belong the compounds were
monoterpene and sesquiterpene hydrocarbons and non-terpene

derivatives

A total of 68 compounds were identified in the different organs of

C. macrocarpa. Data showed differences in the profiles between tr
different organs. The uppermost composition for each organ Is tr
presence of limonene In roots, the oa-pinene In fruits, stems ar

€
€

d

leaves, the 6-methyl-5-hepten-2-one and the (E)-3-octen-1-olin

flowers and the B-caryophyllene in stems and flowers,

Conclusion and perspectives
The results suggest that the powder from each tissue of C.
macrocarpa might be a potential source of natural bioactive

substances or flavors.

sciences, 25(5), 417-440.
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The content of flavonols was determined 3. Flavonols

according to the method of Miliauskas et .al. Table 1 shows the flavonol contents with high
(2004). The OD was measured at 440 nm. Tannins  \5|ues found in poppy , nigella and flax sprouts.

During the latest decades, researchers are determined by the vanillin method in acid | 3 study of the effect of flavonols extracted

dealing with healthy nutrition have shifted medium and measured at 500 nm. from bean sprouts on antiproliferative activity
their attention towards determining the . . . against cancer cell lines, Guajardo-Flores et al.
biological value of nutritional germinated . . E.valuatlon of the antioxidant (2013) found that flavonols had an effect on
seeds. Studies have been conducted to  activity cancer cells of the liver and colon.

analyze the benefits of edible sprouts (anise,  |n order to determine DPPH radical-scavenging ,

cress, chia, fennel, flax, nigella, and poppy). activity a method described by Brand-Williams 4- Tannins

Germinated seeds manifest a wild richness in et g/. (1995) was used and the absorbance of the  Poppy germinated grains are those with the
polyphenols, flavonoid, flavonol, tannins. The  sample was measured at 517 nm in a UV/vis highest tannin value followed by fennel

seeds present a strong antioxydant activity. In spectrophotometer. sprouts. Tannins are present in small amounts
fact, chia sprouts show remarquable o because of the young age of sprouts that are
antioxydant potentiel evaliated by DPPH test. IV. Statistical analyzes not yet mature.

The data was analyzed statistically by SPSS .. ..
ll. Antioxidant activity

software. One-way ANOVA variance analyzes and
_ a mean comparison were performed (at p = 0.05), h
followed by a Post Hoc test. °0
The modern diet is poor in functional foods,
which keep intact all their natural molecules _
(fiber, phytochemicals and antioxidants...).

Sprouted seeds are exceptionally potent | Phytochemical composition
health foods and it is well established that

the germination process usually causes the 1. Total polyphenols :

50 .
m Anise

m Cress

o
o

» Chia

% Inhibition

(F5
=

Fenel

® Flex

]
=

¥ Nigella
Poppy

—
=

I
0,312 0.625 1,25 2.5 5

increase in nutrient content and bioactive Table 1 shows that all the sprouts studied have a Extract concentration (mg/ml)
molecules of sprouts relative to the seed  great richness in polyphenols. The sprouts of cress FIG. 1: Percentage of inhibition of free radicals DPPH

(Gomez-Favela et al., 2017). Similarly, these show a high value compared to the other seeds by the various extracts of the sprouts as a function of
seeds are an excellent source of phenols and accompanied by the sprouts of anise, chia, nigella the concentration of the extract. (The data followed by the

same letter are not significantly different at p<0,05).

flavonoids (Pajak et al., 2014, Nickel et al., and flax with lower values. These results are in
2016) which gives them a strong antioxidant agreement with those obtained by Gémez-Favela The results obtained (FIG. 1) show that the
activity whose correlation has been et al. (2017) in chia who found that germination percentage of inhibition of free radicals DPPH

demonstrated by Wang et al. (2015), Pajak et increased the total phenol content (+47.40%) due increases as a function of the concentration of
al. (2018). This master project aims to to the biosynthesis and release of phenolic the extract. Inhibition also varies depending
determine the phytochemical composition of ~ compounds during germination. on the type of sprouts.

some edible germinated seeds (total
ohenols, flavonoids, flavonols, tannins) and Table 1: Content of total polyphenols (mg GAE/g DM), flavonoids (CE mg /g DM), flavonols (CE mg /g DM) and

tannins (EC mg/g DM) of the various sprouts. (The data followed by the same letter are not significantly different at p<0,05)

their antioxidant activity.

SPROUTS ANISE CRESS CHIA FENNEL FLAX NIGELLA POPPY
Polyphénols 8822,22+298 10658,33+880 7466,66+188  4350+428  6888,88+395  7266,66+501 0
content b 2 C e d d f
Flavonoid ~ 13,26%1,33  10,73+0,46  21,06%1,33 9,46+0,66 17,13+0,66 10,33+0,46  1,9330,2
. f content C d a d b d e
I.Preparatlon OT aqueous extracts Flavonols  2401,32+127 1943,61+109 3406,30+110 2918,73+77 7174,12+191 8328,35+#472 8557,21+60
The sprouts of seven edible seeds: anise content e f c d b a a
(Pimpinella  anisum L.), cress (Lepidium Tannins 1,05240,34  1,052#0,2  1,326+0,48  1,738+0,28  1,235+0,36 0,777+0,5  3,202+0,07
sativum L.), chia (Salvia hispanica L.), fennel content bc bc bc b bc c a

(Foeniculum vulgare Mill.), flax (Linum ]

usitatissimum L), nigella (Nigella sativa L), 2 flavonoids

and poppy (Papaver somniferum L.) are put in Chia sprouts had the highest flavonoid content _

the freezer at -20 °C overnight and freeze- followed by flax. Other seeds have close values. |

dried for 3 days using a lyophilizer. The Our data are consistent with those found in flax Our r.esults clearly shovyed the rlchness. of

agueous extraction is made by decoction. (Wang et al, 2015). Who showed that the  germinated —seeds in phytochem.lcal
contribution of flavonoids to total phenolic compounds  (polyphenols,  flavonoids,

compounds was 36.8% to 75.7%, which is an flavonols and tannins). Sprouted seeds

indication of active flavonoid biosynthesis during ~ could be a promising source of antioxidants
germination. with remarkable antioxidant activity.

ll. Phytochemical composition

The total polyphenol contents of the extracts
d ined ' Folin-Ciocalteu'
dare etermine Uusing olin-Cilocalteu's
Brand-Williams W., Cuvelier M. E. and Berset C. (1995) Use of free radical method to evaluate antioxidant activity. Lebensmittel-Wissenschaft and-Technologie, 28, 25-30.
. ° . Gomez- Favela MA, Gutérrez- Dorado R, Cuevas-Rodrigues EO, Canozalez-Roman VA, Del Rosario Leon-Sicairos C, Milan-Carrillo J and Reyes-Moreno C. (2017) Improvement of Chia Seeds with Antioxidant Activity, GABA, Essential Amino Acids, and Dietary Fiber by
re a ge nt . Th e O pt I Ca I d e n S Ity (O D) IS m e a S U re d Controlled Germination Bioprocess. Plant Foods Hum Nutr.
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INTRODUCTION & OBJECTIVES

The concept of drug like specie is very common in the field of medicinal chemistry, and the use of molecular descriptors found in already known drugs, to help in the planning
the design of new molecules, is a broadly known strategy to exploit the chance of clinical success. Isoxazolidines are a class of powerful heterocycles, extensively used as
precursors of 1,3-amino-alcohols or a various variety of natural compounds and derivatives, particularly amino-acids, alkaloids and amino-sugars. Isoxazolidines possess
interesting biological activities such as antioxidant, antibacterial, antifungal, antiretroviral and antimycobacterial. The aim of this study was to evaluate some of their biological
properties. Antioxidant activity of the synthesized compounds was measured by different in vitro assays, and antimicrobial activities were also evaluated by microdilution
methods. The acute toxicity of the enantiopure isoxazolidines derivatives (3a-c) on Wistar rats was also studied. The cytotoxic activity of compounds (3a-c) was tested using
MTT cell proliferation assay. Finally, in vitro inhibition of diabetes key enzyme (a-amylase) was evaluated and molecular docking studies were performed to provide insights on
the possible binding manner and the interaction of these compounds with a-amylase.

METHODOLOGY

Entry Compounds R, R,
1 3a CH,OH H
2 3b CH,OH CH,OH
3 3C CH,CI CH,CI

: A fAntimicrobiaI activit (MIC/\ : N Cytotoxic activit N b g b
IVSRISER 6F the MBC ! Acute toxicity studies ' MTT ! a-amylase inhibition assay Molecular Dockin
antioxidant activity ) Y ( ) and kinetics study 8

\_ J

RESULTS & DISCUSSIONS Table 2. Determination of MIC and MBC (mg/mL) of the enantiopure isoxazolidines 3a-c.
Table 1. Antioxidant activity of isoxazolidines Compound (3a) Compound Compound  Ampicilline
derivatives (3a-c). (3b) (3¢)
Bacteria strains MIC MBC MIC MBC MIC MBC MIC MBC
(ECsy, mM) Staphylococcus aureus ATCC 25923 0125 0.25 025 100 025 100 0.25 0.40
Compounds B-carotene bleaching TBARS Bacillus cereus ATCC 11778 0.125 025 006 025 025 100 0.25 0.40
Staphylococcus epidermidis CIP 0.125 025 0.125 050 0.125 050 0.011 12.00
(3a) 1.35+0.11 0.81+0.11 Enterococcus faecalis ATCC 29212 0.125 0.25 0.125 050 0.125 0.50 0.023 0.093
(3b) 073+ 0.08 055 + 0.09 Escherichia coli ATCC 2592 0.125 0.25 0.25 1.00 0.25 1.00 0.023 3.00
Salmonella typhimurium ATCC 1408 0.125 025 0.125 050 0.25 1.00 0.023 0.093
(3c) 1.67 +0.12 1.40 +0.14

Vibrio parahaemolyticus ATCC 17802 025 050 0125 050 025 050 0.011 3.00

Trolox 0.2 £0.01 2./13 0.0/
Acute toxicity test _ —

B
- A g Compound 3a (344 pM) g Compound 3b (766.8 uM)
A 3a ° Cﬂ]ﬂpﬂll]ld 13 sz ].ll‘l-} 25 o Cﬂmpﬂll.lld 3b [3534 ].lll-}

¢y Compound 3a (0.0 pMj ¢y Compound 3b (0.0 pM)

MIC: Minimal Inhibitory Concentration (mg/mL); MBC: Minimal Bactericidal Concentration (mg/mL).
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Ours results show that all
derivatives  have  important " | - o |
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when compared to other studies 5
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human cell lines than compound
3a (200 + 2.8 uM) and 3b (1400 *
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CONCLUSIONS

Overall, although the number of derivatives
in this work is reduced, the results of
biological activities are very promising.
Therefore, in the future, we attempt to the
synthesis of the new isoxazolidine
derivatives by systematic modification
around our compounds with potent
activities to produce drugs with higher
therapeutic effect.
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Fig.2. Structure based docking studies
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Salinity is a major problem for plant productivity and crop development; it reduces the growth and yields of susceptible varieties. Searching adapted genotype to high salinity levels becomes an imperative for
agricultural yield. The present work aims to study the effect of salt stress on the germination parameters as well as on the growth parameters of three sorghum (Sorghum bicolor) cultivars: Bechna, Caudatum and
Taghallit. It has been shown that salinity has a significant effect on the sorghum seeds germination behavior since that it induces an increase of latency and a decrease in speed and germination rate. Growth traits
(height of aerial parts, length of roots, biomass of aerial parts, roots parts and the whole plant) are also affected by the salinity. This depressive effect Is explained by a disruption of the ionic diet. Indeed an
Increase In the Na* ion content against a decrease in K* ions has been noticed. Regarding all the germination parameters’, the growth traits as well as the mineral contents analysis (Na*, K*), one can notice that

Taghallit is the more tolerant cultivar to salt stress while Bechna is the most sensitive.
Keywords: Sorghum bicolor, cereals, salt stress, germination, growth
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INTRODUCTION ' DiSité Sorgho and salinity

Alimentation Intérét Y L f,' v Le sorgho est surtout une plante des milieux tropicaux chauds et semi arides.
Almaine medicinal Sl Comparé aux autres plantes tolérantes au sel, le sorgho est placé aprés l'atriplex, l'orge et
et Al 7 o (AN S la betterave sucriére.
Dans le sorgho, le sodium reste principalement dans les racines par rapport aux parties

aeriennes ce qui pourrait étre di au mecanisme de rétention plus de Na* dans les racines
par rapport aux autres parties des plantes.

Les utilisations du
sorgho

Alimentation
animale Intéreét

industriel -~ 2 Ve

éco?gs:?que . 5\ SR e X METHO DOLOGY

N z 7 Zan Les graines des trois cultivars sont désinfectés pendant 20 minutes a 1’cau de javel diluée a 20
%, puis laves a 1’ecau courante. Apres ringage a I’eau distillee, ils sont mis a germer dans des
boites de Petri tapissées d’une double couche de papier filtre imbibée d'eau distillée
eventuellement additionnée de NaCl (50, 100, 150, 200 et 300 mM). Les boites contenant 25
grains, sont placées a I’obscurité et a température ambiante pendant une semaine. Le
denombrement est effectue toutes les 2 heures pour suivre la cinétique de germination des
grains.
Les boites aux grains germeés sont ensuite transferees dans une salle climatisée sous plafond
lumineux. Les conditions de cultures sont les suivantes : éclairement 100 umol.m2. s;
photopériode 16 h ; tempeérature comprise entre 25°C le jour, et 19 °C la nuit.
Seize jours apres le semis sous différentes concentrations de NacCl, les plantules ont eté récoltées

Plus de 397 millions
d'hectares sur terre
sont affectés
aujourd'hui par une
salinité excessive des
sols. ce qui représente
12 % environ des
terres cultivables.

" ASIE, PACIFIQUE,
0 AUSTRALIE

R 7t ¥ | \
8RR MOYEN-ORIENT \\ ‘6’3 i
LT ¢ 91,5Mha \ 4 \
) &

Les terres salées dans le monde D
en millions d‘hectares (Mha)

Hell® Cle el 3 Cultivars:  Caudatum Bechna Taghallit et séparées en parties : aérienne et racinaire
Plant grOWth Matiere seche des parties acriennes Matiere seche des racines
Effet de la salinité sur le temps de latence (en heures) de trois cultivars de Sorghum bicolor L. Moench. " o0
0,0070 0,0040
_ 5 00060 s 0‘0035
5 0,0050 ; 3_.332
Y Letemps de latence augmente en 20,0040 2 o on
0 38 22 18 fonction de 1’augmentation de la o 0,0015
_ ,002 0,0010
- " y ) concentration du NaCl. 00010 I II T 0005 I I II
0,0000 0,0000
0 50 100 150 0 50 100 150
100 40 28 26 e temps de latence le plus court est NaCl, mM NaCl, mM
150 62 30 30 Obtenu Chez Taghalllt alors que BeChna ®m Bechna ™ Caudatum Tagha]]lt m Bechna mCaudatum Tﬂghﬂllll’
a le temps de latence le plus long.
200 /4 o4 48 Variation de la masse seche des parties aériennes et des racines des 3 cultivars de sorgho en fonction de la concentration en
NaCl.
300 100 58 54

Y Laprésence du sel dans le milieu affecte la biomasse des plantules chez les trois cultivars.

P2 Taux final de germination (en nombre de graines) des cultivars de Sorghum bicolor L. Moench La biomasse de la matiére séche des parties aériennes la plus basse est obtenue par Bechna au traitement 150
sous U’effet de différentes concentrations de NacCl.

mM NacCl.
Taghallit est moins affecte par les traitements que Bechna et Caudatum
Traitement par NaCl (mM) Bechna Caudatum Taghallit M | ne ral N Ut”tl on
0 9 02 100 P2 Laprésence du sel affecte le taux @ @
final de germinati()n_ e nombre Teneurs en K+ des parties a¢riennes et racines Teneurs en Na+ des parties a€riennes et racines
50 99 22 % final des grains germés diminue au s parties aériennes racines 2 160,000
100 99 84 99 fur et a mesure que la =5 300 2 e
_ B 250 S 150 s aéTi '
concentration de NaCl augmente. + 200 g 190000 partics aériennes racines
150 96 83 94 % 150 I Z 60000
S 100 S 40,000 II I
— 50 — 20,000
200 48 40 45 5 I I l . o000 1N l
0 100 0 100 0 100 O 100
300 32 30 38 NaCl, mM NaCl, mM
®m Bechna = Caudatum Taghallit ®m Bechna = Caudatum Taghallit
Hauteur des parties aériennes Longueur des racines
700 14.00 Variation de la teneur en K* et en Na* dans la partie aérienne et dans la racine chez 3 cultivars de sorgho en fonction de
.00 12.00 la concentration en NaCl.

& 5.00 = 10.00

Z 400
=

>» Les parties aériennes accumulent 2.5 fois plus de K* que les racines. L’addition du sel dans le milieu de culture
entraine une reduction de la charge tissulaire en ce cation au niveau des deux organes. Les teneurs les plus eleveées en

2 300
fgg II I I 4 II II I K* dans les 2 organes sont obtenues par Taghallit, alors que Bechna et Caudatum présentent les teneurs les plus
: 20 .
i C | u nl faibles.
a S0 100 150 a el 100 150

Q.00 0.ao

La présence de NaCl dans le milieu entraine une augmentation considérable des teneurs en Na* dans les deux
organes, et ce chez les trois cultivars. Cependant, ce sont les racines qui presentent les teneurs les plus elevées en ce
cation. En presence de 100 mM de NacCl, les trois cultivars accumulent 2.6 fois plus de Na* dans les racines que dans
les parties aeriennes.

longueur, cm
o W
- =
(] =

=

MaCl FaCl b

BMEechna BCaudatum B Taghallit MEechna M Caudatum M Taghallit

B Variation de la hauteur de la partie aerienne et de la longueur de la racine de 3 cultivars de sorgho
en fonction de la concentration en NaCl. C . La salinité agit sur les parametres de germination et de croissance
D La présence du sel dans le milieu affecte négativement ces deux caractéres définissant onciusion Ty | duiliigs el stade germinatif chez les trois cultivars de sorgho

la croissance. Pour la hauteur de la partie aerienne, les valeurs les plus élevées sont etudies.
obtenues chez Taghallit sous les traitements 0, 50, 100 et 150 mM NacCl. Plus les concentrations de NaCl sont élevées, plus lesdits parametres

En présence de 150 mM NaCl, la diminution de la longueur de la racine est de 57, 59 sont négativement affecteés.
et 80% par rapport au temoin respectivement chez Caudatum, Taghallit et Bechna. Toutefois, si on considére l'ensemble des paramétres étudiés, le

cultivar Taghallit s'est montré le plus tolérant a la salinité alors que
le cultivar Bechna s'est montré le plus vulnérable.
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+ ABSTRACT

In this study, we carried out an experimental field rejuvenation of the Tunisian A. saligna, in the aim of analyzing the effects of the cutting height on the sprouting capacity and on the
biomass production. A total of 60 adult trees of A. saligna were randomly selected and cut at heights of 10, 30 and 50 cm aboveground level (20 trees each). The results indicated that the
50 cm stump height alowed a maximum rejuvenation expressed by the highest number of sprouts and juvenile bipinnately compound leaves; reminding those that have been developed or
seedlings. Also, six-month aged sprouts promoted the best transition phenomenon rate, the longest and the widest phyllodes that are more vigorous than those developed on seedlings and
adult trees. We also tracked the switching from juvenile leaves to phyllode by controlling the early development stages of three-month aged seedlings and the shoot leaves obtained from
stumps in order to better understand the A. saligna heteroblasty.

+ INTRODUCTION

Acacia saligna (Labill.) H.L.Wendl., synonym of A. cyanophylla Lindl. (Le Floc’h et al., 2010)
IS native to Western Australia and planted widely around the world with an estimated 300,000 ha
(Midgely and Turnbull, 2003). It is identified as one of three priority multipurpose species for arid and
semi-arid zones (Midgely and Turnbull, 2003). It is used extensively for sand dune fixation and the
fight against erosion (Langkamp, 1987). In addition to its rapid growth and its drought tolerance, it
has a high productive potential in wood, firewood, fodder and charcoal (Midgley and Turnbull, 2003).
It was introduced in North Africa, to conserve soils and to ensure fodder availability particularly in dry
seasons (FAO, 2010). In fact, in Tunisia this species produces important biomass (woody and leafy)
(Derbel et al., 2009) and its plant material is used in the compost manufacture (Ammari et al., 2003).

Despite all these advantages, A. saligna is relatively short-lived; about 10-20 years (Whibley and
Symon, 1992). In Tunisia, in dry conditions, it does not exceed 10 years (Le Floc'h, 1988). So, it
requires several rejuvenation cuts for a large biomass production to meet the livestock needs (Nasr
et al., 2013). In Tunisia, the knowledge of the conditions and methods of fodder trees and shrubs
propagation has been considerably improved for several years, but much remains to be done to
Increase their ligneous and leafy biomass production. Their sustained productivity and management
on rangelands remains a serious and major challenge. Fodder production and quality are promoted
by cutting management. In regard to the leaf morphology, the juvenile leaves of the Australian
phyllodinous Acacias are bipinnately compound ones, but adult leaves are reduced to broad
flattened petiole (phyllode without leaflets) that have higher potential as a source of stock fodder
(Shanta et al., 2015). The switching from compound to transitional leaves and so to phyllodes is
heteroblastic in Acacia and its timing is species dependent.

In this context, we realised different rejuvenation tests of the Tunisian A. saligna, in the aim to
determine the effects of the cutting height on the sprouting capacity and identifying the best cutting
height to be adopted in order to promote resprouting (maximum percentage of sprouted stumps),
allowing to produce an important plant biomass. In order to better understand the A. saligha
heteroblasty. we also tracked the switching from juvenile leaves to phyllode on seedlings and on
shoot leaves obtained from stumps.

4+ RESULTS & DISCUSSION

1. Morphogenetic tracking of the foliar developmental stages during 3 months of seedlings growth

Foliar switching has occured through 4 morphological developmental stages

+ MATERIALS & METHODS

= Seed germination & seedling establishment

Calculation of the
total germination
rate (after 15 days)

Removing of 300 Sterilization and
uniformly shaped germination of seeds
and sized seeds (25/Petri dish)

Collection of
mature pods

Tracking of the chronological appearance of juvenile leaves and phyllodes
(on 50 seedlings 3-month aged)

Number of
\

— phyllodes/plantlet

Number of juvenile

bipinnate leaves/plantlet 4 controlled

Number of leaflets — growth parameters ~, Length x Width (cm)
pairs /penne of phyllodes

= Seedlings transplantation & acclimatization

Transplé{htation of 2-
week aged seedlings
in Jiffy-pots

plantlets in large pots
(5 plantlets/pot-50 pots)

= Stumps regeneration Cutting of 60 adult trees at 3 heights (10, 30 and 50 cm aboveground/20 trees each)

v

3 months after coppicing

Number of sprouts and
juvenile bipinnate
leaves/stump
+
Number of leaflets
pairs/penne

e Comparison with the Length x Width (cm) of 30 phyllode samples collected randomly on adult trees

Q Evaluation of the coppicing impact on the plant biomass production

Q Monitoring of the sprouts’ growth for 1 year after the coppicing

5 controlled vegetative re-growth parameters

N

6 months after coppicing

Number of phyllodes/stump
+

Length x Width of phyllodes (cm) e\

+

Transition phenomenon rate

Stage 1. One-month photosynthetically active seedlings produced the
first and the second true leaves (F1 and F2, respectively). They are two
opposite pinnately compound leaves attached at the same node
corresponding to the pinnate:pinnate mode

Stage 2. The following five leaves initiated are bipinnately compound
ones (F3, F4, F5, F6 and F7), each one consisting of a slender petiole
that bears 2 pairs of opposite leaflets. The leaves arrangement becomes
alternate from the third leaf (F3) with a gradually elongation of the petiole.
The two-month aged seedlings have all formed the first seven leaves;
their average number per plantlet is of 7.02 £ 1.60.
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Stage 3. The two and a half-month aged seedlings formed the eighth leaf
(F8) with a compound limb that was gradually atrophied and a petiole that
began flattening and took up the appearance of a leaf blade. It was the

transitional form.

Stage 4. Three-month aged seedlings developed the ninth leaf (F9) with a petiole
progressively flattened in a vertical plane, into linear, glabrous and greenish first phyllode
with a complete disappearance of the limb.

It is important to note that the three-month aged seedlings haven’t developed any more
juvenile bipinnate compound leaves. They initiated only variable number of phyllodes.
Their average number per plantlet is 3.92 £ 0.75 and their average length x width is 9.98
x1.54+0.29 cm.

+ conclusion

and finally to phyllodes (ninth leaf).

Foliar development of A. saligna seedlings occurs
through four important stages. Leaves switched
from pinnately compound (the two first leaves) to §
bipinnately compound ones (from the third to the
seventh leaf), then to transitional form (eighth leaf) :

v The stump height cutting, at 50 cm
~ aboveground, promoted maximum
% Sprouting and rejuvenation, expressed by
_ A the development of a juvenile bipinnately
S5 W - compound leaves, and allowing the
poes  production of an important plant biomass.
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2. Stump height effect on early sprouting of Acacia saligna

Severe coppicing of tree trunk; at 10, 30 and 50 cm heights (20 trees per each height), promotes differ
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v' Stumps sprouting potential

Positive relation between the stump height and the number of sprouts per stump

The highest average number was obtained with 50 cm stump height

v' Juvenile leaves development

= Severe coppicing of A. saligna tree trunks have induced, directly after
stumpsprouting, during the first three months, the appearance of juvenile
bipinnate leaves with a fine petiole reminiscent from F3 to F7 leaves observed on
seedlings. Their average number per stump has increased gradually with the
stump height and reached 60.20 £ 5.83 (50 cm aboveground). The number is
variable. The highest average number of leaflet pairs per penne (6.75 = 0.64)
was recorded at 50 cm of stump height. A. saligna adult trees coppicing favorites
a maximum rejuvenation, expressed by the juvenile leaves development on the

sprouts.

Relationship between A. saligha stump heights and sprouting ability 3 and 6 months after coppicing
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pairs/penne/stump 10
10
0 0
10 30 50

Stump height (cm)

v' Transitional stage and phyllodes development

The bipinnate compound leaves development stopped 3 months after the coppicing. From this date, we have noted the
appearance of the transitional form leaves. Six months after the coppicing, petioles of all the transitional leaves were transformed

iInto enlarged phyllodes. 20
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transition
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Phyllodes show an important polymorphism. Their number, length and width varied according to the stump height. The highest
average values for those parameters and the most important rate of transition were recorded at a stump height of 50 cm

aboveground.
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Results and discussion

ADStr . e
bst aCj[ | | _ -+ The analysis of VOCs allowed the identification of 39 (94.9%) and 29
The  radish  (Raphanusraphanistrum  subsp.  sativus(L.)Domin  and | compounds (97.7%) in green waste of turnip and radish respectively. These

the t_urnip Brass_ica sul:_)sp. rapa L. are an edible root ve_getable of theiiconstitutes are grouped In various chemical classes (Table 1). The data
. Brassicaceae family. Their green leaves are usually thrown awayeither at the farm ' showed differences in the profiles between both species. Among the VOCs the

or the market and so represent an abundant and underutilized waste:however, they monoterpene hydrocarbons were in the highest percentages in radish tops.

should be valued as by-products for their content in recoverable high value added However, nitrogenous compounds, carboxylic acids and phenylpropanoid
- compounds.However, only a verysmall percentage of edible green leafy vegetables | | .haracterized turnip green tops.

~are being utilized for human consumption or for human health.Our knowledge of the ' :

~ constituents of radish and turnip are mostly related to the roots, while studies on the | | Table 1: Chemical analyzes of VOCs of radish and turnip green waste
chemical composition of the volatiles organic compounds (VOC) from the leaves o

~ are scarce. The purpose of this study was to identify the chemical composition of the ' : Chemical classes %in green waste of
VOCsfrom the green tops of R.sativusand from B. rapa subsp. rapacultivated in Turnip Radish
. Tunisia. These compounds are grouped into various chemical classes such as Monoterpene hydrocarbons 35.1 61.9
monoterpene hydrocarbons, alcanes, nitrogene compounds, ketones, apocarotenoids, Oxygenated monoterpenes 31 0.8
aldehydes, alcohols and others. A total of 39 compounds representing 94.9%of the | Phenylpropanids 50 0.0

. total VOCs were identified in turnip and 29 in radish (97.7%). The data showed ' '
differences in the profiles between the different species. Among the VOCs the a- | | Apocarotenes 0.8 4.6

~ pinene(13.8% in rturnip and 28.8% in radish), limonene(12.4% in turnip and 17.5% | | Hydrocarbure aromatique 0.0 1.1
In radish), [3-pinene (4.2% in turnip and 7.4% In radish), the 3,5-octadien-2-one Aldéhyde 4.0 6.0
Isomer (5.2% In turnip and 7.2% In radish) were In the highest percentages. Nine Alcool 24 6.7

. nitrogenous compounds (10.3%), two carboxylic acids (4.6%) and one

phenylpropanoid, the (E)-anethole, characterized turnip green tops. The alcohol 2,6- Ether _ 1.7 0.6

- dimethylcyclohexanol characterize the radish .The styrene, an aromatic | | Acide carboxylique 4.6 0.6

~ hydrocarbon, found only in radish has a sweet smell, it occurs naturally in small Cetone 10.6 9.9
guantities in some plants and foods (cinnamon, coffee beans, and peanuts).The Alcane 12.3 4.1
VOCs obtained from the_se_ by-p_rodu_cts showed indee_d Interesting potential to be Nitrogen-derivatives 10.3 14

. promoted as natural antimicrobials in food preservation systems, as well as the Total identified 94.9 97 7

possibility to be used in flavor industries.

R Some of VOCs are presented In high percentage in both species namely a-
i pinene , limonene, R-pinene and 3,5-octadien-2-one isomer . However, some
others  were found only in the radish tops like the alcohol 2,6-
dimethylcyclohexanol and the styrene which has a sweet smell, It occurs
naturally in small quantities in some plants and foods (cinnamon and coffee
beans). On the other hand, VOCs as 2,4-dimethyldecane, (E)-anethole and
- (E)-B-ionone were characterized the turnip green waste. Percentage of major
- VOCs are shown in Table 2

Introduction

The radish (Raphanus raphanistrum subsp. sativus
(L.) Domin and the turnip Brassica subsp. rapa L.
are an edible root vegetable of the Brassicaceae
family. Their green leaves are usually thrown away
either at the farm or the market and so represent an
abundant and underutilized waste: however, they
should be valued as by-products for their content in

_ Table 2: Major VOCs of radish and turnip green waste
recoverable high value added compounds.

N° Major VOCs l.r.i. Turnip Radish
_ 1 a-pinene 941 13,8 28,8
However, a small percentage of edible green 5 limonene 1032 12.4 17,5
leafy vegetables are being utilized for human 3 B-pinene 982 4,2 7.4
consumption or for human health. Our knowledge 4 3 5-octadien-2-one* 1072 5 2 7.2
of the constituents of radish and turnip are mostly 5 2,4-dimethyldecane 1106 76
related to the roots, while studies on the chemical 5 2,6-dimethylcyclohexanol 1107 : 5 7
composition of the volatiles organic compounds v ' (E)-anethole 1785 50 ;
(VOCs) from the leaves are scare. . (E)-B-ionone 1487 21 ]

Conclusion and perspective

Objectives and Methods The VOCs obtained from these by-products showed indeed interesting
i potential to be promoted as natural antimicrobials in food preservation

The purpose of this study was to identify the chemical composition of the systems, as well as the possibility to be used in flavor industries.
VOCs from the green tops of radish and turnip cultivated in Tunisia by Supelco References

SPME (Solid Phase Micro-extraction).
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