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ABSTRACT

C. olitorius is a traditional African leafy vegetable (ALV). It has interesting
nutraceutical properties and is widely consumed among the African and South-
East Asia populations. It is commonly cultivated through a conventional way:
in the open field. Hydroponic cultivation systems optimize production inputs
(water - fertilizer), but they also foster the production and the quality yield.
Moreover, hydroponic systems improve shelf life and thus reduce food waste.

For this thesis, a floating system cultivation method has been investigated to
grow C. olitorius, commercially known as “baby leaf”. The study has focused on
two aspects, namely nutrient supply efficiency and shelf life qualities, in order to
accelerate the commercialization of C. olitorius within Europe’s leafy vegetable
industry. However, both of those improvements were also essential for improving
production and quality levels in developing countries. Moreover, the communities
which traditionally consumed C. oliforius in their native countries have been
increasing in Europe. Likewise, public interest about nutritional and healthy food is
rapidly rising worldwide, so promoting the discovery of new, nutritionally valuable
food plants such as C. olitorius could be an interesting step forward. For all these
reasons, understanding the nutritional shelf-life of vegetables was crucial claim
for meeting customer needs and for boosting innovation in the food industry.

In these previous studies (Chapter 3-4) an Egyptian ecotype of C. olitorius has been
used as a gold standard. Two different nutrient solutions have been tested to optimize
nutrient need during a one year cultivation cycle: a standard solution nutrient in full,
then a second one halved to test differences in the growth and qualities response. The
harvested biomass has been evaluated as baby leaf at the fresh-cut industry stage.
Several quality parameters have been estimated: sugars (total, reducing and sucrose),
nitrate, chlorophyll, carotenoids, polyphenols and anthocyanins (Chapter 4). Plant
production was similar to other common leafy vegetables cultivated in floating systems
in Europe. Analytical determinations displayed good levels of antioxidant compounds
and sugars. Mineral content was relevant for Ca, Mg, and Iron in comparison with
other common leaty vegetables (Corn salad, rocket and lettuce). Moreover, C. olitorius,
when cultivated using traditional growing systems in literature, showed less nutrient
content than C. olitorius cultivated with the floating method, which was an interesting
result for bio-fortification in developing countries. Results showed that the plant had
healthy characteristics for human nutrition, especially for females and children. High
levels of Ca, Mg and Fe, in fact, are very important during pregnancy and childhood.
Results obtained from yields and nitrates indicate that this species can be grown with
lower mineral concentration in the nutrient solution without decreasing production
and quality. The level of sugars measured was higher than in other traditional leafy
vegetables which are usually cultivated via floating systems such as rocket, lettuce and



spinach. Higher sugar content could have a positive effect on post-harvest storage and
could be an important contribution to the human diet. C. olitorius may hence represent
a product innovation in the fresh-cut industry in the near future. Moreover, in this
thesis, biochemical and physiological differences of several ecotypes of C. olitorius
worldwide and their growing behavior were studied. These elements were priority
aspects for the food industry in order to introduce the best genotype adapted for
growing in a Southern European environment (Chapter 5). However, considering the
difficulties involved with introducing a new leafy vegetable, it is important to consider
not only agronomic and physiological aspects, but also the consumer’s point of view.

These days, the European population is interested in the prevention of chronic disease
through food consumption. For this reason, the final part of this thesis planned to
test the fresh crude extracts of C. olitorius in order investigate phenolic and terpene
composition. Results confirmed the relevant presence of many active compounds such
as quercetin, coumarin, vitamin E and terpenes inside C. olitorius leaves (Chapter 6).
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CHAPTER I: INTRODUCTION

1.1 READY TO EAT INDUSTRY

Vegetables are classified into four commercialization classes, depending on the
types of processes to which they were subjected. Generally, fresh vegetables are
commercialized unprocessed, like bench vegetables, but some of them are stabilized
like canned and frozen products like legumes, or otherwise as ready-to-eat vegetables
like fresh salads (Baldi and Casati 2009). During the past 10 years, a constant increase
of the consumption of ready-to-eat (RTE) vegetables followed lifestyle trends in
Western populations and consumers’ food habits. Furthermore, the consumer was
aware of the strict correlation between vegetable consumption and their own health
(Florindo, et al., 2015). A frenetic urban lifestyle increases a demand for products
that can be consumed without home labour, like RTE vegetables. In particular, leafy
vegetable production was increasing thanks to innovation and new storage technology
that increased and extended the quality of RTE foods, delaying their perishing. The
increased consumer demand caused companies which produced RTE food to adapt to a
dynamic market by optimizing cultivation techniques and focusing on product quality
and innovation. However, virtuous market competition has decreased production
cost to benefit consumers, increasing the power of purchase (Baldi and Casati, 2009).

RTE vegetables are mainly divided into salads which are cultivated until complete
harvest stage and processed (cut), and baby leaves that are collected in very early
stage of developing (before they reached 13-15 cm height and have 6-7 leaves). The
added value of RTE vegetables consists in cleaning raw material from foreign objects,
eliminating damaged parts, cleaning and cutting, packaging and refrigerated transport
to stores. Moreover, the consumer does not need to waste any parts of RTEs, since
they can be used immediately, and in their entirety, for human consumption. All
these supply chain operations could be controlled to avoid nutrient loss as well as
organoleptic and aesthetic losses (Colelli and Elias, 2009). For these reasons, it was
important to study produce behavior from field to consumers through the supply
chain (chapter 2-3). For example, it was essential to understand the response of
the produce to chilly injuries, considering common vegetables cold chain 4-5°C.

Consumers are particularly interested in food safety issues surrounding fresh RTE
salads. There is a precise regulation in Europe for controlling microbial contaminants
EU n. 1441/2007, as well other contaminant like nitrate UE n. 1258/2011. Nitrate is one
of the most important inputs for producing leafy vegetables as well as one of monitoring
input factors because nitrate must have a limited presence in the human diet, per the
advisement of the WHO. Nitrate is not toxic, by itself, for human health. However,
it is converted into pro-toxic molecules such as nitrites and other nitrogen oxides.
According to a study of the 1976 Spiegelhalder, 5% of nitrate is reduced into nitrite in
human digestion. Nitrite is an active compound that can react with ammine forming



SELECTION CUTTING

ROW MATERIALS
7 o\

>> FOOD
WASTE

X/

WASHING

DISTRIBUTION STORE

Figure 1. Flow Sheet of Fresh RTE salads.

nitrosamines which are considered to be highly toxic, pro-cancer chemical compounds
(Bruning-Fann and Kaneene, 1993). However, the role of nitrate in human nutrition is
ambiguous, in fact, according recent studies; nitrates may be involved in the metabolic
regulation of the human body. It was suggested that nitric monoxide, generated through
the oxidation of nitrate by microbial gut flora, could perform nutraceutical functions.
Moreover, it was demonstrated that in the human gut, nitrogen monoxide (NO) plays
a protective role against some human microbial pathogens (McKnight et al., 1999;
Lundberg et al., 2004; Bryan, 2006). While nitrate supply was controlled mainly in the
field during the cultivation cycle, nitrate content in leaves were evaluated in correlation to
biomass productionand qualitylevels,duringthe two firststeps ofresearch (Chapter 3-4).



1.2 IMMIGRATION AND THE CONTRADICTION OF “SUSTAINABLE
INTENSIFICATION

Corchorus olitorius L. is an interesting nutritional and pharmaceutic plant. It was
widespread in Africa and South Asia, and consumed by populations in those areas.
C. olitorius either grew spontaneously in open fields, or cultivated by humans in a
traditional way. However, C. olitorius has high genetic variabilities that allow it to
be cultivated in different climatic conditions from Africa to Japan, and throughout
the Middle East. Cultivating this leafy vegetable in Italy and in other countries
in Europe would generate an interesting economic scenario with regard to foreign
citizens that were used to eating this leafy vegetable in their native countries.

During the last 10 years, Europe has experienced a large amount of migration
from Africa and the Middle East. Famine and war have driven millions of people
to move to Europe to improve their living standards. In fact, food prices and water
availability are usually catalysts for the very regional tensions that lead to war. In the
current political landscape, efficiently controlling agriculture and, in particular, water
availability and water access for agriculture, are essential for a good international
policy. This strong correlation among water, food and agriculture, enlarged in macro
areas like the Middle East, can also be seen in smaller, district areas and in civil war.
The increase of competition over the use of water between agriculture and other
economic sectors like factories, service and cities, pronounced the risk of a water
deficiency for developing countries. This risk of water deficiency is especially acute
for areas with a high rate of economic growth, such as Egypt, Kenya and the Sahel.
The limited amount of water in many regions where population growth is linked to a
high urbanization rate generates difficulties between food production and life in cities.
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A balance between agriculture, food production and water utilities in urban centers
must be found through the reduction of cost and the increase of sustainability. It is also
essential to increase the variety of diets in order to guarantee food security for all world
communities. Food security is one of the most important items on the global agenda. In
order to solve these critical issues, it is necessary to discover more sustainable methods
of food production. “Sustainable Intensification” (SI) could be essential for a correct
global response to food insecurity and globalization, but SI opened discussions on the
conflict between food production and environmental protection. It was suggested by
many authors that “sustainable intensification” should focus on increasing productivity
more than quality production. In chapters 3 and 4, C. olitorius were tested in response
to hydroponic cultivation, which is a technique that increases water use efficiency;,
enhances production and improves food quality. In fact, the floating system is a high
performance cultivation method that, in particular, increased the quality and yield
of salad production. In general, a standard nutrient solution which was used in the
floating system was rich with fertilizers, even after a cultivation cycle. However, if it
was reused in other production cycles, and not released from the floating system into
the local environment, efficiency could increase significantly. Nutrient solution, if
released on the open field, can induce strong pollution, such as nitrate accumulation,
in drinkable water and groundwater. For these reasons, a reduced NS has been studied
to evaluate C. olitorius growth responses in order to reduce fertilization input and
preserve food quality. Moreover, the floating system accelerated cultivation cycles,
improved food safety against microbes and allowed control of the plants’ uptake for
fortification, such as oligo-element fortification, which is essentials for human nutrition.

This study on the conduct of C. olitorius in floating systems showed an important
increase of food production and water use efficiency. Moreover, nutritional levels
were higher in comparison with the conventional cultivation methods (Chapter
3). The cultivation protocols used in these studies (Chapter 3-4) could be used
for the improvement of quality and yield, and the reduction of water use and
fertilizer input in many countries in which C. olitorius is cultivated and consumed.

Figure 3. Diffusion of C.
olitorius (L.) as leafy vegetable
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1.3 FOOD SECURITY: C. olitorius potential role

Food security is a central theme of the new millennium and must be faced at national
and international levels, taking into consideration the multidisciplinary nature of the
field which involves socio-cultural, political and environmental as well as agronomic
and economic aspects (Deaton, 1998). From an economic and environmental point
of view, food security was defined as a situation in which people may have safe and
appropriate food with the nutritional requirements for leading an active and healthy
life (WES - Plan of action, 1996). Food security was based on three pillars: food
availability, access and utilization, as reported in FAO guidelines (Matushke et al.,
2009). Human nutritional requirements change from childhood to old age, particularly
with regard to oligo elements and vitamins (Ogunlesi et al., 2010). For these reasons,
C. olitorius, as shown in chapter 3, has interesting nutrient characteristics which enable
it to function as a super food against malnutrition. Inside C. olitorius leaves are 17
nutraceutical compounds (Islam, 2013). The leaves are commonly used as food, having
higher nutritional values than fruits and stems (Ndlovu, et al, 2008) (Chapter 6).

Table 1. Leaves, stems and seeds composition. Different letters underlined statistical difference p<0.05. Data
in media+SD; n=3 (Ndlovu, et al., 2008).

Leaves (g kg' Dw) Fruits (g kg™ Dw) Stems (g kg' Dw)
Lipids 17.20+2.9a 42.30+6.0b 69.00+1.3c
Fibres 20.30+1.0a 35.50+1.5b 88.20+4.8b
Proteins 162.60+3.37a 76.50+3.20b 51.00+1.80b
Total carbohydrates 695.00+32.4a 788.00+28.70b 802.00+18.2b
Iron (Fe) 0.228+0.01a an. 0.0428+0.005b
Calcium (Ca) 0.347+0.02a 0.197+0.012b 0.0761+0.008¢
Zinc (Zn) 0.051+0.006a 0. 028+0.005b 0.0340+0.001b
Magnesium (Mg) 0.560+0. 02a 0.449+0.020b 0.3340+0.010c
Phosphorus (P) 0.258%0. 03a 0.156+0.02b 0.0380+0.003¢

Moreover, several studies underlined its ability to adapt in different environments.
In fact, C. olitorius is generally quite tolerant to drought and can be cultivated in
soils with low fertility levels (Chapter 5). In developing countries, particularly
in Africa, the diet of poor communities is mainly based on rice, potato, and
cassava. These foods are full of carbohydrates, but they lack oligo elements
and vitamins, hence C. olitorius can be added to solve this deficiency. Chronic
undernutrition is a hidden risk for millions of people all around the world (FAO).

For example, vitamin B9 content inside C. olitorius is high in comparison with other
vegetables that are rich in vitamin B9, as shown in 1981 by Chen et al. Per the literature
in chapters 3 and 4, the carotenoids levels in C. olitorius leaves has been measured
during summer and spring and is higher than common leafy vegetables. Moreover,
vitamin C and polyphenols are found within C. olitorius, and they can positively affect
human health, preventing chronic disease. However, it is important to remember that C.
olitoriusis traditionallyboiled before consumption to prevent biological contamination.

12



Corchorus spp. has a good correlation between patterns of amino-acids and their
amount inside leaves. Both characteristics can be used as dietary supplements in
developing countries, as suggested by Kamga et al., in 2013. The protein percentage
inside leaves ranged between 3-4% (Kamga et al., 2013). Protein uptake is generally
considered to be a main components of food security during childhood. Threshold
protein deficiency could seriously compromise the healthy growth of a baby and cause
the mother to experience malnutrition during pregnancy and lactation. C. olitorius can
also be a supplement for threshold elements like iron, zinc and potassium, as underlined
in several studies (Ndlovu and Afolayan, 2008). In chapter 3, threshold elements were
analysed in two NSs to see the difference in uptake in C. olitorius as a fortifying food.

1.4 SCOPE OF THE REASERCH

The aim of this Ph.D. thesis was to investigate:

o the behaviour of C. olitorius cultivated in floating systems as healthy vegetable for
human nutrition in Europe and Africa;

o the possibility of producing C. olitorius as an ethnic vegetable in South Europe
considering migration trend from Africa in the next 20 years;

« the use of C. olitorius as new product for RTE industry, considering the reduction
of cost.

The objective of this study was to determine:

« growth performance and nutrient contents of C. olitorius using different nutrient
solutions;

o C. olitorius behaviour during storage at 4° C after harvest;

o different worldwide ecotypes and their growing and physiological performances
in Italy

o active compounds of C. olitorius inside leaves .

The above objectives was been studied in four major experiments and they were
elaborated in the following chapters.

13



CHAPTER II: C. olitorius (L.) as a
traditional subtropical leafy vege-
table for human health: a review

2.1 INTRODUCTION

C. olitorius belongs to the genus Corchorus (L.) under the family of Malvaceae.
Corchorus spp. are generally spread in tropical and subtropical regions. Jute is a
common cash crop for fibre, but it has been used for food and drugs in traditional
medicine for millennia. C. olitorius goes by various national names from Africa to
Asia, but it was commonly referred to as Mulukhiyah, Jew’s mallow or Nalta jute.
Its original name, Jew’s mallow, came from its association with the traditional
Jewish culture of biblical times. However, the introduction of the cultivation of C.
olitorius in Africa and in Asia can be dated around 3000 B.C., even though its use as
a spontaneous crop might predate the Neolithic era (Wraing et al., 2012). While it
primarily was considered as a cash crop, it was also recognized as a TLV (traditional
leafy vegetable). Thus, its genome was sequenced in 2010 for many economic reasons.
It is commonly used as food in traditional dishes in most of the regions of Africa.
It is obtained through cultivation and after spontaneous growth (van Jaarsveld et al.,
2014). Interest in C. olitorius has increased over the last 10 years. This increase in
interest is due, in part, to FAO’s goal of finding ways in which TLVs are useful for
increasing food security in developing countries. Moreover, the interest in these TLV's
and, in particular, C. olitorius, led to further investigations into its phytochemical
properties, as suggested by the Japanese Resources Council of Science and Technology
Agency (2000). TLVs are considered important sources of phytochemicals, vitamins
and trace elements like iron, manganese and copper, especially during pregnancy
and childhood. Hence, C. olitorius can be used as supplement for human nutrition.
Moreover, the utilization of C. olitorius as a traditional herb could improve the
income of small communities, as was suggested by High and Shackleton, 2000. Since
C. olitorius is commonly used and cultivated in many communities in West Africa
and South Asia, it could possibly address the needs of people who suffer from many
different nutrient deficiencies. The high genetic plasticity of Corchorus spp. and C.
olitorius provides it with the capacity to adapt to a wide variety of environmental
conditions (i.e., tropics, Sahel, Mediterranean environments and Desert areas). For
example, C. tridens was also consumed in semi-arid lands as a supplement during
arid seasons (Freiberg et al., 1998). Indonesian’s C. olitorius (Salayut) is cultivated in
tropical, humid areas and, as an indigenous leafy vegetable, was considered generally
more nutritious than common leafy species like Lactuca sativa, Chicorium endivia
and Spinacia oleracea. However, it is also important to consider anti-nutritional
factors inside all of these species (Ndlovu and Afolayan, 2008) (Musa et al., 2010).
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2.2 AGRONOMIC NEED

C. olitorius grows in temperatures ranging from 28° to 33° C and in humidity conditions
as high as 74%. Some varieties can also adapt in semi-arid land (Freiberg et al., 1998).
However, Jew’s mallow generally grows in environments with annual rainfalls ranging
from 600mm to over 1000mm, according to the Jew’s Mallow Productive Guide
Line, written by the South African Department of Agriculture (2012) and by Olaniyi
(2008). Generally, seed germination did not occur in temperatures lower than 25° C.
However, pre-chilled seeds demonstrated a better vitality (Nkomo and Kambizi 2009).

Seeds showed signs of germination at the temperature of 35° C. This may be made
possible by the fact that C. olitorius grows better when day temperatures average 30°
C or above (Nkomo and Kambizi 2009). Hence, 30 °C was chosen for the study of
seed germination responses in the two C. olitorius varieties. (Mguis et. al., 2014).
Moreover, C. olitorius was a candidate as a cash crop in soil in high salinity soil,
showing salt tolerance, particularly during germination. It was considered a stress
tolerant plant, with a negative linear regression response to salinity (Mguis et. al 2014).
These results indicated that, in saline stress conditions, Jew’s mallow may germinate,
which could be a key feature of these species which enables them to colonize saline
areas like deserts. These properties could be adapted in all Sahel areas where the soil
salinity causes desertification to be a relevant emergency, like the areas near Lake
Chad (Ndehedehe et al., 2016). Moreover, desertification may be accelerated by soil
tillage. C. olitorius had an emergence rate of 87% at depth ranges between 0 to 2 cm,
but it progressively decreased in relation to depth. No emergence was recorded at a
depth of 8 cm (Chauhan and Johnson 2008). These characteristics could be essential
for minimum tillage or sod seeding, as both techniques could prevent soil erosion
and desertification. Taking into consideration jute’s nutrient requirement, in terms of
effects of nitrogen (N) and phosphorus (P): 45 kg for N and 30 kg for Phal respectively.

2.3 NUTRIENT VALUES AND ANTIOXIDANT

C. olitorius is used as a leafy vegetable. Leaves of C. olitorius contained, on average,
85-87 g H20, 5-6 g protein, 0.7 g oil, 5 g carbohydrate, 1-5 g fibre, 250-266 mg Ca, 4-8
mg iron, 3000 iu vitamin A, 0.1 mg thiamine, 0.3 mg riboflavin, 1.5 mg nicotinamide
and 53-100 mg ascorbic acid (per 100g Dw) (Oke, 1964, 1968). Vitamin C ranged
from 30 to 89 mg x 100g Dw. Zn ranged 21 pg g' Dw. to 51 ug g' DW (Ndlovu and
Afolayan, 2008) 57 or 47 pug g' DW or 0.46 pg g' FW (Giro and Ferrante 2016).

C. olitorius was considered a healthy plant because it has a high value of phenolic
compounds (Giro and Ferrante 2016). The chemicals inside C. olitorius leaves
demonstrated inflammatory and antitoxic effects: Dewanjee et al., 2013 evaluated
antitoxic effects of the leaves against lead intoxication. Moreover, a positive effect
in controlling dioxin was also discovered by Nishiumi et al., 2006. Akinwumi
et al., in 2016, demonstrated that C. olitorius extract had an active influence in
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reducing potassium dichromate toxicity. Moreover, C. olitorius phenols play a role
in controlling human body temperature, as demonstrated by Zakaria et al., 2005.
A study conducted by Wang et al., 2011 underlined the beneficial properties of C.
olitorius, such as the positive correlation between jute consumption and decreased
obesity. Most of these studies underlined that the consumption of C. olitorius benefits
human organs, particularly kidney and liver tissue, opening the possibility for further
studies related to the activity of C. olitorius extract to treat kidney and liver diseases.
Moreover, C. olitorius proved to have a dramatic effect in decreasing prostaglandins,
which are mediators of inflammation signals in human cells, as a consequence

of the strong scavenging capacity of the leaves’ phenolic extract (Yan et al., 2013).

In literature, the values of phenols range considerably depending on environmental
conditions such as light, temperature and fertilisation. One of the most prevalent
phenols detected was 5-coffeolyquinic acid ranging from 1.2 mg g Fw to 3.8 mg g Fw.
However, thelevels of total phenols ranged from 3 mg g Fwasa Gallic equivalent to 289
mg g Dw, depending on the varieties and methods of analysis. Thus, C. oliforius can
be considered as a good phenolic supplement in the human diet, since it is full of active
compounds,asshownbyMorsy etal.,2015. Although onehasto consider the complexity
of the interaction between diet and health, C. olitorius extract has demonstrated some
protective effects in the gastric apparatus. In fact, the consumption of jute was shown to
have a protective effect against inflammation in the mouse gut (Owoyele et al., 2015).

References Phenolics content of C. olitorius leaves

1 mg /100 g Fw
(Prevalent phenols quercitin)

Azuma et al., 1999

Zeghichi et al., 2003 38 mg /100 g Fw
Flavonoids 26.2 mg/g Dw ;
Das et. al, 2009 Phenolic 39.2 mg /g Dw
Oboh et al., 2012 839 mg /100 g Dw
Acho et al., 2015 244 mg /100g Dw

According to literature, the gastro protective effect of C. olitorius is related to the
reduction of activity of the gut’s hydrogen pump. According to Owoyele et al., 2015,
its active compounds mimic cimetidine drug action. Similar studies were conducted
by Parvin et al., 2015, to evaluate the analgesic activity of jute. Moreover, C. olitorius
methanolic extract interacts with insulin receptors and was shown to decrease sugars
content in blood. Hence, these preliminary results suggested the presence of anti-
diabetic properties which could be useful as a food supplement (Parvin et al., 2015;
Wanget al.,2011; Morsy et al., 2016; Oboh G. et al., 2012; Phuwapraisirisan et al., 2009).
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2.4 PHARMACEUTICAL ACTIVITIES: antibiotics effect, anti-cancer actions
and anti-inflammatory

C. olitorius has different biological activities and it is used in traditional medicines in
Africa and in Asia. This traditional pharmacology, in general, is linked to one or many
phytochemicals. C. olitoriuswas used against various synthons, particularly thoselinked
to the gut apparatus (Islam, 2013). Human health is considered a priority all around
the world and especially in developing countries in which the access to pharmaceutical
drugs, particularly antibiotics, is denied in most cases. Moreover, the increase of super
bacteria in developed countries as a consequence of an excess of the excessive use of
antibiotics opened an interesting opportunity to find new active compounds to control
bacteria. Many studies underlined the antibiotic activity of C. olitorius extract against
several gut diseases, including microbeslike E. coli, Enterobacter spp., and Pseudomonas
spp. Moreover, C. olitorius showed an interesting controlling effect against S. aureus
and B. cerasus and C. diphtheria (Zakaria et al., 2006). Even though the main bacteria
controlled was Gram-negative bacteria like Klebsiella spp., (Nwakaeze et al., 2014),
several Gram-positive bacteria, such as Streptococcus, are controlled (Ilhan, 2007).
Moreover, C. olitorius extract has control over the proliferation of human pathogenic
fungilike B. candidum, albeit most fungi were resistant against all extracts (Ilhan, 2007).

To discover new active antibiotic compounds inside C. olitorius leaves could be an
essential step forward for pharmaceutical research. However, some other interesting
active compounds against cancer cells were characterized inside leaves and seeds.
As was noted previously, anti-inflammatory effects of C. olitorius extract could prove
to be beneficial against cancer cells (Yan et al., 2013). In fact, the relation between
inflammation and chronic disease like gut cancer is well known (Dreher, and Junod,
1996). Moreover, antinociceptive activity was discovered by Zakaria in 2005. All these
aspects demonstrated that C. olitorius extracts reduced cell stress and affected animal
organs, such as those with heavy metal intoxication disease (Das et al., 2010; Dewanjee
et al., 2013; Akinwumi et al., 2016; Ibrahim et al., 2016). The reduction of cancer in
humans through food prevention is a worthy goal for the new millennium. C. olitorius,
as a nutraceutical plant, has already demonstrated a high antioxidant capacity, as
previously mentioned. While oxidants were considered one of the teratogen agents
inside human cells, reducing the oxidants inside the cell increased tissue health,
preventing DNA damages (Dreher, and Junod, 1996). A reduction of NO production in
micebyusing chorcorifattyacids A-B-C-D-Ehasbeen reported (Yoshikawa et al., 1998).
However, C. olitorius has several compounds inside its tissue that have had cytotoxic
activities against human melanoma (Iseri, 2013). Moreover, corchurosid-D also
demonstratedacontrollingeffectinhuman melanomacells (Mallicketal.,2013). Activity
against tumor promoter-induced Epstein-Barr was reported by Furumoto et al., 2002.
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2.5 CONCLUSION.

C. olitorius as a leafy vegetable is widely consumed amongst African and
South-East Asian communities, and it demonstrated interesting nutraceutical
properties. C. olitorius has high levels of pharmaceutical compounds such as
phenols and antibiotics. C. olitorius cultivation is easy to manage and its genetic
plasticity made it suitable for many environments. C. olitorius’ biological cycle
was around 30-40 days in optimal environmental conditions, thus opening
up an opportunity for the pharmaceutical and cosmetic industries, as well.
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CHAPTER III: Yield and quality of
Corchorus Olitorius (L.) baby leaf
grown in a floating system

3.1 INTRODUCTION

The minimally processed leafy vegetables sector has been growing over the last few
years. Besides common leafy vegetables, new species are identified and evaluated in
order to give wider produce availability to the consumer. The potential new species
must have specific requirements, such as adaptability to the growing conditions
in the commercialization area, a good shelf life, and high content in nutraceutical
proprieties. Jute mallow (Corchorus olitorius) belongs to the Malvaceae family.
The botanic genus of Corchorus includes about 60 species and 30 of them are found
in Africa (Emongor et al., 2004), where it is considered a traditional leafy vegetable.
It is also used in India and in Bangladesh, primarily as a cash crop for making
fibres. It is generally cultivated in all tropical areas as a green vegetable, but it also
occurs in the wild as a spontaneous plant. C. olitorius is rich in carotenoids, calcium,
iron, phenols and flavonoids (Azuma et al., 1999; Zeid, 2002; Khan et al., 2006).
For this reason, it can be a potential vegetable of ready-to-eat meals. Jute mallow
is also used as traditional pharmaceutical drugs in Africa and Asia for treating
different pathologies thanks to its high level of antioxidants (Yan et al., 2013).

According to literature, several glycosides are inside seeds like strophanthidin
glycoside (Ohtani et al., 1995). These glycosides have a positive effect on the human
vascular apparatus and could be used as cardiac drugs for heart failure treatment.
In Japan, the young leaves of C. olitorius were introduced as healthy food not only
for their nutritional characteristics (Resources Council, Science and Technology
Agency, Japan 2000) but also for two different active compounds, phytol and
monogalactosyldiacylgly-cerol, which have been shown to counteract tumor
development induced by Epstein-Barr virus (EBV) (Furumoto et al., 2002; Nishiumi
et al., 2006). There is no published information on jute mallow performance as a
cultivated vegetable in hydroponic systems or as a ready-to-eat vegetable production.
Therefore, the study of the behavior of the C. olitorius in a floating system will
provide useful information regarding cultivation protocols for growers and as
a vegetable for the ready-to-eat industry. The aim of this work was to evaluate the
yield and quality of this potential new leafy vegetable by varying the nutrient
solution concentration commonly used for leafy salad grown in floating systems.
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3.2 MATERIALS AND METHODS

3.2.1 Plant material and growing system

An Egyptian accession of Jute (C. olitorius) was grown in 8 hydroponic floating
system modules. Seeds were directly sown on plateaus containing perlite.
Three growing cycles were performed and leafy vegetables were harvested at the
commercial stage: the first during spring from March 2014 to April 2014, the second
from May 2014 to June 2014 and the third cycle from October 2014 to November
2014. After germination, the plateaus were placed on 12 L tanks for each treatment.
Two different nutrient solutions were compared: a standard solution (NS100%)
containing mineral elements expressed in mM (N—NO3 12;N-NH, 3.8, P 2.8, K 3.8,
Ca3.5,Mg1.4,Fe0.04) and micronutrients expressed in pM (4.2 B,2.1 Cu, 12 Mn, 1.4
Mo, 3.8Zn). Thesecond nutrientsolution washalved (NS50%) torespect the standard.

3.2.2 Nitrate determinations

About 1 g of fresh leaves was ground in 5 mL of distilled water. The extracts were
centrifuged at 5000 rpm x 5 minutes. After the centrifugation, the supernatant
was collected for the colorimetric determinations. Four biological samples
for both treatments were analysed in each biochemical assay. Nitrate content
was determined in leaves using the salicylic acid method (Cataldo et al., 1975).
Twenty pL of samples were collected and 80 pL (5% weight/volume) of salicylic
acid in concentrated sulfuric acid were added. After the reaction, 3 mL of
NaOH 1.5 N were added. Samples were cooled to 25 °C and reactions were read at
410 nm. Nitrate concentrations were calculated using a calibration standard curve.

3.2.3 Chlorophyll and carotenoids determination

Chlorophyll and carotenoids were extracted from fresh tissue using methanol
99.9% as solvent. Samples were kept in a dark room at 4 °C for 24 hours.
Quantitative chlorophyll determinations were carried out immediately after
extraction. Absorbance readings were measured at 665.2 and 652.4 nm for
chlorophyll pigments and 470 nm for total carotenoids. Chlorophyll and carotenoid
concentrations were calculated by Lichtenthaler’s formula (Lichtenthaler, 1987).

3.2.4 Sugars determinations: sucrose, reducing and total sugars

For the determination of sucrose, about 1 g of leaves was extracted by
homogenization in a mortar with 5 mL of distilled water. The samples were
centrifuged at 10 000 g for 5 min. The sucrose assay was performed by mixing 0.2
mL of crude extract with 0.2 mL of 2 M NaOH and incubated in a water bath at
100 °C for 10 min, then 1.5 mL hot resorcinol bufter (containing 30% hydrochloric
acid, 1.2 mM resorcinol, 4.1 mM thiourea 1.5 M acetic acid) was added to samples
and incubated in a water bath at 80 °C for another 10 min. After cooling at room
temperature, the optical density was determined spectrophotometrically at 500
nm, using a sucrose standard curve (0, 0.5, 1, 1.5 and 2mM) (Rorem et al., 1960).
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The reducing sugar analysis was performed using 0.2 mL of crude extract that
was added to 0.2 ml of a solution containing 62.6 mM dinitrosalicylic acid (DNS)
and 1.52 M potassium sodium tartrate. The reaction mixture was heated at 100 °C
for 5 min, then 1.5 ml of distilled water was added and absorbance readings were
taken at 530 nm. The reducing sugars were expressed as glucose equivalent using
a glucose standard curve (0, 1, 2, 3 and 4 mM) (Miller, 1959). The total sugars
leaves were determined spectrophotometrically following the anthrone method
(Yemm and Willis 1954) with slight modifications. The anthrone reagent (10.3
mM) was prepared dissolving anthrone in ice-cold 95% H SO,. The reagent was
left to stand for 30-40 min before use, 0.5 ml leaf extract was placed on top of 2.5
ml of anthrone reagent incubated in ice for 5 min and then vigorously vortexed.
The reactions were heated to 95 °C for 10 min and left to cool in ice. Readings were
performed at 620 nm. Calibration curve was carried out using a glucose solution.

3.2.5 Mineral content determination

About 400 mg DW were mineralized at 120 °C in 5 mL 14.4 M HNO,, clarified
with 1.5 mL 33% H,O, and finally dried at 80 °C. The mineralized material was
solubilized in 5 mL 1 M HNO, and filtered on a 0.45 um nylon membrane.
Mineral content was measured by inductively-coupled plasma techniques (ICP-
MS; Varian 820-MS, ICP Mass Spectrometer). Three biological replicates were
used for the determination of the following elements: sodium (Na), magnesium
(Mg), potassium (K), calcium (Ca), phosphorus (P), manganese (Mn), iron (Fe),
nickel (Ni), copper (Cu), zinc (Zn), molybdenum (Mo) (Nocito et al., 2011).

3.2.6 Phenolic compounds and anthocyanins determination

Phenols were spectrophotometrically determined in fresh samples following two
different approaches: the direct measure of the methanolic extract absorbance at 320
nm (phenolicindex)andthe Folin-Ciocalteumethod (Keand Saltveit, 1989; Singleton
120 1 g' FW, while the Folin-
Ciocalteu method expresses total phenols as ug g' FW Gallic acid equivalent (GAE).

et al., 1999). Phenolic index was expressed as ABS

For anthocyanins determination, samples of frozen tissue (30-50 mg)
were ground in pre-chilled mortar and extracted into methanolic
HCl (1%). Samples were then incubated overnight at 4 °C in the dark.
The concentration of cyanidin-3-glucoside equivalents was determined spectro-
photometrically at 535 nm (Klein and Hagen, 1961).

3.2.7 Statistical Analysis

The data reported are means + standard errors (SEM). Data were subjected to
two-way ANOVA analysis and differences between treatments were determined
using Bonferroni’s post-test (P<0.05). Significant differences are highlighted using
different letters.
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3.3 RESULTS

3.3.1 Yield and nitrate content

The C. olitorius plants showed a good performance in both nutrient solutions.
The yield was similar between treatments, considering the shoots’ biomass was
harvested when plants reached 12-15 cm in height with 4-5 fully expanded leaves.
This corresponds to the typical development stage of produce commercially
harvested for the baby leaf fresh-cut industry. The yield during springtime was 1.9
kg FW m? and 1.7 kg FW m™ in the NS100% and NS50% treatment, respectively.
During summer (May-June), the yield was similar to that obtained during spring.
The NS50% provided 2.4 kg FW m™ of produce but no differences were found
between treatments. In autumn, the yield decreased in both treatments and it was
0.819 kg FW m™ in the NS100% and 0.794 Kg m™ in the NS50% (Figure 1 (A)).
The percentage of dry matter (DM) was measured during spring period and results
showed a similar trend between the two nutrient solutions. In the NS100% treatment
the DM was of 11.3% and 10.4% in the NS50%. Leaf nitrate content was measured at
harvestand no difference was found between NS100% and NS50% treatments during
summer and autumn cycles (Figure 1 (B)). On the contrary, significant differences
were observed in the spring cycle. Plants harvested from nutrient solution with higher
nutrients showed higher accumulation of nitrate. Leaf nitrate content was 5235 mg
Kg' FW in the NS100% treatment and 2612 mg Kg' FW in the NS50% treatment
(Figure 1 (B)). In summer, leaves harvested from plants grown in the NS100% nitrate
content was 3881 mg Kg' FW and 3098 mg Kg' FW in the NS50% treatment.
In autumn, the leaf nitrate content was higher in both treatments, in the NS100%
leaves showed 5959 mg kg’ FW and 5191 mg kg' FW in the NS50% treatment.
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3.3.2 Sugars concentrations

Sugars were not significant between treatments in the different growing seasons,
except for total sugars in the spring cycle (Figure 2 (C)) and sucrose in summer
(Figure 2 (B)). The levels of reducing sugars ranged from 4.39 mg g-1 FW to
5.89 mg g-1 FW in the NS100% and from 4.12 mg g-1 FW to 4.67 mg g-1 FW
in the NS50% (Figure 2 (A)). However, NS 100% showed an increased trend
during summer for sucrose and reducing sugar contents. Sucrose content ranged
from 0.65 mg g-1 FW to 1.04 mg g-1 FW for NS100% and from 0.62 mg g-1
FW to 0.78 mg g-1 FW in the NS50%. In spring the total sugar content in leaves
harvested from the NS100% treatment was 9.91 mg g -1 FW and 16.73 mg g-1
FW in the NS50%. In summer, the total sugars content between treatments ranged
from 8.48 and 8.59 mg g-1 FW and in autumn from 11.11 to 13.43 mg g-1 FW.
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Figure 2. Reducing sugars (A), sucrose (B) and total sugars (C) deter-
mined in leaves of C. olitorius grown in floating systems with a full
nutrient solution (NS100%) and reduced (NS50%) in three different
seasons: spring, summer and autumn. Values are means with standard
errors (n=4). Data were subjected to two-way ANOVA analysis and
differences among means were determined using Bonferroni’s Post-test.
Different letters indicate significant statistical difference for P<0.05.

10

Total sugars (mg g! FW) Sucrose (mg g™ FW) Reducing sugars (mg g*! FW)
i

3.3.3 Mineral contents

The mineral content was statistically different between the leaves between plants
cultivated in NS100% or NS50% treatments. The mineral concentrations were
significantly higher in NS50% than NS100%. Leaf magnesium (Mg) concentration
was 3.494 g kg'' DW in the NS100% treatment and 4.505 g kg’ DW in the NS50%.
The potassium (K) content was 51.400 g kg’ DW and 56.703 g kg'! DW, respectively
for NS100% and NS50%. Calcium (Ca) content in leaves of plants grown in the
NS100% was 22.743 g kg' DW and 26.337 g kg' DW in the NS50% (Table 1).
Iron(Fe)contentwas139.4mgkg'DWand148.3mgkg ' DWintheNS100%andNS50%,
respectively. When the C. olitorius plants grown in a floating system are compared
with traditional methods, differences among macro-elements can be observed
(Suppl. Table 1). The Mg and Ca contents are 8-100 fold higher in floating systems.

ctober-November
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Table 1. Mineral and trace elements content in C. olitorius leaves determined at harvest in plants grown
in a floating system with a full nutrient solution (NS100%) and reduced (NS50%) in Spring 2014. Data
are means with standard errors (n=3). Asterisks indicate significant differences between means obtained
for plants grown on the two nutrient solution ( P<0,001 = ***, P < 0.0001 = ****)

Mineral content

Na Mg K Ca P

gkg! gkg! gkg! gkg! gkg!
NS 100% 0.42+0.54 3.49+0.00 51.40+0.03 22.7440.01 12.69+0.10
NS 50% 0.64%0.80 4.51+0.06%** 56.70+0.88**** 26.3410.39** 12.96+0.02

Trace elements content

Mn Fe Ni Cu 7/n Mo

mg kg mg Kg! mg kg'! mg kg! mg kg'! mg kg'!
NS100% 125.0+0.1 139.4+1.6 3.9+1.26 21.3+0.481 41.2+1.0 1.520.0
NS50% 510.0%£2.2 148.3+2.4 6.5+0.307 24.9+4.6327 458+ 1.0 0.940.0

3.3.4 Chlorophyll and carotenoids

There were no significant differences between NS100% and NS50% in all cycles
for chlorophyll value (Table 2). In the NS50% total chlorophyll (Chla+Chlb)
ranged during all seasons (spring, summer and autumn) from 2.84, to 1.58
mg g' FW. In the NS100% the chlorophyll values were 3.12, 2.53 to 2.28 mg
g' FW in spring, summer and autumn, respectively. Carotenoids during the
different growing seasons ranged from 0.18 mg g' FW to 0.75 mg g' FW
in the NS50% and from 0.27 mg g' FW to 0.69 mg g' FW in the NS100%.

Table 2. Chlorophyll (a and b) content and total carotenoids determined in leaves of C. olitorius grown in
a floating system with a full nutrient solution (NS100%) and reduced (NS50%) in three different seasons:
spring, summer and autumn. Values are means with standard errors (n=4).

2014 April-May May-June October-November
Chla Chlb Carote- Chla Chlb Carote- Chla Chlb Carote-
(mg/g) | (mg/g) noids (mg/g) | (mg/g) noids (mg/g) (mg/g) noids
(mg/g) (mg/g) (mg/g)
II\I)SO% 2.4+0.12 | 0.79£0.02 | 0.65+0.06 | 1.9+0.02 | 0.66£0.03 | 0.69+£0.07 | 1.5£0.20 | 0.64+0.07 | 0.27+0.04
IS\I)S% 2.0+0.06 | 0.5+0.01 | 0.6+0.03 |2.1+0.10 | 0.6+0.01 | 0.75+0.01 | 1.1+0.12 | 0.4+0.09 0.18+0.04

3.3.5 Anthocyanin and phenolic compounds content

The anthocyanins content in C. olitorius leaves was different in plants grown
in the two nutrient solutions in trials of spring and summer. In plants grown
in the NS100%, the anthocyanins ranged from 46.66 mg 100 g' FW in spring
to 18.38 mg 100 g' FW in autumn, while those grown in the NS50% ranged
from 63.95 mg 100 g' FW to 15.12 mg 100 g' (Figure 3 (A). Total phenols
were evaluated using two determination methods (Figure 3 (B),(C)). Both
methods reported the same trend, but the phenolic index showed significant
differences between NS100% and NS50% in the summer cultivation.
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The phenolic index ranged from 26.3 to 9.0 ABS320nm g' FW, and lower values
were found in leaves harvested from plants grown in NS100% (Figure 3 (B)). The
total phenols expressed as GAE (Gallic Acid Equivalent) were not able to highlight
differencesbetween nutrientsolutionsbutchanged with seasons. Thelevels of phenols
ranged from 2754.39 pug g' FW to 2233.88 ug g' FW during spring (Figure 3 (C)).
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Figure 3. Anthocyanins expressed as cynidin-3-glucoside (A), Phenolic
index (B) and total phenols expressed as Gallic acid equivalent (C).
All parameters are referred to fresh weight and were determined in
leaves of C. olitorius grown in a floating system with a full nutrient
solution (NS100%) and reduced (NS50%) in three different seasons:
spring, summer and autumn. Values are means with standard errors
(n=4). Data were subjected to two-way ANOVA analysis and diffe-
rences among means were determined using Bonferroni’s Post-test.
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3.4 DISCUSSION

The yield of jute mallow is an important parameter for understanding the behavior
and productivity of these tropical plants in European countries using floating
systems as a cultivation strategy. Other leafy vegetables commonly used for fresh
cut industry have similar yields from floating systems. Spinach grown in different
nutrient solutions provided yield ranging from 1.0-1.5 kg m?, lettuce ranged from
1,5 -2.0 Kg m, and lamb lettuce’s ranged from 1.7-3.5 Kg m™* (Fallovo et al., 2009).
The plant’s biomass is strongly influenced by nitrate availability (Chen et al., 2004),
but high levels of nitrates inside vegetables can have negative effects on human
health. Therefore, nitrates must be low and represent an important quality parameter
for leafy vegetables. Epidemiological studies have demonstrated that high levels of
nitrates in diet were correlated with gastrointestinal cancer (Bruning-Fann and
Kaneene, 1993). Therefore, the nitrate content in leafy vegetables must respect the
limits imposed by EU regulation n. 1258/2011. The significant differences between
nutrient solutions observed during the first cycle can be explained considering
the higher light availability and optimal growing temperature (Suppl. Figure 1)
conditions (Fritz et al., 2006). Sugars and nitrates are both involved in the osmotic
regulation activity, and nitrate reductase activity is light dependent and influenced
by season (Solomonson and Barber, 1990; Santamaria, 2006; Fallovo et al., 2009).

Pl
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Macro elements were higher in the floating system, particularly for P, Mg and Ca.
Zinc (Zn) and Iron (Fe), for each of which concentrations were in accordance
with values available in literature (Ndlovu and Afolayan, 2008). C. olitorius leaves
have lower content of Ca, Fe and Zn than other common leafy vegetables such as
spinach. However, they also have less phytate content. Therefore, leaf minerals
might be better bioavailable (Ndlovu and Afolayan, 2008). Several studies carried
out on C. olitorius mineral content demonstrated that this species can be a source
of these elements in the human diet, in particular for females and children (Orech
et al., 2007; Uusiku et al., 2010; Kamga, et al., 2013; van Jaarsveld et al., 2014).

Form a global point of view, trace elements deficiency is recognized as having a negative
impact on human health, especially among populations in developing countries. These
preliminary findings demonstrated that C. olitorius could potentially enhance the
mineral contribution in the diets of poor populations. (Achigan-Dako et al., 2011).

At the level of plant physiology, the higher macro-elements obtained in plants grown
in the NS50% treatment could be a response to a moderate nutrient deficiency stress
(Chapin 1980), while the lower macro element concentrations inside NS100% could
be also link to the higher nitrogen availability (Musa et al., 2010). Leafy vegetables
after the harvest undergo a sugar content reduction due to respiration and senescence.
Leaf sugars content is another parameter that changed during the growing seasons.
These concentrations of sugars found in C. olitorius leaves are similar to those
of traditional European leafy vegetables such as lettuce or rocket (Ali et al., 2002).

Chlorophyll is an important quality parameter since they contribute to leaf colour and
have a direct effect on the consumer. The green colour of vegetables is influenced by
light and nitrogen levels (Wu and Kubota , 2008). The levels of chlorophyll in the C.
olitorius were higher than other leafy vegetables (Bouayed et al., 2011). Carotenoids
in C. olitorius were higher with the maximum level of 75 mg 100 g"' during the
summer season in NS50% conditions, hence higher than the different Brassica
varieties (Kaulamnn et al., 2014). Carotenoids have an important role on human
nutrition because they work as oxidant-preventing compounds (Maiani, et al., 2009).

The anthocyanins content found in C. olitorius are similar to other coloured leafy
vegetables such as Radicchio and Red Cabbage (Kaulamnn et al., 2014). The increase
of anthocyanins during spring and summer can be associated with higher solar
radiation intensity (Marin et al., 2015). A strong relationship between UV light and
anthocyanin biosynthesis has also been reported in several studies (Li and Kubota,
2009; Tsormpatsidis et al, 2007). Total phenols including anthocyanins have
antioxidant activity and, with carotenoids, contribute to the antioxidant capacity of
C. olitorius (Wang et al., 2011; Obho et al., 2012; Yan et al., 2013). If compared with
other leafy vegetables, C. olitorius had similar phenols content (Fallovo et al., 2009;
Marin et al., 2015). Total phenols are not only interesting for the human nutritional
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point of view as active compounds against ROS (Shukla et al., 2009; Rose et al., 2005),
but also for the postharvest performance of the produce itself (Bergquist et al., 2005;
Larsson et al., 1986). A positive correlation between light intensity and phenolic levels
has been reported (Neill et al., 2003). Phenols biosynthesis depends from PAL activity
that could also be induced by lower nitrogen content in the NS50% (Kovacik and
Backor, 2007). As shown in Figure 3 during summer cultivation, the range of phenols
decreased in comparison to spring. Similar trends were reported by Ribeiro (2001).

3.5 CONCLUSION

C. olitorius showed good performances in floating system cultivation and can
be a potential new leafy vegetable. Yield and nitrates indicate that this species can
be grown with a reduced nutrient solution without compromising the biomass
accumulation and the quality of the produce. The high sugar content can have a
positive effect on the shelf life and on the human diet. The C. olitorius may represent,
in the near future, a worldwide produce innovation in the fresh cut industry.
During spring, a relation between the reduction of nitrate and a higher
percentage of nitrogen inside NS50% leaf suggested a higher efficiency in nitrogen
assimilation. This hypothesis could be justified by anthocyanin accumulation
in NS50% during spring and summer as the result of an increased amount
of phenylalanine. Study will have to be conducted on this previous result.

Additional information

Carbon and Nitrogen % of C. olitorius leaf cultivated in NS 50% and in 100% during
spring.
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Figure Suppl. 1. Total % of nitrogen (N) and organic carbon (C) was %
performed by using an elemental analyser (ThermoQuest NA 1500 £ 20+
N; Thermo Electron, Milan, Italy). Analyses were carried out with g 10 *
wholeleaf (n =3 per plot). Data were subjected to t-test. Statistical si- o
gnificancedetermined usingthe Hold Sidak method, with«=5.000%. 0
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CHAPTERIV:

Seasonal storage behavior of several
quality parameters of C. olitorius (L.)
Cultivated as baby leafy in different
nutrient supply solutions

4.1 INTRODUCTION

C. olitorius is considered a traditional leaty vegetable by FAO. The increase of public
interest in nutritional and healthy food has been rapidly increasing worldwide (Cawley
et al., 2015). Therefore, the identification of new potential high quality leafy vegetables
hasbeen promoted by fresh cutindustries for commercialization as ready-to-eatfood. C
olitorius,commonly known asjute or Jew’s mallow, is grown as aleafy vegetable in Africa
and Asia. Itis cultivated for its potential benefits for human health due to its high levels of
nutritional components such as phenols and carotenoids (Yan, et al., 2013). It is also an
importantsource ofamino acids, such as methionine (Freiberger et al., 1998). Moreover,
the jute leaves are excellent sources of vitamin C, minerals and sugars (Ogunlesi, et.
al, 2010). New technologies are applied to minimally process leafy vegetables, because
of the physiological characteristics of plant tissues. These characteristics are specific
for every vegetable, requiring specific technologies for storage (Medina et al., 2012).

Preventing degradation of nutrient contents is always a priority for the food industry
and for consumers (Tulio et al., 2002). However, consumers mostly evaluate the
freshness and taste of vegetables more than their nutritional content. Greenness,
for example, is one of the first visual parameters evaluated during the purchasing
of leafy vegetables. This visual appearance is considered the most important quality
index for commercialization in supermarkets (Roura et al., 2000). Moreover, health-
oriented consumers prefer to buy ready-to-eat (RTE) vegetables as a source of
phytochemicals and antioxidant compounds, which can prevent certain diseases
(Cocetta et al., 2014). The floating system technique allows for the control of nutrient
supply and plant uptake, leaving mineral contents inside leaves which positively
influence quality, optimizing cultivation inputs and reducing waste. Moreover,
during storage, nutrients and active compounds might be affected by both agronomic
aspects (Scuderi et al., 2011), as noted by Favollo et al., 2009. In fact, nutrient
solutions influenced several quality components such as minerals, nitrates and
chlorophyll. The aim of this work was to evaluate the performance of C. olitorius as
baby leaf produce for the fresh cut industry. Interactions between growing nutrient
solutions and the quality retained during storage were studied and characterized.



4.2. MATERIALS AND METHODS

4.2.1 Plant material and growing system

An Egyptian accession of Jute (C. olitorius) was grown in 8 hydroponic floating
system modules. Seeds were directly sown on plateaus containing perlite.
Three cultivations cycles were performed: two during spring and summer
(one from March 2014 to April 2014 and another from May 2014 to June
2014) and one during autumn (from October 2014 to November 2014) in
the greenhouse of the University of Milan. Solar radiation and temperature
were recorded throughout the entirety growing cycles (suppl. Figures 1-2).

In order to create a small floating system module, the plateaus (20x15cm)
were placed on 12 L tanks (25x15x35cm) after germination. Four modules of
each type of nutrient solution were compared: a standard solution (NS100 %)
containing mineral elements were expressed in mM (N-NO3 12; N-NH4 3.8, P
2.8, K 3.8, Ca 3.5, Mg 1.4) and micronutrients expressed in uM (4.2 B, 2.1 Cu,
12 Mn, 1.4 Mo, 3.8 Zn). The second one halved (NS50 %). The quality of jute
leaves stored was evaluated during 10 d from harvest (0, 1, 3, 7, and 10 d) stored
in a cool chamber at 4 °C. Forty g of C. olitorius leaves were enclosed in plastic
boxes and sampling was performed in quadruplicates during their shelf-life.
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4.2.2 Nitrate determinations

About 1 g of fresh leaves was ground in 5 mL of distilled water. The
extracts were centrifuged at 10,000 g for 5 minutes. After centrifugation,
supernatant was collected for the colorimetric determinations. Four
biological replications were analysed for each biochemical assay.
Nitrate content was determined in leaves using a salicylic acid method (Cataldo
et al.,, 1975). 20 uL of samples were collected and 80 uL (5 % weight/volume)
of salicylic acid in concentrated sulfuric acid were added. After the reaction,
3 mL of NaOH 1.5 N were added. Samples were cooled at 25 °C and they were
read 410 nm using Evaluation 300 BB Thermo and quartz UV light cuvette.
Nitrate concentrations were calculated using a calibration standard curve.

4.2.3 Chlorophyll and carotenoids determination

Chlorophyll was measured by using spectrophotometer methods. Three leaf
disks (5 mm diameter) of fresh leaves were sampled using 5 mL of methanol
(99.9 %). Samples were stored in a dark room at 4 °C for 24 h. After 24 h, the
samples were read at 470, 652 and 665 nm. The chlorophyll and carotenoid
concentrations were determined using Lichtenthaler’s formulas (1987).

4.2.4 Sugars determinations: sucrose, reducing and total sugars

For the determination of sucrose, about 1 g of fresh leaves was extracted by
homogenization in a mortar with 5 mL of distilled water. The samples were
centrifuged at 10,000 g for 5 min. The sucrose assay was performed by mixing 0.2
mL of crude extract with 0.2 mL of 2 M NaOH and incubated in a water bath at
100 °C for 10 min, then 1.5 mL hot resorcinol bufter (containing 30% hydrochloric
acid, 1.2 mM resorcinol, 4.1 mM thiourea 1.5 M acetic acid) was added to samples
and incubated in a water bath at 80 °C for another 10 min. After cooling at room
temperature, the optical density was determined spectrophotometrically at 500
nm, using a sucrose standard curve (0, 0.5, 1, 1.5 and 2mM) (Rorem et al., 1960).
The reducing sugar analysis was performed using 0.2 mL of crude extract that
was added to 0.2 mL of a solution containing 62.6 mM dinitrosalicylic acid
(DNS) and 1.52 M potassium sodium tartrate. The reaction mixture was heated
at 100 °C for 5 min, then 1.5 mL of distilled water was added and absorbance
readings were taken at 530 nm. The reducing sugars were expressed as glucose
equivalent using a glucose standard curve (0, 1, 2, 3 and 4 mM) (Miller, 1959).

The total sugars were determined spectrophotometrically following the anthrone
method (Yemm and Willis 1954) with slight modifications. The anthrone reagent
(10.3 mM) was prepared dissolving anthrone in ice-cold 95% H,SO,. The reagent
was left to stand for 30-40 min before use, 0.5 mL leaf extract was placed on top of
2.5 mL of anthrone reagent incubated in ice for 5 min and then vortexed vigorously.
The reactions were heated to 95°C for 10 min and left to cool in ice. Readings were
performed at 620 nm. The calibration curve was carried out using a glucose solution.
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4.2.5 Phenolic compounds and anthocyanins determination

Phenols were spectrophotometrically determined in fresh samples following two
different approaches: the direct measure of the methanolic extract absorbance at
320 nm (phenolic index) and the Folin-Ciocalteu method (Keng and Saltveit, 2003).
Phenolicindexwasexpressedas ABS, ¢, whiletotal phenolswere measured using
the Folin-Ciocalteu method and expressed as g kg™ gallic acid equivalent (GAE).
For anthocyanins determination, samples of frozen tissue (30-50 mg) were
ground in pre-chilled mortar and extracted into methanolic HCl (1 %).
Samples were then incubated overnight at 4 °C in the dark. Samples were
determined spectrophotometrically at 535 nm using Evaluation 300 BB Thermo
and quartz UV light cuvette. The concentration was expressed in cyanidin-
3-glucoside equivalents using direct absorption (Klein and Hagen 1961).

Statistical Analyses

The data reported were means =+ standard errors (SEM). The data
were subjected to two-way ANOVA analysis and differences between
treatments were determined using Bonferronis post-test (P<0.05).

4.3. RESULTS

4.3.1 Nitrate and total sugars content

Among quality parameters, nitrates and sugars are particularly important because
they can have positive and negative effects on human health. In our study, nitrates
were significantly different from plants grown in the different nutrient solutions in
spring (Fig 1 A), while no differences were observed in the summer and autumn
cycles (Fig. 1C). At harvest, nitrate concentration in leaves of plants grown in
spring was on average 18.89 % less in NS50 % (4.2 g kg FW) compared to NS100%
(5.2 g kg FW). During storage, nitrate concentration did not change in the leaves
harvested in spring (Fig. 1A), while it declined after 4-10 days in the experiments
performed with leaves harvested in summer (Fig. 1B). In autumn, nitrate reduction
was found after 10 days only in the leaves of plants grown with NS50% (Fig.
1C). During storage, nitrate content results were statistically different between
samples harvested from the two nutrient solutions over the course of 7 days.

Total sugars in jute leaves grown with NS100% in spring produced statistically
different results from NS50% at harvest and during the first day of storage,
with values that ranged from 12 to 9 g kg-1 FW, in NS100% and NS50%,
respectively (Fig. 1D). In summer and autumn, the harvested leaves did not
show significant differences between the two nutrient solutions. Total sugars
measured at harvest among seasons and between nutrient solutions ranged
from 16 to 8.59 g kg-1 FW (Fig. 1 D,E,F). In all storage experiments, the total
sugars declined, starting from the first or fourth day of storage (Fig. 1 D, E, F).
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Figure 1. Storage behavior at 4 °C of leaf nitra-
te (A,B,C) and Total sugars (D,E,F). contents
of Corchorus olitorius plants grown during
spring (A,D), summer (B,E) and autumn (C,F)
on either full (circles) or half strength (squares)
nutrient solutions and stored at 4 °C for up to
10 d. Given are means + standard error (n=4).
Asterisks indicate significant differences betwe-
en means obtained for plants grown on the
two nutrients ( P<0.05 =%, P< 0,01 = *; P <
0,001 = ***). Different letters indicate statisti-
cal differences among different days of storage.
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4.3.2 Sucrose and reducing sugar content
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At harvest, the sucrose content was statistically different only in the summer
and spring cycles, with 1.2 g kg in leaves harvested from NS100% +44.3 % and
0.72 g kg' in leaves harvested from NS50 %. During storage, sucrose content
declined after 4 days in leaves harvested from NS100% (Fig. 2B) and in leaves
harvested in autumn from NS50% treatment stored for 10 days (Fig. 2C).
There was no significant difference regarding the reducing sugars between
the nutrient solutions at harvest and during storage in all seasons. However,
during postharvest, the reducing sugars decreased in storage experiments.
Inleaves obtained from the spring cultivation, there was a 10% reduction of reducing
sugars, passing from 4.0 g kg’ at harvest to 3.6 g kg after 10 days of storage.
In summer, the highest reduction was observed in NS100% with 89.2 % (Fig. 2E).
Inautumn, however, the highest reduction of 62 % was found in leaves harvested from

N50 % with values of 3.2 gkg' at harvestand 1.2 g kg™ at the end of storage (Fig. 2F).

Figure 2. Storage behavior at 4 °C of leaf sucrose
(A,B,C) and reducing sugars (D,E,F). Conten-
ts of Corchorus olitorius plants grown during
spring (A,D), summer (B,E) and autumn (C,F)
on either full (circles) or half strength (squares)
nutrient solutions and stored at 4 °C for up to
10 d. Given are means + standard error (n=4).
Asterisks indicate significant differences betwe-
en means obtained for plants grown on the
two nutrients (P<0.05 =% P < 0,01 = *; P<
0,001 = ***). Different letters indicate statisti-
cal differences among different days of storage.
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4.3.3 Carotenoids and total chlorophyll content

Chlorophyll content was highly stable inside C. olitorius leaves during shelf life.
No differences were found from harvest until the end of the storage period (Table
1). Between NS100% and NS50% treatments, the differences in chlorophyll
content was observed after 4 and 10 days of storage in samples harvested in spring.

Chlorophyllcontentatharvestrangedfrom3.2gkg'forNS100%t02.9gkg ' forNS50%.
During summer, chlorophyll content ranged from 2.7 g kg' for NS 100 % to
2.8 g kg! for NS 50 %. During autumn, the chlorophyll content inside the
leat during storage decreased after seven days of storage by 51 % for NS100 %,
while in NS50% the chlorophyll loss was of 17.7 % after seven days, but the
difference was not statistically different. Total carotenoids were different between
nutrient solutions only in the autumn growing cycle, with concentrations of
0.27 g kg' in NS100% and 0.18 g kg in NS50% (Tab. 2). During storage, no
significant changes were observed in the experiments carried out in spring
and summer. The only statistical differences in the storage experiments were
found after 10 days in the leaves harvested from both nutrient solutions.

Table 1. Chlorophyll (a+b) content (g kg-1) storage behavior at 4 °C determined in leaves of

C. olitorius grown in a floating system with a full nutrient solution (NS100 %) and reduced (NS50 %) in
three different seasons: spring, summer and autumn. Values were means with standard errors (n=4). Aste-
risks indicate differences among different NS treatments. Different letters indicate statistical differences
among different days of storage.

spring harvest 1d 4d 7d 10d
NS 100% 3.1+0.16 3.2+0.16 3.2+0.16 2.6+0.10 2.8+0.06
NS50% 2.9+0.30a 2.5+0.14a 2.6+0.28a 2.4+0.05a 1.8+0.07b
Dift. treat- ns ns N ns o
ments
summer
NS 100% 2.740.27 2.2+0.39 2.5+0.12 2.2+0.04 2.2+0.06
NS50% 2.8+0.05 2.6+0.13 2.3+0.12 2.1+0.05 2.3+0.02
Diff. treat-

ns ns ns ns ns
ments
autumn
NS 100% 2.2+0.27a 2.2+0.41a 2.0+0.27a 1.0+£0.1b 0.8+0.34b
NS50% 1.5+0.21 1.5+0.28 1.2+0.14 1.3+0.02 1.0+0.06
Diff. treat-

ns ns ns ns ns
ments
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Table 2. Carotenoids content (g kg-1) storage behavior at 4 °C determined in leaves of C. olitorius grown in
a floating system with a full nutrient solution (NS100 %) and reduced (NS50 %) in three different seasons:
spring, summer and autumn. Values were means with standard errors (n=4). Asterisks indicate differences
among different NS treatments. Different letters indicate statistical differences among different days of
storage.

spring harvest 1d 4d 7d 10d
NS100% 0.60+0.06 0.65+0.03 0.66+0.04 0.64+0.017 0.73+0.23
NS50% 0.65+0.03 0.64+0.02 0.60+0.03 0.58+0.03 0.54+0.02
Diff. treat-

ns ns ns ns ns
ments
summer
NS100% 0.69+0.07 0.67+0.09 0.76%0.03 0.65+0.01 0.65+0.03
NS50% 0.75%+0.01 0.75%+0.02 0.60+0.03 0.60+0.00 0.67+0.01
Diff. treat-

ns ns ns ns ns
ments
autumn
NS100% 0.27+0.04a 0.27+0.05a 0.31+0.04a 0.15+0.03a 0.09+0.05b
NS50% 0.18+0.04A 0.31+0.05A 0.19+0.02A 0.18+0.00A 0.08+0.11B
Diff. treat- "

ns ns ns ns

ments

4.3.4 Phenols content and anthocyanin

Phenolic content was not significantly influenced by nutrient solutions and decreased
during shelf life. Considering, the high percentage of chance of random interaction
between storage time and nutrient solutions, none interaction were observed overall.
Phenols content decrease started from harvest. However, it did not decrease in
a linear way. High losses in phenolic contents arose from day one to day four as
occurred for reducing sugars. Jute grown in the NS100 % treatment in the spring
cycle, lost its phenolic content from 2.2 g kg to 2.1 g kg with a 5.6 % of reduction
and in the NS50 % phenolic content decreased from 1 d to 4 d, from 2.7 g kg to
2.1g kg with 21.8% of loss. However, C. olitorius leaves grown in the NS100%
treatment and harvested in the summer cycle, lost their phenols between day four
and day seven, and passed from 1.0 g kg to 0.7g kg™, with a 27.7 % loss. During
summer, C. olitorius leaves harvested from NS50 % maintained the same trend
observed during spring, in fact the higher losses were found between day one and
day four with a loss percentage of -37.7 %. In this period, leaves harvested from
the NS50 % treatment reduced the phenols from 1.7 g kg to 1.0 g kg™'. C. olitorius
harvested from both NS50 % and NS100 % did not show significant differences
during autumn at harvest as well as during shelf-life (Table 3). Anthocyanin
content showed similar trend during shelf life in all seasons. During spring and
summer, in jute harvested from NS50 % the anthocyanin significantly increased
(Table 4). Inside N50 % leaves cultivated in autumn, anthocyanin decreased
significantly during shelf-life. During spring and summer anthocyanin did
not show a significant reduction from harvest to 10 d; however, their values
during shelf-life suggested a slowly reduction trend starting after one day.
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The critical decrease point occurred between day one and day four, in fact, an
anticipated anthocyanin loss (15.8 %) was observed from 0.6 g kg to 0.5 g kg™
(Table 4). On the contrary, during spring, inside NS100 % jute leaves anthocyanin
decreased rapidly later on: after four days from harvest, from 4 d (0.4 g kg') to 7
d (0.4 g kg') with a similar loss percentage (13.7 %) (Table 4). During summer,
higher anthocyanin reduction was found between 1 d to 4 d with 8.5 % loss in
leaves cultivated in NS50 % while the NS100 % jute leaves did not show significant
anthocyanin loss content during entire shelf life. During autumn, anthocyanin
content in leaves of jute plants grown in the NS100 % and NS50 % decreased with
the same trend during entire shelf life. Jute leaves grown in the NS50 % showed
higher decrease after four after harvest till 7 d with 38 % of content loss. NS100
% decreased later than seven days till the end with a 31 % of anthocyanin loss.

Table 3. Storage behaviour at 4 °C of phenolic phenols expressed as gallic acid equivalent (GAE) g kg-1 in
C. olitorius grown in floating system with full nutrient solution (NS100 %) and reduced (NS50 %). in three
different seasons: spring; summer and autumn. Values were means with standard errors (n=4). Data were
subjected to two-way ANOVA analysis and differences among means were determined using Bonferroni’s
Post-test. Indicated significant statistical.

spring harvest 1d 4d 7d 10d
NS100 2.2+0.34 2.2+0.39 2.1+0.24 2.2+0.97 2.1+0.17
NS50 2.6+£0.19 2.7+0.21 2.1+£0.26 2.3+£0.13 2.0£0.17
Diff. treat-

ns ns ns ns ns
ments
summer
NS100 1.4+0.23 1.2+0.19 1.3+£0.27 1.0£0.4 1.1+£0.16
NS50 1.6+£0.35 1.7+£0.21 1.0+0.22 0.7+£0.7 1.0+£0.15
Diff. treat-

ns ns ns ns ns
ments
autumn
NS100 0.8+£0.40 0.8+£0.03 0.6+£0.07 0.6+£0.050 0.7+0.13
NS50 0.8+£0.10 0.7+0.13 0.6+£0.03 0.6+£0.13 0.7+£0.08
Diff. treat-

ns ns ns ns ns
ments
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Table 4. Anthocyanin contents (g kg-1) expressed as cynidin-3-glucoside in C. olitorius grown in floating
system with full nutrient solution (NS100 %) and reduced (NS50 %). in three different seasons: spring;
summer and autumn. Values were means with standard errors (n=4). Data were subjected to two-way
ANOVA analysis and differences among means were determined using Bonferroni’s Post-test. Indicated
significant statistical differences for: P<0.05 = *, P < 0,01 = **; P < 0,001 = ***, Asterisks indicate differen-
ces among different NS treatments. Different letters indicate statistical differences among different days of
storage.

spring harvest 1d 4d 7d 10d
NS100 0.4+0.26a 0.4+0.26a 0.4+0.59a 0.4+0.19b 0.4+0.52a
NS50 0.6+0.51 0.6+£0.53 0.5+0.53 0.4+0.29 0.4+0.47
Dift. treat- x x ns ns ns
ments
summer
NS100 0.4+0.50 0.4+0.42 0.4+0.49 0.4+0.48 0.4+0.80
NS50 0.6+0.17 0.6+0.15 0.6+£0.33 0.5+0.12 0.5+0.69
Diff. treat- - - s ns s
ments
autumn
NS100 0.1+0.21a 0.1+0.23a 0.1+0.19a 0.1+0.09a 0.9+0.10b
NS50 0.1+0.22A 0.1+0.20A 0.1+1.3A 0.9+0.07B 0.6+£0.07B
Diff. treat-

ns ns ns ns ns
ments




4.4. DISCUSSION

The nutraceutical components of fruits and vegetables are represented by several
bioactive molecules such as anthocyanins, carotenoids and phenols. These compounds
contribute to the antioxidant potential of the produce. The concentrations of these
compounds vary among species and old or ancient varieties usually have higher
concentrations of these bioactive compounds (Dasgupta and De, 2007, Francini et
al., 2016). Besides these health promoting compounds, there are other compounds
as well such as nitrates, which must be lower that regulation limits because they
may be dangerous for human heath since they are correlated with gastrointestinal
cancer induction (Cavaiuolo and Ferrante, 2014). Therefore, nitrate content is an
important quality parameter that has to be controlled in leafy vegetables. It is well
known that nitrate accumulation is inversely correlated with the availability of solar
radiation, which is responsible for the activation of nitrate-reductase, a key enzyme
for nitrate assimilation in plants (Cram, 1976). These findings explain the lower
nitrate concentrations during summer (Supplementary file). Under low light intensity
conditions, nitrates and oxalate ions have an osmotic regulatory function in the cell in
substitution for organic acids and sugars. Therefore, the nitrates are accumulated in the
leaf vacuole to counteract the low sugar contents due to lower photosynthetic activity
(Raven and Smith, 1976 and Blom-Zandstra, 1989). Nitrates during shelf life or storage
are partially reduced, but significant quantities remain stable inside leaves. The stability
of nitrates during postharvest is due to the lack of electron flux from photosynthetic
machinery and due to the low temperatures, which slow down enzyme activity.

Chlorophyll in leafy vegetables strongly depend on nitrate content and light intensity
(Kasim et al., 2012). However, nutrient solutions did not influence chlorophyll
content, indicating that both contain enough nutrients for the adequate biosynthesis
of these compounds. Carotenoids content also followed the chlorophyll trend,
because they shield chlorophyll against photo-oxidation. Carotenoids, in addition
to phenols and anthocyanins, are considered to be important antioxidants for the
human diet (Martin et al, 2013). Carotenoids in C. olitorius leaves were higher
compared with other Mediterranean leafy vegetables like rocket (0.08 g kg') and
Dandelion (0.07 g kg') (Sindhu and Kantharaj, 1995; Giro and Ferrante, 2016).
During storage, carotenoids did not statistically decrease in C. olitorius leaves in
spring and summer, guaranteeing a high concentration for the consumer. Instead,
higher reduction was observed in autumn after seven days of shelf life: -10 % for both
nutrient solutions. However, this aspect does not compromise the quality for the
consumers because the commercialization of leafy vegetables is limited to seven days.

Sugar content in leaves depends on environmental conditions rather than nutrient
solutions (Favollo et al., 2008). After harvest, sugars content inside leaves represent the
substrate for respiration and the maintenance of basal metabolism. Sugars availability
affect the storability and the shelf life of produce (Sanchez-Mata, et al., 2003).

37



In fact, during storage, sugars reduction is influenced by storage temperature, which
affects the respiration rate of the product (Cao et al., 2013; Der Agopian et al., 2011).
The high content of total sugars inside C. olitorius leaves, in particular, represents a
good energetic reserve, which can be used for quality retain during storage. However,
the sucrose content in C. olitorius leaves, if compared with other varieties of baby
leaf, such as lettuce, is retained. In lettuce baby leaf, the sucrose content strongly
declined after 5 days of storage at 5 °C (Spinardi and Ferrante, 2012; Tudela et al.,
2013). Reducing sugars decreased after four days of storage. In fact, unlike sucrose,
reducing sugars were metabolic sugars, firstly used as a substrate for cell respiration.
Moreover, reducing sugars and sucrose content were less influenced by nutrient
solutions and storage conditions. These results can be explained considering that total
sugars during postharvest can be hydrolysed in simple sugars keeping reducing sugars
and sucrose stable. Sugars cover important nutritional functions for human health,
not only as energetic compounds but also like a probiotic for human gut microbiota
(Goh and Klaenhammer, 2015). During spring, significant differences between
nutrient solutions were measured at harvest within one day for total sugars. The
significant differences can be explained considering the higher light availability and
optimal growing temperature conditions during springtime (Fritz et al., 2006). In both
NS100 % and NS50 %, nitrates did not change during shelf life. Significant differences
were found among seasons according to different light intensities (Favollo et al., 2009).
Total phenols and anthocyanins did not show high variability during postharvest.
The main changes can be due to seasons’ effect on the phenolic metabolism
(Samuoliené et al., 2012). The phenols content might also be correlated to nitrogen
availability and to phenylalanine ammonia-lyase activity (Kovacik et al, 2007).
In fact, when theres low nitrogen availability, the plants activate the
phenylalanine ammonia-lyase enzyme to obtain nitrogen, removing the
amine group from the phenylalanine. This is a futile cycle that is transiently
activated by plants to cope with nitrogen deficiency. This can explain the lower
anthocyanins concentration in the leaves of C. olitorius grown in the NS100%.

4.5. CONCLUSION

Our results indicated that reduced NS did not influence postharvest performance of
this crop and can be advised for the reduction of fertilizer input during cultivation.
The storage at 4 °C preserved the most important quality factors such as chlorophyll,
carotenoid and sucrose. It can be concluded that C. olitorius baby leaf maintained high-
qualitycharacteristicsinparticularlyantioxidantcompoundsduringshelflife. Therefore,
this new leafy vegetable can be effectively suggested as a new ready-to-eat vegetable
for the fresh cut industry, providing high nutraceutical components to the consumer.
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CHAPTERV:

C. olitorius cultivated in Italy:
biochemical, physiological
characterization among different

5.1 INTRODUCTION

Jute (C. olitorius n=24) cultivation has a great economic value regarding worldwide
fibre use, but it is also used as a leafy vegetable in Africa and in Asia. Moreover, several
communities, particularly in Asia, use C. olitorius as a nutraceutical plant (Resources
Council, Science and Technology Agency, Japan 2000). There are several studies
which confirm that C. olitorius originates from Africa. In particular, Kandu et al.,
2013, identified West Africa as the centre of origin for C. olitorius. However, archeo-
botanical evidence shows that C. olitorius was domesticated in the Indo-Burma region
(Wright et al., 2011) like C. capsicaris (L.). Despite C. olitorius’s economic benefit to
many countries, including India, Bangladesh and China, limited knowledge of the
plant’s morphologic and physiologic aspects has stopped its genetic improvement
(Kandu et. al., 2013). Moreover, the lack of relationship between geographic origin
and molecular classification can be due to genetic exchanges among species nearby
border limits, thus reducing differences among ecotypes. Moreover, a correlation
between genome size and phonological traits was reported by Benor et al., 2013,
although the same study also confirmed the difficulties with finding a significant
relationship between genome size and geographic origins. This morphological
plasticity allows C. olitorius to adapt to a large amount of environmental conditions
from Africa to Japan. Hence, transpiration and gas exchanges behaviour can be
essential for selecting the best varieties in different geographic areas. These parameters
are linked with physiological conditions belonging to morphology and genetic
traits. It is interesting to see that a positive correlation between genome size and
the microclimatic level was already discovered among Ethiopian accessions (Benor
et al., 2011). Moreover, this correlation is supported by several studies: Bancheva
and Greilhuber 2006, Smarda and Bure$ 2006 and Achigan-Dako et al., 2008. Our
study can represent a step forward in understanding C. olitorius plasticity through
analysing several geographic accessories worldwide. Physiological, morphological
and biochemical parameters were evaluated to establish differences and correlations.

Sugars are one of the main metabolites for life cells. Sugar content is particularly
important for vegetables’ taste and storage (Kader, 2002). High levels of sugars inside
tissue can increase their shelf life and influence flavour during the ripening process. In
leafy vegetables and baby leaves in particular, the photosynthetic pathway is working
during post-harvest treatments. For these reasons, some physiological parameters
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can be used as a stress marker (Ferrante and Maggiore, 2007). Moreover, polyphenols
are secondary metabolites; they are considered nutraceutical compounds for humans
thanks to their antioxidant activity. The accumulation of these important compounds
inside leaves are linked to several biotic and abiotic stresses, which increase ROS
inside their tissue. In particular, photorespiration and photo-inhibition generate
ROS. Hence, different combinations of polyphenols characterize each vegetable
in response to oxidant stress. (Parida, et al., 2002). These healthy compounds are
prevalent inside C. olitorius baby leaves (Giro and Ferrante 2016). Different varieties
have different growing behaviour and different attitudes that influence polyphenols
biosynthesis and accumulation (Favollo et al., 2009) in response to environmental
conditions. C. olitorius has different active compounds inside leaves like carotenoids.
Carotenoids are secondary compounds which are essential for all photosynthetic
tissues because they have photo protection against chlorophyll oxidation. It is well
known that chlorophyll content, carotenoids and photosynthetic efficiency are all
factors that influence plants growth (Tsormapatsidis et al., 2008, Wu and Kubota 2008,
Zeid 2002). For these reasons, this study can indicate variability among accessories
coming from different geographical areas for cultivating C. olitorius in South Europe.

5.2 MATERIALS AND METHODS

5.2.1 Plant material and growing system

Ecotypes were acquired by IPK Gene Bank of Leibniz Institute using their C.
olitorius seed availability. C. olitorius were directly sown in plastic conic box 10L
(0.28x0.28 m) using peat as substrate (class 3), pH 6 , EC 0.3 dS, density 170
kg m™. Four biological replicates of each ecotype were cultivated in a protected
green house during germination (March and April 2017), after which time
the plants, bearing 4-6 leaves, were moved outside for the eco-physiological
measurements. Light intensity and temperature were measured during the
cultivation cycle (suppl. Figures 1 and 2). An automatic irrigation system was
used for water supply in order to guarantee the optimum water content availability
inside the substrate. Mature leaves were collected for the biochemical analysis.
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Statistical Analysis
Data were statistically analysed using One-way ANOVA method and the
differences among means were determined using Bonferroni's Post-test.

Table 1. Ecotypes origin list delivered by IPK (Gene Bank of Leibniz Institute).

Ecotype Region
C1 India
C2 China
C3 Libya
C4 Libya
C5 Libya
Cé6 Libya
C7 Tunisia
C10 Egypt
Cl1 Japan

5.2.2 Chlorophyll and carotenoids determination

Chlorophyll and carotenoids were extracted from fresh tissues using methanol
99.9% as solvent. Samples were kept in a dark room at 4 °C for 24 hours.
Quantitative chlorophyll determinations were carried out immediately after
extraction. Absorbance readings were measured at 665.2 and 652.4 nm for
chlorophyll pigments and 470 nm for total carotenoids. Chlorophyll and carotenoid
concentrations were calculated by Lichtenthaler’s formula (Lichtenthaler, 1987).

5.2.3 Sugars determinations: sucrose, reducing and total sugars

For the determination of sucrose, about 1 g of leaves was extracted by
homogenization in a mortar with 5 mL of distilled water. The samples were
centrifuged at 10 000 g for 5 min. The sucrose assay was performed by mixing 0.2
mL of crude extract with 0.2 mL of 2 M NaOH and incubated in a water bath at
100 °C for 10 min, then 1.5 mL hot resorcinol bufter (containing 30% hydrochloric
acid, 1.2 mM resorcinol, 4.1 mM thiourea 1.5 M acetic acid) was added to samples
and incubated in a water bath at 80 °C for another 10 min. After cooling at room
temperature, the optical density was determined spectrophotometrically at 500
nm, using a sucrose standard curve (0, 0.5, 1, 1.5 and 2mM) (Rorem et al., 1960).
The reducing sugar analysis was performed using 0.2 mL of crude extract that
was added to 0.2 ml of a solution containing 62.6 mM dinitrosalicylic acid (DNYS)
and 1.52 M potassium sodium tartrate. The reaction mixture was heated at 100 °C
for 5 min, then 1.5 ml of distilled water was added and absorbance readings were
taken at 530 nm. The reducing sugars were expressed as glucose equivalent using a
glucose standard curve (0, 1, 2, 3 and 4 mM) (Miller, 1959). The total sugars leaves
were determined spectrophotometrically following the anthrone method (Yemm
and Willis 1954) with slight modifications. The anthrone reagent (10.3 mM) was
prepared dissolving anthrone in ice-cold 95% H,SO,. The reagent was left to stand
for 30-40 min before use, and 0.5 ml leaf extract was placed on top of 2.5 ml of

41



anthrone reagent incubated in ice for 5min and then vortexed vigorously. The
reactions were heated to 95 °C for 10 min and left to cool in ice. Readings were
performed at 620 nm. Calibration curve was carried out using a glucose solution.

5.2.4 Phenolic compounds and anthocyanins determination

Phenols were spectrophotometrically determined in fresh samples following
two different approaches: the direct measure of the methanolic extract
absorbance at 320 nm (phenolic index) and the Folin-Ciocalteu method (Ke
and Saltveit, 1989; Singleton et al., 1999). Phenolic index was expressed as
ABS320nm g' FW, while the Folin-Ciocalteu method expresses total phenols
as pug g' FW Gallic acid equivalent (GAE). For anthocyanins determination,
samples of frozen tissue (30-50 mg) were ground in pre-chilled mortar and
extracted into methanolic HCl (1%). Samples were then incubated overnight
at 4 °C in the dark. The concentration of cyanidin-3-glucoside equivalents
was determined spectrophotometrically at 535 nm. (Klein and Hagen, 1961).

5.2.5 Leaf physiological parameters

Gas exchange measurements were performed with a portable photosynthesis system
(CIRAS-2, PP System, USA). Measurements were taken on young, fully expanded,
intact leaves of C. olitorius plants every week for 3 months form mid-May to mid-
July 2016. Net CO2 assimilation rate, stomatal conductance and transpiration were
assessed setting the CO2 concentration of the instrument at 400 umol mol-1, 50%
relative humidity, 500 mL min-1 airflow and a photon flux density of 1000 pmol
photonsm-2s-1.Theinstrumentwasstabilizedaccordingto manufacturer guidelines.
Chlorophyll a fluorescence was measured from randomly selected dark-
adapted leaves in from mid-May to mid-June and using leaf-clips and a
portable Handy Plant Efficiency Analyser (PEA, Hansatech, UK). Fluorescence
parameters were automatically calculated: Fv/Fm or (Fm-Fo)/Fm. The JIP-
test was performed for the determination of the following indexes (Force et
al., 2003). Fluorescence monitoring system was used for the measurement of
photosynthetic quantic efficiency of light adapted leaves and electron transport flux.

Glossary of JIP-test terms

o Dissipation in a PS II cross-section (DI0/CS): total dissipation measured over the cross-
section of the sample that contains active and inactive RCs. Dissipation occurs as heat,
fluorescence and energy transfer to other systems.

« Effective antenna size of an active RC (ABS/RC): total number of photons absorbed by chl-
molecules of all RCs divided by the total number of active RCs. It is influenced by the ratio of
active/inactive RCs.

+ Electron transport in PSII cross-section (ET0/Cs): the re-oxidation of reduced Q A via
electron transport over a cross-section of active and inactive RCs.

o  Electron transport in an active RC (ET0/RC): the re-oxidation of reduced QA via electron
transport in an active RC. Only reflects the activity of active RCs.

o  Maximal trapping rate of PS II (TRO/RC): the maximal rate by which an exciton is trapped
by the RC resulting in the reduction of QA. This is a situation synonymous with measuring
the trapping rate in the presence of DCMU-3-(3,4-dichlorophenyl)-1,1-dimethylurea.

« FV/FM: maximum quantum yield of PS II photochemistry.

 Pi: photosynthetic index.
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5.3 RESULTS

5.3.1 Sugars contents and canopy growth

Among C. olitorius, canopy dried matter ranged from 10.45 % to 15.13% confirmed
significant sugar variation (Figure 1 and table 2); this result could be linked to
the different photosynthetic activity among ecotypes. The level of total sugars
significantly ranged among C. olitorius ecotypes. Sugar values ranged from 4.2 mg
g' Fw to 48 mg g' Fw (Fig. 1). Moreover, sucrose showed the same trend of total
sugars among C. olitorius varieties, underlined differences in biological activity of
carbon fixation and sugar transport inside leaves. However, the levels of sucrose
ranged from 0.6 mg g' Fw to 2.1 mg g Fw. The higher values of total sugars were
found inside C2 leaves (48 mg g Fw), while C6 and C11 had similar values: (32
mg g' Fw and 35 mg g' Fw ) and also C1 (28 mg g' Fw) had higher values in
comparison with C5 and C4 that had 26 and 22 mg g Fw respectively. Lower values
were detected in C7 and C10: 4.2 and 7.1 mg g Fw respectively. Sucrose inside C.
olitorius leaves was more clustered than total sugars. Higher levels were observed
among C6, C2, C5 with values of 1.9, 2.1 and 1.6 mg g Fw, respectively. Another
group C4, C1, C11 had sucrose values of 1.4, 1.5 to 1.6 mg g-1 Fw respectively. C3
and C7 had similar sucrose contents: 1.2 and 1.0 mg g Fw respectively. The lowest
amount of sucrose inside C. olitorius leaves was found inside C10: 0.6 mg g Fw.

Table 2. Accession leaves dried matter

percentage

Samples leaf DW% -
Cl 15.13 =
C2 10.92 ‘E‘
C3 11.83 Ef
4 12.33 g

C5 10.78
C6 10.45 E
C7 11.78 £
Cl10 11.45 %
Cl11 12.23 L)
g
14

[2d
o
1

Figure 1. Sugar contents among ecotypes.
Total sugars, sucrose and reducing su-
gars contents of Corchorus olitorius (L.)
plants. Given are means * standard er-
ror (n=4). Different letters indicate stati-
stical differences among different ecotypes.

Sucrose (mg g‘1)
&

(AN AR < A

Ecotypes

43



5.3.2 Chlorophyll content, leaf gas exchanges capacity, and PSII

Higher levels of chlorophyll a were found inside C6, C10 and C11. Values ranged
from 1.4 mg g Fw to 1.5 mg g’ Fw. C1 and C4 showed intermediate chlorophyll
content. Chlorophyll b did not show significant differences among ecotypes with
values that ranged from 0.17 to 0.68 mg g'. Chl a inside C3, C5, C7 ecotypes had
values ranged from 0.8, 0.9 and 0.7 mg g'. C4 had the second amount in Chla:
1.1 mg g Fw; the lowest was C7 with an amount of 0.7 mg g Fw. Chl b did not
have significant differences. However, some variations of values were higher from
C2 (0.17 mg g') to C10 (0.68 mg g' Fw) of 75% difference. A positive correlation
was found between Chl a and Chl b values and also between Chl a and carotenoids.

Figure 2.
Chlorophyll content
among  ecotypes.
Chlorophyll a and
b contents of Cor-
chorus olitorius
plants are expres-
sed in ug/mg of - . . .
fresh weight. Given 00 05 10 15 20
are means *+ stan- Chia (mg g™! FW)

dard error (n=4). 08
Different letters
indicate statistical
differences among
different  ecotypes.
Direct correla-
tion among chlo-
rophyll and carote-
noids are reported.
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5.3.4 Leaf gas exchange capacity efficiency

Leaf gas exchange parameters, like stomatal conductance and transpiration,
changed significantly among ecotypes during cultivation and summer time (Figure
3 D). However, stomatal conductance showed significant differences among
accession mainly in June and July. Some statistical differences among ecotypes
for the CO2 intercellular concentrations were evaluated during summer period
in June: C10 and C11 had lower levels of stomatal conductance. This aspect was
linked to CO2 assimilation that could change among ecotypes that could influence
the photosynthetic rate (Pn) parameter. On the contrary, in June, C10 and C11
had significantly higher levels of photosynthesis. However, higher average levels of
transpiration were found in ecotypes with lower levels of photosynthesis rate in June.
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Leaf gas exchange parameters, like stomatal conductance and transpiration,
changed significantly among ecotypes during cultivation and summer time (Figure
3 D). However, stomatal conductance showed significant differences among
accession mainly in June and July. Some statistical differences among ecotypes
for the CO2 intercellular concentrations were evaluated during summer period
in June: C10 and C11 had lower levels of stomatal conductance. This aspect was
linked to CO2 assimilation that could change among ecotypes that could influence
the photosynthetic rate (Pn) parameter. On the contrary, in June, C10 and C11
had significantly higher levels of photosynthesis. However, higher average levels of
transpiration were found in ecotypes with lower levels of photosynthesis rate in June.
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Figure 3. CIRAS: Gas exchanges analysis during the cultivation in different C. olitorius ecotypes. Values are
means with standard errors (n=3). Data were subject to one-way ANOVA and differences among means were
highlighted using Bonferroni’s post-test. Different letters indicate statistical difference for p<0.05.

5.3.5 PSII efficiency

A few significant differences were found in relation to the efficiency of PSII among
ecotypesandageneral decreasingefliciencytrend wasobserved duringthe cultivation
cycle in summer time (Fig 4). The performance index (Pi) changed significantly
among accession only during June. Fv/Fm ratio underlined a general sub stress
condition among ecotypes with all levels that were below 0.8 (Fv/Fm). Performance
index (PI) (Fig. 4C) decreased during summer with the higher values reached on
September. DIo/RC, dissipated energy (Fig. 4F) increased with the increase of

solar irradiation in summer (July), with significant differences among accessions.
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Eto/RC

ABS/RC

Only on May 31st and June 30 th were significant differences evaluated in the C3
ecotype beside others. In addition to the performance index, the quantum yield of
electron transport (ETo/CS) (Fig. 5A) also decreased in all ecotypes during summer
period. A similar trend was found for the averange of antenna size and absorbed
energy (ABS/RC) (Fig.4E). In fact, on May 31st and June 30th significant differences
were measuered among ecotypeslinked to solar radiation during cultivation. On May
31st, the C3 accession showed an expected parameter, there was alower gas exchange
rate (Fig. 4 B) and there was a lower ET0/RC, TRO/RC, FV/FM, ABS/RC as well.
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Figure 4. PEA (Advanced Continuous Excitation Chlorophyll Fluorimeter). Values are means with standard
errors ( n=8). Data were subject to one-way ANOVA and differences among means were highlighted using
Bonferroni’s post-test (p< 0.05). Different letters indicate statistical difference. A (Electron transport flux); B
(Quantum efficiency); C (Photosynthetic index); D (Trapping); E (Absorption); F (Dissipated energy flux per
reaction center).
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Figure 5. Quantum yield of
electron  transport (ETo/CS),
Dissipation (DIo/CS). Standard
error has been considered. Signi-
ficant difference among values
for all accessions at p< 0.05 is
indicated by letters.
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5.3.6 Fluorescence monitoring system

Electron transport flux measurements confirmed the previous analysis of Et0/RC

with a decreasing trend during the summer period. However, electron transport
flux increased during July 28th for C3, C7 and C10 compared to C1, C2 and C11.
Moreover, quantic photosynthetic efficiency percentage showed the main differences

among accessions during summer measurements of June 30th and July 28th (Fig.6),

confirming data of performance index (Pi) that decreased during summer, as well.

Figure 6. Fluorescence moni-
toring system. Standard error
has been considered. Significant
difference among values for all
accession at p< 0.05 is indicated
by letters.
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Abs 320g”' Fw

Gallic Acid Equivalent pg g" Fw

5.3.7 Active compounds: Polyphenols, total anthocyanins and total carotenoids

Phenolic index (absorbance of methanol extract at ABS 320 nm) underlined
significant differences among C. olitorius accessions’ phenolic amount. The high
values of polyphenols were measured in ecotype C1 and C11 (India and Japan) with
absorbance values of 54.2 and 58.31 ABS_, ¢! Fw. Lower values were measured for
the varieties C2 and C3 (Chinaand Libya) with valuesof 24.1 ABS g Fwand 20.1
ABS,, g’ respectively. Ecotypes C5, C6, C7, and C10 ranged from 31.3, 33.0, 32.5
to28.1 ABS,,| g Fw. Moreover, the same trends were analysed inside the phenolic
content (GAE) inside leaves. The ecotypes, C1 and C11, showed higher amounts
of phenols with values 5994 pug g' Fw and 6402 pg g' Fw. C4 had 4354 pg g' Fw.
The C5, C6 and C7 range showed values of 3506, 3680, 3633 ug g Fw, respectively.
The C10 ecotype had an intermediate content similar to C5 groups 3214 pg g' Fw

and the lower amount: 2779 and 2343 found in C2 and C3, respectively (Fig. 7).
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Figure 7. Anthocyanins expressed as cynidin-3-glucoside, Phenolic index (Abs320) and total phenols expressed
as gallic acid equivalent, carotenoid, all parameters are referred to fresh weight and were determined in leaves
of C. olitorius accession. Values are means with standard errors (n=4). Data were subjected to one-way ANOVA
analysis and differences among means were determined using Bonferroni’s Post-test.

Anthocyanin had variances among the ecotypes, however, anthocyanin
contents were clustered in only two main groups. The high anthocyanin
content was measured in C5, C10 and C11 with values ranged from 18.3 to 24.9
mg 100 g' Fw; other ecotypes C1,C3,C4,C7 and C6 ranged from 6.3 to 14.6
without significant differences among them. The lower levels were detected
inside C2 leaves: 6.2 mg 100 g' Fw. Moreover, carotenoids and chlorophyll
levels inside C. olitorius L. leaves changed significantly among ecotypes.
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In fact, carotenoids amount inside C. olitorius leaves changed in correlation
with chlorophyll according to their physiological action of supplementary
pigments. However, significant differences in content were less underlined
than chlorophyll among ecotypes. In fact, carotenoids level inside CI
leaves was 0.48 mg g' Fw similar to C6, C10 and C11. The higher values of
carotenoids ranged from 0.58 to 0.56 mg g' Fw. In other ecotypes C2, C3,
C4, C5 and C7, carotenoids content were 0.23, 0.27, 0.44, 0.37 and 0.28 mg g’
Fw. The C2 ecotype showed lower amounts of carotenoids and anthocyanins.

5.3.8 Water use efficiency parameters

Water use efficiency showed differences during seasons among accessions as
well as sugar accumulation in leaves (Figures 1-8). Significant variations among
accessions occurred during the growing season, particularly during summer time.
However, considering the mean of the entire period, there were no significant value
differences for both measurements: photosynthetic water efficiency (p WUE) and
intrinsic water use efficiency (i WUE), as shown in Supplementary Table One.
However, total biomass per planta (aerial part + roots) showed some statistical
differences among accessions. In particular, C4 had the higher biomass production
during production cycle (suppl. Figure 1). Considering the general trend of C.
olitorius ecotypes during the growing season, it was a clear progressive reduction
on pWUE from May to September with a 76% water use efficiency reduction
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Figure 8. Accessions specific
mean values of photosynthe-
tic water use efficiency WUE
(Pn/E) and intrinsic water use
efficiency WUE (Pn/gs) in 2016.
Standard error has been conside-
red. Significant difference among
values for all accessions at p<
0.05 is indicated by letters.
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5.4 DISCUSSION

Ecotypes of C. olitorius show significantly different variations in several compounds
like sugars, phenols, anthocyanins, chlorophyll and carotenoids. Ecotypes C1 and C11
have particularly interesting antioxidant compounds compared to the other accessions.



These antioxidant compounds changed in relation to photoperiod that
influenced in response of eventually stresses linked to peculiar genetic traits.
In particular, phenols are influenced by solar irradiation that increases the
accumulation of these compounds in leaf tissues (Larsson et al, 1986).

Chlorophyll are important leaf pigments involved in light use efficiency. The C6, C10,
C11 and C1 ecotypes had statistically higher Chl a content. Chl a is considered an
essential protein for photo-absorption in leaf thylacoid. However, plants have the
ability to regulate their biosynthesis and action in order to reduce photo oxidation
and light burn blast. Significant decreasing trends among some species between
ABS/RC and chlorophyll levels are reported, like C1 during the season. Moreover,
our analysis showed that content of Chl a and Chl b influenced ABS/RC ratio
among varieties like those in C2. In fact, the content of pigments influenced the
absorption capacity of the leaves. Moreover, energy absorption by thylacoid receptors
also influenced carotenoid content. In fact, carotenoids are secondary compounds
which are able to protect leaves against photoreception and dissipate expected
energy. It is important to consider photosynthesis as a biochemical process, which
is strongly correlated to plant plasticity and different environmental conditions.

Sugar contents ranged strongly among ecotypes of C. olitrius, probably linked to
different metabolism and sugar translocation. Although this variation could be
suggested by a correlation to respiration and photosynthesis, few physiological
measurements underlined this correlation between sugars accumulation and ecotypes.
In fact, inside the plant C1, C2, C3, C4 and C5 the level of sugars was higher than
expected, considering measurements of carbon fixation rates, which were in line with
other accessions like C11 or C10. Corchorus species are C3 plants, which means that
they lose about 30%-50% of their photosynthetic products during photorespiration,
as suggested by sub optimal Fv/Fm ratio (Figure 4). It’s likely that C1, C2, C3, C4 and
C5 plants had a lower photorespiration rate that can increase triose sugar deposits in
leaves. In fact, triose sugars could be stored in chloroplast. This data could be supported
by the differences among total sugars amount in leaves C. olitorius among accessions.
Sucrose, for example, does not have, in general, high significant variations among
ecotypes. However, sucrose is significantly higher inside ecotypes with lower respiration
rates like C2. This aspect can be explained by a faster metabolism which consequently
transports triose sugars in the form of sucrose to be exported in vascular tissues tissues
as suggested by the yield of dried matter (Kaiser and Heber 1984; Ward et al., 1997).

Physiological activity of photosystems II is a key factor in the leaf during
season. High solar irradiation causes biochemical changes in photosynthesis
patterns that could inhibit electron transport flux (Et0/RC), causing reduction
of carbon fixation by the saturation of the system (Figure 4-5). Moreover,
stomatal conductance is an interesting parameter with which to understand
water potential per photosynthetic rates (Pn) to estimate water use efficiency.
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Generally, during photo inhibition, DIO/CS increases and Et0/CS decreases, as was the
case during summer measurements (Figure 7). C3 accession previously showed an
increase of ETO/RC compared to the others. A similar trend is suggested by the C3,
C7 and C10 accession that increased electron transport flux July 28" and is linked to the
reductionofquanticefliciency. Thisis probablyaconsequenceofthedissipationofenergy
(DIO/RC),assuggestedby Cl0accession,whichhadahighercontentlevel of carotenoids.

These stresses could influence photorespiration, while photosynthetic stresses and
dissipation, particularly during the summer, can produced O2 which increases
photorespiration and the consumption of sugars. In our case, there are significant
differences in the photosynthetic quantic efficiency status of photosystem II (Figure
8.) among accessions on summer. Taking into consideration DI0/Cs and Et0/Cs
differences among accessions, sugars leaf levels could suggest different sugar store
behaviour and the use of primer amid. Although sucrose and reducing sugars showed
differentamounts inside C. olitorius L. accessions, both parameters were not influenced
by photosynthetic rate because sucrose is a transport sugar and reducing sugars are
metabolic substrata in cytosol. Moreover, variations of gas exchange rate suggested that
there is a relation between photosynthetic rate and stomatal conductance. However,
all plants which had higher mean values also had a high respiration rate parameter.
This combination of factors generated a higher use of sugars in leaves tissue, probably
causing respiration, as suggested in C7 and C10 leaves. Data suggested that plants
C10, Cl11, C7 and C6 had high carbon fixation but generally less efficient use of sugars
compared to the C1, C2, C3 and C4 metabolism. Moreover, Figure 7 suggested that
ecotypes coming from Libya had less photo-inhibition response during the summer
period, showing a good adaption to high temperature. However, at the same time,
during the summer period (June-July), C4 (Libya) water efficiency uses decreased
dramatically compared to the other ecotypes. This aspect could be explained as a form
of adaptation to North African temperatures, thanks to a higher water transpiration
rate. In fact, during June and July, measurement C4 photosynthetic quantic efficiency
was not influenced by the high temperature. Moreover, C4 turned out to be one
of the better ones, considering photosynthetic quantic efficiency (Figures 5-8).

Moreover, the increase of temperature could produce a vapour pressure deficit
(VPD) that had a negative direct effect on WUE (Kamiski et al., 2015). In fact,
VPD influenced leaf transpiration with higher values of transpiration rate. Intrinsic
water use efficiency value had a lower decreased compared to pWUE during the
test with a 26% decrease in mean from May 12" to September 7™. According to
the mean values of pWUE of many crops like potatoes and cereals, C. olitorius had
interesting values like potatoes in many case like C1 or C3 (Kamiski et al., 2014).
Moreover, plant biomass was generally allocated to the upper part of the plant and
not to the roots. In general, C3 like wheat allocated more than 30% of biomass to
roots. However, C. olitorius accessions had lower roots biomass percentage with
values ranged from 10 to 20% that are similar to the C4 plant (Kalapos et al., 1996).
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Water limitation and water use efficiency will be a major issue in the future of
agriculture, due to the increase of global warming. The increase of temperature
will raise the water vapour concentration difference between leaf and air, although
relative humidity in the atmosphere is foreseen to be constant, globally (Willet at al.,
2007). Accessions C10 and C11 showed high intrinsic WUE at high temperatures.

Unfortunately, all accessions had values of less than 1% of photosynthetic quantic
efficiency during the entire growing cycle. Generally, typical crop plants performances
ranged between 1-2% of photosynthetic efficiency. Despite electron transport flux
mean values ranged under 50 umol m™s™ in all data collected in the July measurement
of North Africa accessions, C3, C4, C5, C6, C7, and C10 have mean values ranged from
100 umol m? s to 300 pmol m™ s'. Considering the high values of temperature and
light during July in Milano, the increment of electro transport flux could be an adapting
response to stress linked to the native North African origin of these plants. However,
this increase of electron transport flux does not generate higher photosynthetic
rate, while it could be a response of energy dissipation (Ruban and Horton 1995).

5.5 CONCLUSION

To understand the difference in growing response, itisimportant to find the best ecotype
thatis adapted to European environmental conditions in order to introduce the highest
performing and most valuable plant. Results show that varieties C1 and C11 had high
values in antioxidant compounds and sugars. Photosynthetic rate results underline
an interesting light use efficiency of C1 ecotype in comparison with C11, although a
difference in iWUE has been reported. According to our results, further investigations
about the ecology of African accessions should be done, considering the good
production level of C4 ecotype thanks to the response to the high temperature climate.

Suppl. table 1. Accessions specific mean values of photosynthetic WUE (Pn/E) and intrinsic WUE (Pn/gs) in
2016. Biomass expressed in Kg of dried matter. Standard error has been considered. Significant difference
among values for all accessions at p< 0.05 is indicated by letters.

ACCESSOTES PWUE iWUE Total biomass
Mean Eror N Differences Mean Error N Differences Mean Ermor N Differences

C1 452 129 25 ns 0049 0012 25 ns 0155 0081 3 b
C2 374 105 25 ns 0033 0006 25 ns 0136 0025 3 c
L= 458 0.86 25 ns 0049 0003 25 ns 0127 ns 3 c
C4 402 0.96 25 ns 0037 0004 25 ns 0208 0028 3 a
C5 340 0938 25 ns 0033 0005 25 ns 0141 0015 3 b
Cb6 337 096 25 ns 0028 0004 25 ns 0141 0030 3 b
C7 283 047 25 ns 0032 0004 25 ns 0157 0057 3 b
C10 451 112 25 ns 0052 0015 25 ns 0142 0006 3 b
Cc11 450 103 25 ns 005 0015 25 ns 0106 0010 3 c
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Suppl. Figure 3. Seasonal production of Cor-
chorus olitorius (L.) dried weight per plant.
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CHAPTER VI:
Ethno-pharmacology possible role
of several secondary compounds
of C. olitorius detection and
quantification

6.1 INTRODUCTION

C. olitorius is a traditional leafy vegetable that is cultivated and consumed among
different tropical areas in Africa and Asia. It has putative anti-cancer properties
in traditional medicine (Taiwo et al., 2016). Moreover, the leaf extract is rich in
polyphenols and shows interesting activity against several pathogenic gut microbes
(Zakaria et al., 2006; Nwakaeze et al., 2014). Polyphenols are considered the primary
active compounds inside C. olitorius (Das et al., 2009; Oboh et al., 2012, Acho et
al., 2014, Morsy et al., 2015). However, terpene could also have important biological
properties. Moreover, several specific compounds inside its tissue shows in vitro and
in vivo activity against cancer (Yan et al., 2013). According to the literature C. olitorius,
extracts show a high capacity to reduce pro-inflammatory stress compounds like
oxidant NO, H O,, O~ (Yoshikawa et al., 1998; Dewanjee et al., 2013; Islam et al., 2013).
The beneficial properties of C. olitorius, such as its, antioxidant activities and
inflammatory actions, could be related to a specific class of compounds like
terpenes or flavonoids (Talhouk et al., 2007). Further investigation into the chemical
composition of C. olitorius, by screening its chemical composition using proper
HPLC-MS and GS-MS, could be an important step for finding new pharmaceutical
compounds and for understanding the basis of its traditional uses in medicine.

6.2 MATERIALS AND METHODS

One g of leaves of lyophilized powder of C. olitorius (Chinese accession from IPK
seed bank) was dissolved in a 10 ml of MeOH and stirred for 24 h in a cold room of
4°C. The extract and the solution was centrifuged and concentrated at 2,147g and
45 °C until all of the volatile solvents were evaporated in a Centrivap concentrator
connected to a cold trap (Labconco, Kansas City, MO). Chloroform was added
to the concentrated mixture of 1 gram of leaves of lyophilized powder, and this
solvent fraction was used to analyse the profiling of the compounds present in the
extract by GS/MS. The crude MeOH extract was fractionated in four fractions:
phenolic acids (F1), anthocyanins (F2), flavonols (F3) and procyanidins/polymeric
anthocyanins (F4) by solid-phase extraction using C18 cartridges as previously
described18 (Figure 1) by Noratto et al., fractionation procedure reported later.
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The aqueous extract was adjusted to pH 7.0 with 5 N NaOH. A total of 1 mL of Jute
leaves extract was loaded in SEP Pack CI18 cartridge (55-105 um, Waters Corp.,
Milford, MA, USA) previously conditioned to pH 7.0 with 20 mL of 100% methanol
and 50 mL of nano-pure water (pH 7.0). The neutral phenolic compounds were
absorbed in the cartridge, whereas the phenolic acids were not. The cartridge was
washed with 20 mL of water (pH 7.0). The water from the wash contained phenolic
compounds that were not adsorbed in the cartridge. This fraction was adjusted to
pH 2.0. This mixture of compounds was loaded into a second cartridge previously
conditioned at pH 2.0 with 20 mL of 100% methanol and secondarily washed by
20 mL of nano-pure water at pH 2.0. Phenolic acids bound to the matrix of the
second cartridge (F1) were later eluted with 50 mL of 100% methanol. Next, the first
cartridge was adjusted to pH 2.0 and the elution of anthocyanins was accomplished
by passing 20 mL of 16% acetonitrile solution at pH 2.0 (F2). Next, flavonoids were
eluted form the first cartridge using 20 mL of 100% ethyl acetate (F3). The last elution
was performed using 20 mL of 100% methanol for the anthocyanin polymers (F4).

Fractions were concentrated with low boiling point solvents (F1, F3, and F4)
using Rotavapor. After these procedures, all the fractions were completely
evaporated at 45 °C using a Centrivap (Labconco, Kansas City, MO). C. olitorius
fractions were analysed by HPLC-MS. Identification of the phenolic profile was
performed at 200-600 nm by a comparison of retention times and the MS/MS.

6.3 RESULTS

wilanl
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Figure 1. C. olitorius phenolic crude extract HPLC of fractions

Table 1. Identification of chemical components in fraction F1.

Peak |R.T UV [M-H]- [M+H]+ | MS frag- | Identification
No ments
Identification

1 28.2 240, 300sh, 353 355 191, 179, 1-caffeoylquinic acid
328 173,135

2 29.3 240, 300sh, 353 355 191, 179, 3-caffeoylquinic acid
328 173,135

3 34.2 240, 300sh, 353 355 191, 179, 4-Caﬁeoquuinic acid
328 173, 135

4 35.3 240, 300sh, 353 355 191,179 chlorogenic acid
328

5 36.5 240, 324 367 369 193,191, | 5-feruloylquinic acidb

149

6 38.7 240, 300sh, 631 - 353,191, caffeoylquinic acid
328 179 glycoside

7 41.2 240, 300sh, 515 - 353, 191, | 3,4-dicaffeoylquinic acid
328 179, 135

8 42.0 240, 300sh, 645 - 601, 397, 3-sinapoyl-5-caffe-
328 223,191, | oyl-1-methoxyoxaloyl-

179 quinic acid

9 38.7 240, 300sh, 559 - 397,223, | 3-sinapoyl-5-cafteoylqui-

328 191,179 nic acid




Table 2. Identification of chemical components in fraction F2.

Peak |R.T uv [M-H]- [M+H]+ | MS frag- | Identification
No ments
Identification
2b 322 240, 300sh, - 449 287 Cyanidin-3-glucoside
328
4 35.3 240, 300sh, 353 355 191, 179, 3-caffeoylquinic acid
328 173,135
6 38.7 240, 300sh, 631 - 353,191, caffeoylquinic acid
328 179 glycoside
8 42.0 240, 300sh, 645 - 601, 397, 3-sinapoyl-5-caffe-
328 223,191, | oyl-1-methoxyoxaloyl-
179 quinic acid
9a 47.3 255,295 339 - 161, 145 Chicoriine
9b 48.03 255,290 353 - 191, 145 | Scopolin-7-O-glucoside
9¢ 49.6 254 177 - 145 4,7 dihydroxy coumarin
10 52.8 254, 280 543 - 353,191, 3-O-Dimethoxycinna-
179 moyl-4-O-
caffeoylquinic acid
10a 55.7 254,290 513 - 353,191, | 3-O-p-Coumaroyl-4-O-
179 feruloylquinic acid
11 58.9 254, 295 573 - 223,191, 3-O-Sinapoyl-5-O-
179 feruloylquinic acid
Table 3. Identification of chemical components in fraction F3.
Peak |R.T Uv [M-H]- [M+H]+ | MS frag- | Identification
No ments
Identification
8a 45.5 255, 360 463 465 301 Hyperoside
8b 46.8 255, 360 463 465 301 Isoquercitrin
9b 47.9 255,365 447 449 285 kaempferol-3-O-3-D-
glucopyranoside
9c¢ 49.4 255, 365 447 449 285 kaempferol-3-O-f-D-
galactopyranoside
a9d 50.5 360 549 551 463,301 | Quercetin 3-0-(6"-O-
malonyl)-3-D-glucoside
9e 52.3 360 549 551 463, 301 | Quercetin 3-O-(6”-0O-
malonyl)-p-D-
galactoside
Table 4. Identification of chemical components in fraction F4.
Peak |R.T uv [M-H]- [M+H]+ | MS frag- |Identification
No ments
Identification
7a 41.9 255, 360 315 317 301, 191, isorhamnetin
175
8b 46.8 255, 360 463 465 301 Isoquercitrin
11a 76.0 235, 265 145 - 117, 89 coumarin
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Fraction 1: compound content
expressed in mg 100 g-1 of
leaf

u 1-caffeoylquinic acid m 3-caffeoylquinic acid

W 4-caffeoylquinic acid M chlorogenic acid
m 5-feruloylquinic acid m caffeoylquinic acid glycoside
m 3,4-dicaffeoylquinic acid m 3-sinapoyl-5-caffeoyl-1-methoxyoxaloylquinic acid

3-sinapoyl-5-caffeoylquinic acid

Fraction 2: compound content
expressed in mg 100 g-1 of

leaf

M Cyanidin-3-glucoside m 3-caffeoylquinic acid

u caffeoylquinic acid glycoside m 3-sinapoyl-5-caffeoyl-1-methoxyoxaloylquinic acid
M Chicoriine H Scopolin-7-0-glucoside

u 4,7 dihydroxy coumarin u 3-0-Dimethoxycinnamoyl-4-O-caffeoylquinic

1 3-0-p-Coumaroyl-4-O-feruloylquinic u 3-0-p-Coumaroyl-4-O-feruloylquinic

Fraction 3: compound content
expressed in mg 100 g-1 of

leaf

W Hyperoside M Isoquercitrin
® kaempferol-3-0-B-D-glucopyranoside m pferol-3-0-B-D-gal py id.
® Quercetin 3-0-(6"-0-malonyl)-B-D-glucoside m Quercetin 3-0-(6"-0-malonyl)-B-D-galactoside

Fraction 4: compound content
expressed in mg 100 g-1 of

leaf

m isorhamnetin M Isoquercitrin ™ coumarin
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Different fractions were analysed with different standards in order to evaluate
the concentration inside C. olitorius L. leaves. The standards used for the
quantification were quercetin, chlorogenic acid, coumarin and cyanidin in
order to cover all the chemical species found inside the leaves. Inside the first
fraction, the prevalent compounds found were chlorogenic acid, 1.72 mg g"' and
1-caffeolyquinic acid, 1.36 mg g'. The third most abundant compound present
was 3-caffeolyquinic acid, 0.75 mg g'. Other chlorogenic acid derivatives were
detected and measured as caffeoylquinic acid glycoside, 0.21 mg g, 3-sinapoyl-5-
caffeoylquinic acid 0.10 mg g, 3-sinapoyl-5-caffeoyl-1-methoxyoxaloylquinic acid,
0.096 mg g', 3,4-dicaffeoylquinic acid, 0.04 mg g', 4-caffeoylquinic acid, 0.049
mg g', 3,4-dicaffeoylquinic acid, 0.058 mg g' and 5-feruloylquinic acid 0.0072.
The second fraction is mainly composed by flavonoids compounds. However,

several chlorogenic acids derivatives and coumarin were present in this fraction.

Moreover, these derivatives were the major constituents of the second fraction:
3-sinapoyl-5-caffeoyl-1-methoxyoxaloylquinic acid, 0.21 mg g* and caffeoylquinic
acid glycoside 0.11 mg g and 3-caffeoylquinic acid, 0.84 mg g'. Other compounds
were found as reported in Table 2 in trace: cichoriine, 0.063 mg g, cyanidin-3-
glucoside, 0.033 mg g', 3-O-p-Coumaroyl-4-O-feruloylquinic, 0.038 mg g, Scopolin-
7-O-glucoside, 0.01 mg g, 4,7 dihydroxy coumarin, 0.009 mg g'', 3-O-p-Coumaroyl-
4-O-feruloylquinic, 0.002 mg g'. Inside the third fraction, several quercetin and
kaempferol derivatives were detected: kaempferol-3-O-p-D-glucopyranoside, 0.24
mg g, isoquercitrin, 0.22 mg g, kaempferol-3-O-f-D-galactopyranoside, 0.17 mg
g, quercetin 3-O-(6"-O-malonyl)-B-D-glucoside, 0.05 mg g, quercetin 3-O-(6"-O-
malonyl)-B-D-galactoside, 0.04 mg g, hyperoside, 0.03 mg g*. The fourth fraction
is mainly composed by coumarin. However, two flavonoids were detected from the
previous fraction (fraction number 3) and some flavonoids were detected in this
fraction: coumarin, 0.34 mg g'!, Isoquercitrin. 0.02 mg g', isorhamnetin, 0.01 mg g™

Ml stvw MEeiredars &
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Figure 2: GC-MS of C. olitorius
chloroform crude extract

o
-
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Table 5. Identification of Chloroform extract of C. olitorius leaves.

Peak | Retention time | Molecular weight Identification Type of com-
No pound
1 10.47 296 3,7,11,15-Tetramethyl-2- Terpene alcohol
hexadecen-1-ol
2 11.65 172 4,8 dimethyl, 1-Nonanol alcohol
3 14.02 214 2-hexyl, 1-octanol alcohol
4 14.89 490 12-O-acetylingol 8-tiglate Terpene alcohol
5 17.46 220 Butylated hydroxyl toluene | Aromatic alcohol
6 18.37 298 Eicosanol alcohol
7 20.06 388 7,12 dioxo, 5a cholan-24-oic diterpene
acid
8 27.44 224 2,3,3 trimethyl-2-(4-methyl- ketone
pentanoyl)-cyclopentanone
9 29.07 410 squalene triterpene
10 35.59 430 Vitamin E vitamin

2,3,3 trimethyl-2-(4-  squalene
methylpentanoyl)- 2%
cyclopentanone

3%

7,12 dioxo, 5a

cholan-24-oic acid
11%

Eicosanol
4%
Butylated hydroxyl
toluene
3%
12-0O-acetylingol 8-

tiglate Figure 3. Quantification of identify of C.
8% olitorius chloroform extract

The yield of C. olitorius for organic fraction was of 0.250 g, using the extraction process
explained above in the Material and Methods section. The individual identified
components, with their relative percentages, are reported in Table 5. The analysis
revealed 10 compounds mainly consisting in hydrocarbon: terpene, alcohol ketone. The
major fraction compounds were found to be 3,7,11,15-Tetramethyl-2-hexadecen-1-ol
(38%), the other ones were found in lower percentages: 4,8, dimethyl, 1-Nonanol (12%),
7,12 dioxo,5a cholan-24-oic acid (11%), 2-hexyl, 1-octanol (10%), vitamin E (9%),
12-O-acetylingol 8-tiglate (8%), Eicosanol (4%),2,3,3 trimethyl-2-(4methylpentanoyl)-
cyclopentanone (3%), Butylated hydroxyl toluene (3%), squalene (2%).

6.4 DISCUSSION

Corchorus olitorius is used in traditional medicine for treating many different
diseases, as previous literature has reported (Wang et al, 2011). Detecting,
chemical composition and quantification are required to link a putative compound
to ethnical uses. Terpenes and phenolic acids were the main constituents of
C. olitorius antioxidant properties. Chlorogenic acid and its derivatives were
found abundance, more so than in other common leafy vegetables like lettuce.
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Considering antioxidant properties, flavonoids and anthocyanins inside leaves have
to be considered as active compounds which are able to influence human metabolism
and its probiotic and oxidant scavengers in the human gut, promoting human
health. It is interesting to see that inside the second fraction, flavones have been
the main chemical constituents; only one anthocyanin has been detected. Flavones
like quercetin and kaempferol are generally higher in C. olitorius than European
leafy vegetables product commonly used in “ready-to-eat salad” Kaempherol,
for example, are present in lettuce at an average of 1-28 mg kg' Fw according to
varieties like red radish 4 mg and kale, 30 mg kg' Fw (Bilyk, and Sapers, 1985).

Moreover, coumarin has been detected in abundance in leaves of C. olitorius.
Coumarin is regarded to be the drug used in treatments for vascular affection
due to their anticoagulant activity (Oboh et al., 2012). However, coumarin could
be considered as an anti-nutritional factor according to the interaction with
vitamin K absorption (Udall 1965). The interaction between coumarin and the
human body is important considering the consumption per die and the possible
amplification of some drug actions, like those of Coumadin (Izzo et al., 2005).

Active terpenes has been detected in leaves, and the main constituent of this fraction
has a particularly important biological function as antimicrobial compounds. This
aspect can link chemical composition with all the bibliography written in which
the extract of C. olitorius leaves demonstrated antimicrobial activity, as in Zakaria
et al., 2006. In particular, 3,7,11,15-Tetramethyl-2-hexadecen-1-ol and 4,8 dimethyl,
1-Nonanol are the main constituents of a terpene extract of Corchorus with 40%. These
compounds are the main candidates which can justify the antimicrobial properties
of C. olitorius extract and the use of this vegetable as food for treating microbial
gut diseases as diarrhoea. In fact, these two compounds in vitro had the properties
to control developing bacteria. In addition, butylated hydroxyl toluene, which is
only 3% of the fraction, also has an antimicrobial in vitro, underlining the putative
attitude regarding the use of C. olitorius terpene fraction as a natural microbial agent.

From a dietary point of view, our study confirmed the presence of the important
antioxidant compound vitamin E, which is an important antioxidant compound.
However, our results showed higher content than reported in literature, depending
on the procedure used 1.134 g on 100 g DW. Further, C. olitorius has higher 310 mg
kg Dw of quercetin compared to other vegetables like broccoli 60 mg kg Dw or red
spinach 29.5 mg kg' Dw. It is much like other African leafy vegetables, like Moringa
oleifera (232.5 mg kg' Dw), with regard to its importance for human nutrition. Also,
the Brassica family has less quercetin, such as black cabbage 0.4 mg kg™ or red cabbage
4 mg kg' Fw (Bilyk, and Sapers, 1985). The main constituent of phenolic acid inside
C. olitorius leaves is chlorogenic acid. It is considered an important antioxidant which
is common in the plant. C. olitorius has 1.72 g kg™ of chlorogenic acid in dried leaves.
Compared to tomato (300 mg kg™ Dw), C. olitorius has 4 time more chlorogenic acid
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inside the edible part. However, is important to note that green coffee, for example,
has sixty time more content: 65 g kg"' Dw. This trend is confirmed by reaching 3.84 g
kg-1 of dried leaves, if we considered all fractions formed by caffeic acid derivatives.
Anthocyanin in C. olitorius leaves are present at an interesting level (33 mg kg' Dw)
compared to other leafy vegetables like lettuce 24.9 mg kg! Fw (Cartea et al., 2010).

6.5 CONCLUSION

Quantification of phenol compounds and terpenes confirmed the presence of a high
content of antioxidant and active compounds. All these compounds help human
health by stimulating and promoting gut microbial and reducing oxidant toxicity in
cells. C. olitorius has a potential future as a nutraceutical plant for human nutrition.
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CHAPTER VII: CONCLUSION

Jute is an important commercial crop. It is the second source of natural fibre after
cotton. It is 100% biodegradable and recyclable. Moreover, its leaves have an important
use as leafy vegetables in Africa and Asia. It is also present in ethnic medicine which
aims to treat several diseases such as inflammation, fever and vascular diseases. For
all these reasons, the interest around this plant is currently increasing. Western and
developing countries have the same interest to develop a strategy to increase production
and improve knowledge about the pharmacological use of jute leaves that could be
collected from the waste of the fibre market. Moreover, improving cultivation methods
and the selection of varieties can also influence food varieties. This last aspect could
prove essential for improving the research on ethnic vegetables such as C. olitorius in
Africa in order to improve food security in many communities. C. olitorius, in fact, is
also used as a natural food supplier for woman during pregnancy and child-rearing.
This research worked to explore this issue in order to improve cultivation methods
and post-harvest treatments, as well as cover knowledge about the leaves’ chemical
composition. Understanding the chemical composition of leaves and plant physiology,
as shown in chapters 5-6, could be an interesting step forward in order to link the
ethno-pharmacological use of leaves to the real active compounds inside them, in
addition to understanding how we can activate them using physiological stress.

The complexity of these goals requires more studies over the next few years, although
an important path has been mapped by previous literature. It is important to consider
that only a small percentage of plant compounds have been investigated. The majority
of biodiversity is found in developing countries. Such is the case of C. olitorius, which
has the highest biodiversity in West Africa. This aspect creates a great opportunity
to improve the collaboration between different areas of the world in the name of
respect of natural resources, biodiversity and common health. The responsible use
ethnobotanical knowledge could characterize the new, ethical business of the future.
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