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secondary metabolites contents in eight
populations of Medicago ciliaris L.
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1 ABSTRACT

To identify the suitable genetic resources of forage legumes for animal feeding, the
characterization of their chemical and biochemical composition is crucial since forage
quality is a limiting factor which affects animal health and performance and consequently
human health. In this context, this study carried out for the first time the analyses of the
antioxidant compounds and the secondary metabolites (total phenols and tannins and
saponins) in whole fresh biomass, flowers and stems of eight populations of Medicago
ciliaris L (echinus Medicago) collected in different bioclimatic areas of north Tunisia. The
analysis of variance showed significant differences between populations for all parameters
(P<0.05) except for anthocyanins (P>0.05). Significant correlations were found between
carotenoids and chlorophylls a and b (r= 0.59, n=48; P<0.0001) and between lycopene and (-
carotene (r=0.81, n=48; P<0.0001). Multivariate analysis showed that populations 306 and
326 had the highest contents of chlorophyll a and carotenoids while Pop3 had the highest
content of lycopene, B-carotenes, saponines and total tannins. These populations will be
integrated in a breeding program for quality improvement of forage and will serve for
grazing of pods and straw in summer and grazing of green biomass in winter and spring
accordingly to their richness in antioxidant compounds.

2 INTRODUCTION

Tunisian flora is particularly rich in legumes seedling emergence and root penetration in
species which have great agricultural and soils subject to compaction such as clay soils
pastoral potential since they are used for food (Piano and Pecetti, 2010). The Medicago species
and livestock fodders. Generally, the Medicago are abundant among legumes species (Zoghlami
species are large-seeded (Piano and Francis, et al, 1996) and appreciated by animals. They
1992) (photo 1), indicating some benefit for serve as soil conditioning crops in addition to

7042



Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) |{#=#ra}
Vol.41 (3): 7042-7054. https://doi.orqg/10.35759/JAnmPISci.v41-3.7

o
ArIPAL
&

AAMNT H

—

| BCICHCER
ey |

their medicinal applications. The Medicago
species contain particular secondary metabolites
such as coumarins, isoflavones and saponins
(Barnes e¢# al, 2007). They also synthesize a
variety of bioactive natural products that are
used to engage into symbiotic interactions and
also serve to deter pathogens and herbivores
(Gholami e¢# al, 2014). In this context and for
the identification of suitable genetic resources
for animal feeding, the characterization of
forage  legumes for their antioxidant
compounds and nutritional value is essential
since forage quality is a limiting factor which
affects both animal health and products and
consequently human health. This interaction
was demonstrated by scientific research
highlighting the significant effects of several
natural biochemical compounds of plant
species against various human diseases (Elsayed
Edriss ez al., 2012). Several Medicago species are
used in medicine, human food, green manure,
and source of industrial enzymes in
biotechnology (Gholami ¢ a/, 2014). In general,
legumes are phytochemicals promoters and the
exploitation of their natural antioxidants and
secondary metabolites has been the subject of
several research works. The chlorophyll, due to
its green colour, is the main pigment contained
in the chloroplasts of the plant cells. It is
essential for the photosynthetic activity of the

plant. Chlorophylls a and b are the most
common in higher plants and in algae. They
have a wide application in pharmacy, cosmetics
and  veterinary  medicine.  Chlorophyll
derivatives accelerate tissue regeneration and
have antimicrobial properties (Doss ez al., 2011).
Like polyphenols, carotenoids are part of the
micronutrients that contribute to the body's
defences against reactive oxygen species. The
anthocyanins are flavonoids that attract
pollinators and benefit both plant and human
health (Pang ef al, 2009). A moderate amount
of these compounds is important in forage
plants by protecting ruminants from bloating,
According to Doss e al, (2011), saponins are
glycosides occurring widely in plants. They are
abundant in many foods consumed by animals
and human, recognized for several biological
properties (Rupasinghe ¢ al, 2003; Doss et al.,
2011) and nutritional and cosmetics attributes
(Doss et al., 2011). Nevertheless, none is known
about the antioxidant compounds in Medicago
ctliaris 1.. and their beneficial effect on animal
health and product. In this frame and for a
better valorization of pasture and forage
legumes genetic resources in animal feeding,
investigation of chemical composition, anti-
oxidant compounds and secondary metabolites
in fresh and dry biomass of eight populations
of Medicago ciliaris 1. has been carried out.
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M. scutellata

M. intertexta

M. ciliaris

Photo 1: Seeds (above) and corresponding pods (below) of some Medicago species *

3 MATERIALS AND METHODS

3.1 Origin of populations and field
experiment: The plant material used is
represented by eight populations of Medicago
ciliaris L. selected on the base of their genetic
diversity (Jabri ef al, 2017). These populations
were collected in different regions of Northern
Tunisia in 1992, 1994 and 2009 and preserved

in both National Institute of Agronomic
Research of Tunisia INRAT) and the National
Genes Bank of Tunisia (BNG). The
environmental characteristics at the collection
sites of the studied M. ciliaris L. populations are
listed in Table 1.

Table 1. Environmental characteristics at the collection sites of the studied M. ciliaris 1. populations

(Jabri et al., 20106).

Site [population] Year of Annual Elevation Min  Total OM pH EC N P20s
collection rainfall (m.asl) T CaO3 (%) (Mmho (ppm) (ppm)
(mm) (GO RN D) /cm)
Siliana [306] 1992 341.1 575 1.6 53.85  2.38 81 027 1075 2.9
Oued Messouge [326] 1992 367.1 500 1.6 27.68 151 80 028 1043 34
Dougga [355] 1992 4935 320 9.9 6589  1.98 80 024 765 2.1
Ghzala [660] 1994 554.2 5 6.7 4230 250 7.9 101 1044 13.3
Zana [861] 1994 507 10 6.7 4420  1.82 80 112 1064 233
Raoued El Hessiane [Popl] 2009 398.5 6 5.4 52.60  2.84 7.6 041 430 22.6
Kalaat Andalous [Pop2] 2009 3985 6 5.4 5430  1.16 72 0.16 160 26.6
Ghar El Melh [Pop3] 2009 497.8 6 6.7 5430  1.16 72 016 160

m.a.s.l: m above sea level; Min T: minimum temperature (°C); OM: organic matter; EC: electric conductivity; N: nitrogen

The populations were sown in the experimental
field at INRAT during the growing season
(2015-2016). The experimental field is located

in the semi-arid area in north Tunisia with 426
mm as average annual rainfall and 9.8°C and
34.2°C as minimum and maximum air
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temperatures, respectively. The experimental
design consisted of one row of 1 m long
spaced 50 cm apart replicated three times. The
sowing operation was done in November 2015
using a seeding rate of 15 kg ha'. Seeds were
previously scarified using sand paper in order to
ensure a homogeneous germination. Weeds
were manually removed and a supplemental
irrigation  was  provided  during  plant
establishment and spring.

3.2 Laboratory measurements

3.2.1 Samples preparation: In order to
determine the chlorophylls a and b, lycopenes
and carotenoids contents, a 500 g sample of
fresh biomass was taken from each line and
replication at flowering stage #sme. For (3-
carotene and anthocyanins determination, a
random sampling of 30 flowers and 100 g of
fresh stems per population and replication was
done, respectively. For secondary metabolites
determination (phenols, tannins and saponins),
a 500 g sample of fresh biomass (leaves and
stems) was taken from each row and replication
and dried in an oven for 72 h at 40°C.

3.2.2. Determination of dry matter content
(DM): The dry matter content was determined
according to AOAC (1990) and only ground
samples of dry biomass were used for dry
matter determination. This data is used in the
calculation of the secondary metabolites.

3.2.3 Determination of antioxidant
compounds: The method of Nagata and
Yamashita (1992) was used for the
determination of the antioxidant compounds
(chlorophylls a and b, lycopenes, carotenoids,

4 RESULTS

41 Dry matter content (DM): The
analysis of variance showed that the dry matter
content in fresh biomass did not vary
significantly between populations (P>0.05). It
ranged from 17.4% for population 306 to
21.4% for population 861 with an average of
19.5%. Populations 660, 355, 326 and 861
exceeded the total mean and their average being
of 19.6, 20, 21 and 21.2% of DM, respectively.

anthocyanins, and B-carotene). The B-carotene
was determined on flowers, the anthocyanins
on stems and the lycopenes, the chlorophylls a
and b and the carotenoids on fresh biomass
(stems and leaves). For the carotenoids and
anthocyanins determination, the method of
Lichtenthaler and Welburn (1983) was
performed while the method of Sims and
Gamon (2002) was carried out for anthocyanins
determination.

3.24 Determination of  secondary
metabolites: Secondary metabolites involved
total phenols, tannins and saponins. The
determination of total phenols and tannins was
carried out according to Makkar (2000) and
their contents are expressed in tannic acid
equivalent/kg of dry matter. While for
saponins content, the method of Hiai ef af,
(1976) was used and the contents are expressed
in diosgenin equivalent/kg of dry matter.

3.3 Statistical analysis: A  one-way
Analysis of variance (ANOVA) was performed
to assess the variation of the biochemical traits
with “population” and “replicates” as fixed
effects. Data were analysed using the General
Linear Model (SAS. 2002). For comparing
treatment group means, the Duncan test was
used at 5% of significance. Pearson correlations
between the measured parameters were
calculated. Principal Component Analysis
(PCA) and Cluster Analysis (CA) were also
applied to the significant variables determined
for M. ciliaris 1.. populations using JMP®11.0
(SAS Institute. 2014).

4.2  Antioxidants compounds: In this
article, we report for the first time, the analysis
of antioxidant compounds in whole biomass,
flowers and stems of eight populations of M.
ctliaris 1. This pasture legume is being widely
distributed in Mediterranean basin and in
similar climates. The analysis of wvariance
showed a significant effect of populations on

all the compounds except anthocyanins (Table
2).
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Table 2: Results of the analysis of variance applied to the antioxidant parameters analysed in the

eight populations of M. ciliaris L.

Part of the plant Parameters P value
. Chlorophyll a 0.0143*
Fresh Biomass Chlorophyll b 0.0001%+*
Lycopenes 0.0007*
Carotenoids 0.0002%**
Flowers B-carotenes <0.0007 %
Stems Anthocyanins 0.2988ns

*: significant at 5% level; ***: significant at 0.1% level; ns: not significant at 5% level.

Concerning chlorophylls a and b, the
population 326 had the highest content (Figure
1A) while for carotenoids, the population 306 is
the richest one (Figure 1B). Chlorophyll a is
high in population 326 (5.08 mg/g DM) and
low in Pop3 (2.46 mg/g DM) with an average
of 3.6 mg/g DM. Chlorophyll b is lower than
chlorophyll a and wvaried widely between
populations: it ranged from 0.34 mg/g DM in
Popl to 3.29 mg/g DM in population 326 with
an average of 1.9 mg/¢ DM. The carotenoids
ranged from 0.6 mg/g DM in each of Popl,
Pop2 and Pop3 to 1.9 mg/g DM in population

306 with an average of 1.3 mg/g DM. These
levels were higher than those of hairy vetch (0.4
mg/g DM) and Sulla (0.16 mg/g DM)
cultivated in the same field and used for
comparison. The B-carotene and lycopene
contents were generally very low. The former
varied from 0.01 mg/ml for Popl to 0.22
mg/ml for Pop3 with an average of 0.08
mg/ml while the latest one vatied from 0.01 to
0.16 mg/g DM for Popl and Pop3 respectively,
with an average of 0.06 mg/ ¢ DM (Figure 1C,
1D).
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Figure 1. Variation of chlorophylls a and b (A) and carotenoids (B) B-carotenes (C) and lycopenes
(D) among populations of M. ciliaris 1. Ditferent letters indicate significant differences at p<<0.05
according to Duncan test.

Strong and significant positive correlations were lycopenes and B-carotene (r =0.81, n=48;
found between carotenoids and chlorophylls a P<0.0001) (Figure 2).
and b (r= 0.59, n=48; P<0.0001) and between
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Figure 2. Pearson correlation among anti-oxidant compounds (chlorophylls a and b, 3-carotenes,
carotenoids, and lycopenes).

4.3 Secondary metabolites: The analysis
of wvariance showed a significant effect of

populations (P<0.05) on total phenols and
tannins and saponins contents (Table 4).

Table 4. Secondary metabolites content in the eight populations of M. ciliaris L.

Part of the plant Parameters P value

Dry Biomass Total Phenols 0.0396%*
Total Tannins 0.0004***
Saponins 0.019%*

*: significant at 5% level; **: significant at 1% level; ***: significant at 0.1% level

Total phenols ranged from 15.6 g eq of tannic acid in each of Popl and Pop3 to 25.8 g eq of tannic
acid for each of population 355, 326 and 660 with an average of 20.81 g eq of tannic acid (Figure
3A). While total tannins varied from 6.25 to 14.5 g eq. tannic acid for populations 355 and Pop3,
respectively (Figure 3B) with an average of 8.6 g eq. tannic acid.
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Figure 3. Total phenols (A) and tannins (B) contents in the dry matter of M. ciliaris L. populations.
Different letters indicate significant differences at p<0.05 according to Duncan test.

According to figure 4, Pop3 (coastal area) had
the highest content of saponins (0.28 g eq
dios/0.25ml) while population 861 (low coastal
area) had the lowest one (0.14 g eq

dios/0.25ml). The population 355 (inland area)
and Pop3 exceeded the overall average (0.21 g
eq dios/0.25ml).
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Figure 4. Variation of saponins contents in the dry matter of M. ciliaris L. populations. Different
letters indicate significant differences at p<0.05 according to Duncan test.

The principal components analysis applied to
all significant variables showed that the first 3
axes absorbed 85% of the total variation; axis 1,
axis 2 and axis 3 absorbed 50.4%, 21% and
13.6% of the total variation, respectively. Axis 1
was defined on the positive side by chlorophyll
a and by lycopenes and B-carotene on the
negative side while axis 2 was defined by
saponins and chlorophyll b on the positive side.
Axis 3 was defined by saponins on the negative

side. The distribution of the populations
according to the factorial plan (1-2) showed
three groups of populations: a group formed
by populations 306 and 326 with the highest
contents of chlorophyll a and carotenoids
which opposed Pop3 with the highest contents
of lycopenes and B-carotenes. The third group
contained the rest of populations (Popl, Pop2,
355, 660 and 861) which were intermediate or
poor in these substances (Figure 5).
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Figure 5. Biplot (1-2) of PCA applied to significant biochemical parameters determined on fresh

biomass and flowers of M. ciliaris L. populations.
Cluster analysis showed three groups of

populations: the first one gathering populations
306 and 326 which are similar, the second

306 ——

containing Pop3 which is the most distant one
and a third group containing the rest of
populations (Figure 0).

326 ——

355

S

Pop2
861

Pop1

Pop3

Figure 6. Dendrogram established according to the cluster analysis (CA) applied to the significant
biochemical parameters determined on fresh biomass, stems and flowers of the M. cliaris L.

populations

5 DISCUSSION

In the present research work, the antioxidant
compounds and the secondary metabolites in
M. ciliaris were studied for the first time. The
populations exhibited different types of anti-
oxidant compounds and secondary metabolites.
The knowledge of those constituents is
paramount, a feature possibly reflecting some
advantage for the synthesis of chemical

complex substances. The screening of various
plants for phytochemicals was reported by
several authors  (Siddiqui e a4k, 2009;
Savithramma e a4/, 2011). Preliminary
phytochemical quantitative analysis of M. ciliaris
populations  for chlorophylls, B-carotene,
carotenoids, total phenols and tannins contents
and saponins revealed a large variation among
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population for all these compounds. The
chlorophylls, as a primary metabolite, are widely
distributed in nature and play a key role in
metabolic processes such as photosynthesis,
respiration and nutrient uptake (Geetha and
Geetha, 2014). The wvalues reported in this
study for chlorophylls a and b are higher than
those reported by Jabri ez al, (2016) but lower
than those reported by Haffani-Ksontini
(2015). According to Devmalkar ez al., (2014),
total chlorophyll varied with seasons and light
intensity. Carotenoids and flavonoids are
involved in cell pigmentation in flowers and
seeds, seed dispersers and plant reproduction
(Pagare et al., 2015). Carotenoids are important
in photosynthesis apparatus where they
interfere by protecting chlorophyll from heat
and solar radiation. Indeed, in the current study,
the strong and significant positive correlations
obtained between carotenoids and chlorophylls
a and b support this hypothesis. Furthermore,
the highest concentrations of carotenoids are
present in green grass grazed in spring and
autumn than in late-stage grass with the lowest
concentrations (Calderon e al, 2007). Our
results showed that Pop3 (from coastal area)
had the lowest content of carotenoids
(0.63g/ml) while population 306 (from high
inland area) had the highest content (1.9 g/ml).
These contents are higher than those revealed
by Farrugia ez al., (2008) (0.43 to 0.7 mg/g DM)
in green herb of permanent grassland. For 3-
carotenes in flowers, the levels reported in this
study are so small compared to those of alfalfa
and yellow clover (0.08 mg/ml vs. 26-33 mg kg’
' DM) and those of clover bird's feet (0.08
mg/ml vs. 56-61 mg kg’ DM). Anthocyanins
offer benefits for human and animal health.
Dietary anthocyanins have been associated with
improving the risk factors for chronic diseases.
Their content varied considerably from species
to species. Even the values of anthocyanins
reported in this study for M. ciliaris populations
are very low (an average of 0.02 moles/ml),
they may be useful in animal health. Secondary
metabolites are organic molecules synthesized
by plants from primary metabolites through

various ways. They include saponins which
exhibit anticholesterolemic, anti-cancet,
adjuvant and haemolytic activities (Gholami e#
al, 2014) and total phenols and tannins.
Polyphenols have multiple interests because of
their ability to regulate the expression of certain
genes or their specific distribution in plants
which allow them to be good markers in terms
of animal feed traceability. Moreover, phenolic
compounds may have a signalling role (Treutter,
20006), ie. the establishment of symbiosis
between Fabaceae and bacteria, which allows
these plants to directly fix atmospheric
nitrogen. They participate in pollination
phenomena since they are responsible for the
colouring of flowers (Macheix et al, 2005) and
in the resistance to biotic and abiotic stresses
(Guitton, 2010). Their content depends on the
species, the wvariety and the conditions of
cultivation. The levels of saponins obtained in
this study for M. ciliaris populations are higher
than those reported for alfalfa (21 % vs. 2-3%)
(Barnes et al, 2007). M. truncatula has various
saponins contents (Huhman and Sumner.
2002). The average total phenols content
obtained in this study for M. ciliaris is higher
than that obtained for M. truncatula and M.
minima (20.8g eq. tannic acid vs. 10.4 g eq
tannic acid/kg of DM for each, respectively)
and for Astragalus  hamosus and  Coronilla
scorpioides (9.7 and 6.6 g eq. tannic acid/kg of
DM, respectively) (Zoghalmi ez al., 2005). The
same observation was obtained with total
tannins (8.6 vs. 7.5 eq tannic acid/kg of DM,
for both M. truncatula and M. minima) and (8.6
vs. 4.6 and 3.8 eq tannic acid/kg of DM for 4.
hamosus and C. socrpioides, respectively). It seems
that the tannin richness is correlated with the
genotype and several herbaceous and shrubby
forage species have shown variability for this
parameter. According to PCA, two groups of
populations were observed, the group of 306
and 326 (both from inland area) characterized
by their richness in chlorophyllian pigments and
carotenoids and that of Pop3 (from coastal
area) which is distinguished by its richness in
lycopenes, B-carotenes and saponins.
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6 CONCLUSION

This study presents new information on the
biochemical characterization of different plant
part of Medicago ciliaris 1.. and confirms the
important potential of these unexploited
genetic resources for improving animal health
products. Indeed, the results showed
differences between populations for several
parameters. Based on the presence of variety of
phytochemicals in the plant parts of M. ciliaris,
the grazing of biomass and pods of this species
is recommended for the growth of sheep and
their ~ well-being.  Furthermore,  breeding
strategies  exploiting the existing natural
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