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ABSTRACT

Avicennia marina is the only naturally occurring mangrove specie in the arid Arabian Gulf coast of the United Arab Emirates (UAE). Due
to the water scarcity of this arid-region, A. marina is a precious biomass resource for the UAE that does not require fresh water for
growing, and is able to grow in the Arabian Gulf high salinity conditions, over 40g/kg. This non-fresh water lignocellulosic arid-region
bioresource may be used for the production of high valuable chemicals. The objective of the present manuscript is to characterize the
lignocellulosic composition of Arabian Gulf A. marina, as a first attempt to highlight its importance in a biobased economy in arid regions.
Avicennia marina stem, leaves and pneumatophors samples were collected from two locations in the United Arab Emirates. A. marina
samples were chemically characterized for sugar composition, ash content and byproducts using standardized protocols. The analysis
revealed that A. marina arabinan, xylan, glucan and lignin composition ranges, in g/100g_TS (TS: total solids), between 1-22, 5-18,
10-31, and 21-48, respectively. The highest composition of xylan and glucan (g/100g_TS) was obtained for stems and pneumatophors,
45 and 38, respectively. Xylan and glucan are the polymeric precursors for the production of high value chemicals, e.g. furfural and
hydroxymethylfurfural (HMF), respectively. Under the characterization conditions, it was obtained furfural and HMF (g/100g_TS) in the

ranges of 0.05-0.42, and 0.45-2.1, respectively.
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INTRODUCTION

Mangroves are found in 112 countries around the world
covering around 160,000 km* approximately (Kathiresan
and Bingham 2001; Mijan Uddin et al. 2014). In the
United Arab Emirates (UAE), the only naturally occurring
mangrove specie is Avicennia marina (EAD 2016). In the
UAE mangrove forests covered area has increased from
40 km? to 155 km?, from 2005 to 2014 (EAD 2016) thanks
to plantation, public awareness and conservation efforts.
Mangroves in the gulf coast of the UAE grow in high
salinity conditions, over 40g/kg (Smith et al. 2007). The
wortld seawater reference salinity is 35 g/kg (Millero et al.
2008).

In Arid region, as in the UAE, where rain precipitation is
scarce, e.g. 120 mm average annual rainfall in UAE (Boer
1997), biomass availability is limited due to the fresh water
scarcity, which constrains forestry and agricultural activities

(Bastidas-Oyanedel et al. 2016). The controlled use of
A. marina, as a lignocellulosic feedstock, can overcome this
issue. Lignocellulose biorefinery, for the production of high
value chemicals, interest has boosted in the recent years
(Zhang 2008; FitzPatrick et al. 2010), where worldwide,
10° million tonnes of lignocellulose is estimated (Alvira
et al. 2010). Additionally, conservation and plantation of
A. marina has environmental benefits, such as increase in
fishery, biodiversity, ecotourism, protection against erosion,
and feedstock (Kairo et al. 2001; Han 2003; Sato et al. 2005;
Shaifullah et al. 2009).

The objective of the present study (Fig. 1) is the
characterization of lignocellulosic components of
A. marina leaves, stem and pneumatophors, in UAE, as
a first attempt to highlight its importance in a biobased
economy in arid regions, for the production of cellulose/
hemicellulose detived high value chemicals, e.g; furfural and
also to create a database of local endemic plants.
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Fig 1. Scheme of the manuscript objective. Left: Avicennia marina forest in the coast of Abu Dhabi, United Arab Emirates; Center: Lignocellulosic
characterization; Right: furfural and hydroxymethylfurfural, high value molecules, molecular model.

MATERIALS AND METHOD

Biomass collection and preparation

Avicennia marina biomass samples were collected from two
different locations, Ras Al-Khaimah and Abu Dhabi, United
Arab Emirates, according to the following coordinates
25°46°31.33”N 55°57°47.98”E and 24°27°20.58”N
54°24°18.19”E, respectively. A. marina biomass samples
consisted on: Fresh leaves; Fallen leaves; Fresh stems; Fallen
stems; and Fresh pneumatophors. All the samples were
washed with milliQ water, air dried at 25 °C and milled
with a knife mill IKA, 10 MF Basic) to pass through a
2 mm screen. Material characterization and biomethane
potential analysis where performed by triplicates for each
mangrove part/location.

Material characterization

All the 4. marina samples were quantified for total solids
(TS), volatile solids (VS), total ashes, glucan, xylan, klason
lignin, structural ashes, and extractives, content. TS and
VS were quantified by drying a known mass of each
sample at 105°C and 570°C. Structural carbohydrates and
lignin composition where determined by a two-step acid
hydrolysis of extractive-free biomass. Biomass samples
with TS content below 90% were first dried at 105°C
for 12 h. Then the biomass was extracted for waxes, fats,
gums, tannins, sugars, starch, non-structural salts, and
coloring matter using water and ethanol extraction. The
extraction was performed by Soxhlet equipment. Millipore
water and 96% pure ethanol were used for the water and
ethanol extraction. Extraction was followed by strong acid
hydrolysis using 72% H,SO, (Sowunmi et al. 2016). The
hydrolyzates were analyzed by HPLC (Agilent 1260 Infinity
Bio-Inert Binary L.C), using a A Hi Plex-H column (Agilent)
and refractive index detector, for determination of glucose,
xylose and arabinose concentration at 65°C with 0.005 M
H,SO, as mobile phase with 0.6 mL/min flow rate (Fang
etal. 2015). Hydrothermal pretreatment, was performed at
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200°C for 10 minutes, with 10% w/w dry matter loading in
a Parr reactor (Parr Instrument Company) with a working
volume of 1 L. After the treatment, the reactor was cooled
to 40°C, and the pretreated material was separated by
filtration into solid (fibers) and liquid fraction. Both fraction
wete kept at 4°C until analysis.

Biomethane potential analysis

For the biomethane potential analysis, Avicennia marina
fallen dried stems, Ras Al-Khaimah, were used as substrate,
seawater as media, and wastewater treatment sludge as
inoculum. A. marina and seawater were both sampled from
Ras Al Khaimah. The sludge was sampled from Al Wathba
Wastewater treatment plant, Abu Dhabi. The inoculum
was incubated at 37°C for 2 days after collection and
previous the experiments, in order to reduce its indigenous
biomethane potential. Seawater pH was measured using
commercially available probes. Seawater salinity was
determined drying a known mass of sample at 105°C and
570°C. Seawater salinity was 43.2 £ 0.1 g/kg and a pH was
7.29. Biomethane potential experiments were conducted
in triplicates at 37°C in serum bottles with 115 ml liquid
volume and 212 ml headspace. The experiment was
conducted using 1.09¢gVSmangrove/gVSinoculum and
an inoculum concentration of 11.4g/L. After loading
the serum bottles with the mangrove sample, inoculum
and seawater, their headspace was then flushed with a gas
mixture of 80% N, and 20% CO, to ensure anaerobic
conditions and prevent pH changes in the liquid phase,
during the flushing, (Sowunmi et al. 2016). The serum
bottles were immediately sealed with with thick rubber
septum (chlorobutyle rubber, Apodan Nordic, Denmark)
after flushing to maintain anaerobic conditions. Gas
samples of 0.5 mL were collected from the serum bottle
headspaces using a 1 mL pressure lock valve syringe.
Biomethane was quantified by gas chromatography (GC
SRI Instrument, SRI 8610C with 3 Silica Gel column)
equipped with a flame ionization detector (FID).
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RESULTS AND DISCUSSION

The error bars in Figures, presented in this section,
are shown as the standard deviation of the triplicated
experimental data, including the propagation of error.

Determination of dry matter (total solids) and ash in
A. marina samples

Fig. 2 shows the total solids as the sum of volatile solids
and ashes. All samples contain an average of 70% volatile
solids. Leaves samples contain the highest ash values, in
average 20%, and they have the less moisture content, 10%.
The volatile solids content indicate the organic fraction
of the biomass, which can be used for the production of
high value chemicals (Zhang 2008; FitzPatrick et al. 2010),
and bioenergy as biogas (Bastidas-Oyanedel et al. 20106).

Determination of Klason lignin and oligosaccharides
in biomass

Fig. 3 presents A. marina biomass composition as total
extractives, arabinan, xylan, glucan and klason lignin.
In general, there is no significant difference between
samples collected from Ras Al-Khaimah and from Abu
Dhabi. Stem and pneumatophors samples contain the
highest sugar content. Arabinan content in stems is low
with an average of 1.6 g_arabinan/100g_ TS, while its
content is considerably high, above 11 g_arabinan/100g_
TS in pneumatophors. The glucan and xylan average
composition in both stems and pneumatophors was 26
and 16.4 g/100g_TS, respectively. Glucan and xylan are

the precursors for the production of high value chemicals,
e.g. turfural, hydroxymethylfurfural (HMF), and levulinic
acid, by thermochemical processes (Alvira et al. 2010)
or glucaric acid by fermentation processes (Gupta et al.
2016a). Characterization of other arid region lignocellulosic
biomass, Phoenix dactylifera and Salicornia bigelovii, has
reported glucan and xylan values of 41.2 g _glucan/100_
gTs, 21.5 g_xylan/100_gTS and 9.1 g_glucan/100_gTS,
7.7 g_xylan/100_gTS, respectively (Ashraf et al. 2016;
Cybulska et al. 2014).

The total extractives, which are the main constituent of
the leaves, can be compounds of high market value such
as naphthoquinonoes (anticarcinogenic activity), betain
(dietary supplement), iridoid glucosides, triacontane,
trimethylglycine, and bioactive lipids (Popp 1984; Konig
and Rimpler 1985; Wu et al. 2008; Ramadan et al. 2009;
Liebezeit 2012).

Fig. 4 shows the concentration of acetic acid, furfural and
HMF produced during the thermochemical hydrolysis.
These compounds are considered bioethanol fermentation
inhibitors formed during the pentose and hexose
degradation (Jénsson and Martin 2015). Nevertheless,
furfural and HMF are amongst the 10 most valuable
bioproducts listed by the US Department of Energy and
they are a highly potential renewable chemical feedstock
for the production of valuable chemicals and biofuels
(Agustina et al. 2013; Cai et al. 2013). In fact, production of
furfural from cellulose can be commercially more attractive
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Fig 2. A. marina biomass composition as total solids (TS) expressed as volatile solids (VS) and ashes.
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Fig 3. A. marina biomass composition as total extractives, arabinan, xylan, glucan, and klason lignin.
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Fig 4. A. marina biomass acid hydrolysis products at 121°C with 72% sulfuric acid. (* Hydroxymethyl Furfural).
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than bioethanol by yeast fermentation. Moreover, HMF can
be converted to 2,5-dimethylfuran (DMF), which has 40
percent higher energy density than ethanol (Cai et al. 2013).

Furthermore, Anaerobic digestion of _A. marina biomass
and/or residues of its processing is possible, even using
UAE Arabian Gulf sea water (Bastidas-Oyanedel et al. 20106),
which can contribute to the production of biogas. Fig. 5
shows the cumulative biomethane produced from A. marina,
using Arabian Gulf seawater (43.2 £ 0.1 g/kg salinity).

As per this study, the use of seawater is possible in
the production of biomethane. This result will open
new doors for research related to biofuel and chemical
production based on seawater lignocellulosic biomass. The
substitution of fresh water by seawater is economically and
environmentally important for arid regions, as is the case
of the MENA region, where from its 20 countries, 14 are
in absolute water scarcity, 4 in chronic water scarcity and
two in occasional local water stress (Bastidas-Oyanedel et
al. 2016). Therefore, lighocellulosic biomass based activities
in arid regions main challenge is to minimize the use of
freshwater. In this context 4. marina is promising biomass
for seawater biorefinery, as it is adapted to UAE sea water
salinity conditions.

The sustainable utilization of mangrove forest in coastal
arid regions has not only the benefits of producing
lignocellulosic biomass without freshwater, but also aims
at the conservation and plantation of A. marinain the UAE
because of the biodiversity it hosts. Apart from fishes and
crustacean biomass (Kathiresan and Bingham 2001; Han
2003), mangroves are a habitat to other living organisms,
which have biotechnological potentials (Kathiresan
and Bingham 2001). Polyalkanoates producing bacteria
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Fig 5. Biomethane potential of Avicennia marina fallen dried stem,
Ras Al-Khaimah, at seawater conditions over an incubation period of
48 days. Seawater, 43.2 g/kg salinity. The substrate over inoculum
ratio is 1.09 gVS_Avicennia marina/gVS_inuculm. VS: volatile solids.
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(Moorkoth and Nampoothiri 2016), and terpenoids
producing bacteria (Mitra et al. 2008) has been isolated from
mangrove soil. Enzymes, antimicrobials, and biopesticides
have been isolated from mangrove fungi (Cheng et al. 2009).
Long-chain omega-3 fatty acids producing microalgae have
also been found in mangrove forests (Gupta et al. 2016b).
Anyhow; it is strongly emphasized that any mangrove-based
lignocellulosic biomass exploitation must be only applied
in mangrove ecosystems where conservation efforts are
well implemented, or refrain otherwise.

CONCLUSIONS

The chemical composition of Awvicennia marina biomass:
leaves, stem and pneupatophors, have been quantified.
Samples were collected from two locations in the United
Arab Emirates (UAE), Ras Al Khaima and Abu Dhabi.
The results showed no significant variation between these
two locations. Average volatile solids for all the biomasses
was 70%. Higher content of sugars, arabinan, xylan and
glucan, was found in stems and pneumatophors. The
highest extractives content was found in leaves. The present
study highlights the importance of A. marina in the UAE
as a lignocellulose resource, for biorefinery processes,
overcoming the water scarcity issue of arid regions.
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