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Abstract: Hedychium gardnerianum (HG) and Pittospporum untiuta(PU)
are invasive plants all over the world, being ie thzores supplied to cattle on
periods of shortage food. As these plants prodwmeprddary metabolites,
including a diverse range of phytochemicals compsuthe aim of the present
study is to identify how these metabolites can blated to animal’s
reproductive performances. For such purpose, plawere harvested on
winter, compounds extracted by method of decoctod analysed by
combination of liquid chromatography and mass speaetry as well as high-
performance liquid chromatography. For nutritiveakyations, Van Soest and
Weende methodologies were used. In HG quercetid3]i-O-beta-
glucopyranoside, myricetin rhamnoside, quercetiannhoside, and gibberellin
Al and A8 were identified, while for PU were fowadeic acid derivatives,
including dicaffeoylquinic acid and caffeoylquiracid. In nutritional terms,
these plants can be considered as poor, presepéngentages of dry matter
(DM%) of 16.34% and 40.39%, respectively for HG &U. Values for ash
10.4%, crude protein (CP) 7.75%, neutral detergiioér (NDF) 64.5, acid
detergent fiber (ADF) 34.69%, acid detergent ligigkDL) 3.47% and ether
extract (EE) 2.03% were found for HG. For PU valwesre ash 6.64%, CP
6.11%, NDF 43.84%, acid ADF 35.57%, ADL 3.56% artel E71%. This
study clearly indicated that, besides their lowritive values, these plants can
be used to feed ruminants, especially when padaglks. Nevertheless, as
some compounds, namely the caffeoylquinic and fdmgfuinic acids, are
known to be associated to physiological reprodectivechanisms, one could
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speculate that these compounds can be directlyndirdctly associated to
reproductive performances in bovine fed with theaaets.

Keywords: Hedychium gardnerianum Nutritive value, Pittospporum
undulatum Reproductive events, Secondary metabolites.

Introduction

In the Azores, animal production is limited by fm®duction cycles of grass, existing two seasons,
summer and winter in which a great lack occursthiese periods it is frequent alternative feed
ruminants, mainly goats and bovines wRtosporum undulatunvent. (Incenso) anddedychium
gardnerianum Ker-Gawler (Conteira). These two plant’s specige @mvasive of the Azores,
commonly known agncensoand conteira, respectively Pittosporum undulatunis native to south-
east Australia (Cayzest al, 2000), being a tree of temperate 5-15m tall igileg to the family of
Pittosporaceage with white flowers and lanceolate acute, glabrdeaves (Diaset al. 2007).
Hedychium gardnerianurier-Gawl is a rhizomatous (tuberous roots) herbaseperennial of the
family Zingiberaceae, native to the Himalayas (@frwet al, 2003; Arrudeet al, 2012). This plant
can reach 2 m height, the leaves are oblong witlerBOlong and aromatic numerous red-orange
flowers, with inflorescences 20-30 cm height (S@igr1984; Press and Short, 1994). Both plants
were introduced in various countries, or for ornatak purposes or in case dittosporum
undulatum crop protection against wind, which are easilg@dble to many different media invaded
native habitats (Cayzet al, 2000; Harrist al, 1996).

With regard to the nutritional value, studies depeldin vivo in sheep by Borba (1990, 1991),
showed both plants are considered poor with loweslof digestible and metabolizable energy. For
Conteirg the same author states that the gross energg aald dry matter degradation are also very
low.

As plant secondary metabolites are a large grougarmhpounds not directly involved in the
metabolism of essential plant, deriving mainly frahe metabolism of amino acids or acetate
(McNaughton, 1983), a comprehensive overview oir thmchemistry, bioactivity and chemistry, is
not described till now. These compounds can beldi/into three major groups: terpenes, phenolic
compounds and alkaloids. In some cases seconddapatites can be toxic to animal’s metabolism,
affecting nervous system, immune, endocrine ancbdegetive (D’Mello and Devendra, 1995; Furlan
et al, 2007; Stegelmeier, 2007). These compounds aceaasignificant source of anti-inflammatory
and antioxidants, playing an important role asbhitbrs of enzymes (Falét al, 2011). Although no
study on the influence of secondary metabolitesdygpced by these plants at the reproductive
performances in animals could be found, some breeldave the perception that they may cause
reproductive decline level, reflecting an increadeearly and late embryonic mortality or even
abortions.

Thus, the present study aims, beyond the deteriminaf nutritive values oPittosporum undulatum

and Hedychium gardnerianumalso identify secondary metabolites in these plathtat might
influence physiological mechanisms in ruminantgoductive performance

Materials and Methods

Plant Material

Plant materialsKittosporum undulaturandHedychium gardnerianupwere collected in December,
since these plants are mainly provided to the asichaing winter.
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Nutritive Value

Their nutritive characteristics were performed adow Van Soest (1970) and Weende (1975)
methodology, evaluating the following parametens; thatter (DM), crude protein (CP), neutral
detergent fiber (NDF), acid detergent fiber (AD&gid detergent lignin (ADL) and ether extract (EE).

Extraction of Phenolic Compounds

For secondary compounds extraction was used caowahimethod decoction. Briefly, 10g of fresh
samples were boiled for 1h in 300 ml of distilledter at 100° C. The extracts were filtered using
Whatman filter paper (No. 1). Then, the filtrate swikozen and subsequently lyophilized. The
collected filtrates were concentrated in vacuumoaim temperature using a rotary evaporator. The
residue obtained with both methods was storediieezer at —20 °C to further evaluation.

Phenolic Compounds Analysis

The LC-MS and LC-MS/MS analysis were carried outaoliquid chromatography Surveyor Plus
Modular LC system connected to a LCQ Duo ion trapssnspectrometer equipped with an
electrospray ionisation (ESI) source, from Thermciefific (Bremen, Germany). A column
LiChroCART® 250-4 LiChrospher® 100 RP-8 (5 um) wesed. The extract was analysed by HPLC
injecting 25 ul (10mg/mL) with an auto injector,dansing a gradient composed of solution A (1.0%
formic acid), and solution B (methanol) as follogir® min, 80% A, 20% B; 20 min 20% A, 80% B;
25 min, 20% A, 80% B, with a flow of 1,000 mL/mifihe mass spectrometer was operated in both
positive and negative ion modes in the range mz1Q00 and the parameters were adjusted in order
to optimize the signal-to-noise ratios (S/N) foe lons of interest. The nebulizing and auxiliarg ga
(nitrogen) flow rates were, respectively 40 and&®itrary units) and the capillary temperature was
set to 25(°C. Collision induced dissociation (CID) experimentsre performed by isolating the ions
within the ion trap and accelerating them in oraesuffer multiple collisions with the background
gas present in the ion trap (helium) using a dateddent acquisition mode. The ions of interesewer
activated by applying a percentage of a supplememta. potential in the range of 0.75-1.75 Vp—p
(peak-to-peak) to the end cap electrodes of theéramat the resonance frequency of the selected io
(referred to as the Normalized Collision Energy,ENCThe injection times were 50 ms in a full scan
and 200 ms in an MS/MS scan. Xcalibur™ softwarenflthermo Scientific was used to acquire and
process the data.

Results

Nutritional Value

As it can be observed in Table 1, Pittosporum umtduh showed a higher percentage of DM than
Heddychium gardneriaum (40.39% vs. 16.34%). Fodenrotein it was observed low values in both
plants 7.45% and 6.11% per 100g DM respectivelyHaddychium gardneriaum and Pittosporum
undulatum. Regarding ADF and ADL, both plants pnése identical values, differences of less than
1%. Relatively to NDF the values obtained in Hddym gardnerianum were higher than the
obtained to Pittosporum undulatum (64.5 vs 43.84%M%).

Phenolic Compounds

The extracts obtained from tfittosporum undulaturandHedychium gardnerianurwere analysed
by LS-MS, Figure 1 and 2 respectively. LC-MS idaadtions for both plants are presented in Table
2, for P. undulatumand Table 3, foH. gardnerianum The extract ofP. undulatumis composed
mainly of caffeoylquinic and dicaffeoylquinic acids figure 1, peak 4 was identified as chlorogenic
acid, peak 10 was identified as 1,3-dicaffeoylquinicid (cynarin). Peaks 6,7,8,9 and 11 were
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identified generically as isomers of the dicaffemyhic acid. Peaks 1, 4, and 5 were recognized as
isomers of caffeoylquinic acid. Peaks 2 and 3 afteic acid derivatives.

RegardingHedychium gardnerianum’extract, in the chromatogram represented in Fidurfiéve
peaks were subsequently identified as quercetindB@-beta-glucopyranoside, myricetin
rhamnoside, quercetin rhamnoside, gibberellin gbberellin A1, respectively as peak 1 to 5 (Table
3).

Discussion

In the present study, secondary metabolites pratbgePittospporum undulaturand Hedychium
gardnerianumthat might influence animal reproduction at physiological levas well as their
nutritional value were evaluated. Relatively Rdtosporum undulatunvalues found for DM were
higher than those described by Borba (2007), oiiai to those related by Oliveira (1996). Both of
these authors found higher values of crude pratempared to that observed in this study. For NDF,
values obtained foPittosporum undulatunwere higher than those found by other authors. (e.g
Oliveira 1996), being, however values for ADF samito that found by Borba (2007), but higher than
that found by Oliveira (1996). For ADL, it was falira higher value than the found by Oliveira
(1996), but much lower than found for Borba (2003)th authors reported higher values of crude
ash. These different results can be explained figrent season of the year in which plants were
harvested or having been harvested in differengigaaical areas. As known, in summer, DM of
plants is much higher than in winter, altering $ab8gally their chemical compounds. By the other
hand, the place in which plants were removed froihcan play an important role in their chemical
composition. Plant-soil feedback is the phenomelwprwhich a plant influences biotic or abiotic
properties of the rhizosphere which, in turn, iaflaes the performance of that individual or another
plant (Ehrenfelcet al, 2005).

Changes in the composition of plant species (duttional groups) modify resource availability for
heterotrophic microbial communities in the soil,igfh in turn, also modifies their composition (Zak
et al, 2003). According to Van Soest (1987) the nuitvalue and forage quality are consequences
of conditions of plant growth, namely, the statevaiturity of the plant, the type of soil, diseaaad
environmental conditions, temperature, light, fizer and water available, then each author care hav
different results from the same plant. In the pnéstudy, forHedychium gardnerianunthe results
observed for ADF (34.69%) and crude ash (10.04%veemilar to those found by Borba (2007).
However, for dry matter, crude protein, and NDF,LAll was observed that the values obtained by
Borba (2007) were higher than those determinedighdtudy. When compare the results obtained by
Oliveira (1996) observed that ADL, NDF and crudk eessults were identical. However, the values of
CP and ADF were lower than those found by Olivéit896). Regarding the dry matter values
obtained in this study were higher than those egfeed by Oliveira (1996).

Analyzing the results of the nutritional value bése forages, when comparing the results obtained
with the values of a straw and ryegrass, referet@é&dRA (2007), we observed that both plants have

higher crude protein content than straw. As exgkttte fibber values in these plants over are lower

the straw.

If we compare the ryegrass wiHittosporum undulaturandHedychium gardnerianurobserved that

in terms of crude protein values obtained for @diiiable 1) are much lower than those referenced by
INRA (2007) for ryegrass (22.3%). Regarding fourithtt NDF values found irPittosporum
undulatum (43.84%) is lower than ryegrass (48.2%) tHedychium gardnerianunhas a higher
content of cell wall (NDF) of the ryegrass.

At the second part of the present study, diffesedondary metabolites of these plants have been
investigated. FoHedychium gardnerianunfive compounds were identified in which three are
flavonoids, quercetin-3,4'-dd-beta-glucopyranoside, myricetin rhamnoside, quercénamnoside,
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the latter two compounds are gibberellin A1 and A&bberellins comprise a large group of
diterpenoid carboxylic acids, ubiquitous in higlpdaeints. These compounds are defined as a class of
related plant hormones stimulating growth in stemd Eaves, triggering the germination of seed and
breaking bud dormancy. They can be also involveith \&uxins, stimulating fruit development
(Hedden and Thomas, 2012). As functions of reprtideicsystem of animals are regulated by
hormonal control, one can speculate that this ashharmonal status can be disturbed by the ingestio
of these plants, resulting in morphological changefs animal's reproductive hormones,
stimulating/inhibiting physiological processes d¢feir reproductive functions (Kistanova, 2003).
Flavonoids are found in a huge variety of ediblanm, fruits and vegetables. As phenolic
compounds, which nature and action are similanimal steroids hormones (Kistanova, 2003), may
have negative influences on sexual system of fermalmals, reducing thus conception rates and
increasing embryonic loss (Adams, 1995).

In Pittosporum undulatumwo of the identified compounds are caffeic dedivehlorogenic acid
(caffeoylquinic acid) and cynarin (dicaffeoylquirdcid), which have different properties of which we
highlight the anti-inflammatory, antioxidant (Pei@arciaet al, 2000) and enzyme inhibition activity
(Koshiharaet al. 1984; Faléet al, 2013). However, according Shan (2009) only haahlorogenic
acid in physiological mechanisms of action actingtwe reproductive metabolism of arachidonic acid
by inhibition of cyclooxygenase (COX) (Ringbom, 200Thus, taking into account that COX is the
key enzyme in the biosynthesis of prostaglandirS) (i the production play a key role for the
regulation of oestrus, the recognition of pregnaaag childbirth (Aroshet al, 2002). The COX
presented two isoforms COX-1 and COX-2. Accordirapgenbactet al (1995) COX-1 does not
interferes apparently reproductive metabolism ims.reHowever, Limet d (1997) disturbed
metabolism of COX-2 in rats and found that thereearaany failures of breeding females, especially
in ovulation, fertilization and implantation of emgbbs. Having regard to the bibliography, we thibk i
is possible that excessive consumptittosporum undulaturmay lead to some changes occurring in
the reproductive physiologic mechanism of ruminamsiuding by way of fertilization of the egg or
the difficulty of the implementation of the embrydshus producers supplying these shrub animals
may have empirically observed a decline in repradegerformance of dairy cattle.

Figures and Tables:
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Figure 1: Chromatograms of the extractsRiftosporum undulaturm agueous medium
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Figure 2: Chromatograms of the extractskédychium gardnerianunm agueous medium

Table 1: Results of chemical analysis Bittosporum undulaturandHedychium gardnerianum

For 100g DM
Samples %DM

Ash | CP | NDF|ADF(%) | ADL(%) | EE

Hedychium gardnerianum | 16.34| 10.047.75| 64.5| 34.69 3.47 | 2.03

Pittosporum undulatum | 40.39| 6.64| 6.1143.84| 35.57 3.56 | 2.71

Table 2: Main components of the #ittosporum undulaturim aqueous medium

Peak Compound o Product ions m/z
(m/z)
1 Caffeoylquinic acid 353 -
2 Caffeic acid hexoside 341 281,251;222;179;149
3 Caffeic acid hexoside 341 -
4 Chlorogenic acid 353 191; 179

5 Caffeoylquinic acid 353 -
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6 Dicaffeoylquinic 515 353;335;179

7 Dicaffeoylquinic 515 353;316;298;203

8 Dicaffeoylquinic 515 353;335;299;255;179
9 Dicaffeoylquinic 515 353;335;179

10 Dicaffeoylquinic (cynarin) 515 353;335;317,299

11 Dicaffeoylquinic 515 353; 317; 299; 173

Table 3: Main components of the éfedychium gardnerianunm aqueous medium

lon
Peak Compound Product ions m/z
(m/z)

Quercetin-3,4"-O-di-beta-
1 625 478;316
glucopyranoside

2 Myricetin rhamnoside 463 317

3 Quercetin rhamnoside 447 301

4 Gibberellin A8 363 301;275

5 Gibberellin Al 347 303;285;221
Conclusions

Results of the present study indicate that, althahgse plants can be used as the basis of ruminant
nutrition, farmers must pay attention as thesetpl&ave low nutritional value, as well as if their
secondary compounds can influence reproduction ipleggcal mechanisms. Further studies are,
however, necessary to evaluate if plant metabotitas be identified in bloodstream as well as the
possible interactions occurring in the rumen.
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